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    GeoGenius
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A versioned catalog of named geographic areas for Elixir and PostgreSQL/PostGIS.

GeoGenius owns the geographic reference domain: collections of named areas (states,
counties, ZIP codes, school districts, or any other hierarchy you define), versioned
releases of that data, atomic publication and rollback, and the read-side primitives —
spatial containment, proximity, code lookup, name search, and hierarchy traversal — for
resolving one against the catalog. It also ingests that data: a reviewed manifest, an
artifact cache, format providers, and an explicitly retryable import pipeline that ends in a
verification gate. Your application owns when an import runs, any projection it builds on
top of the catalog, and presentation.
GeoGenius is not a geocoder. It resolves points, polygons, codes, and names against areas
it already knows about; it does not parse or normalize free-form street addresses.
What It Does
	Catalog identity: collections, authorities, ranked area types, and areas addressed by a
stable area_key, with names, external codes, retirement, and successor tracking.
	Versioned releases: sources, source releases, checksummed artifacts, and a verification
gate a release must pass before it can publish.
	Optional geometry: an area joins a release through a release_area membership row;
attaching a boundary is optional, and a collection can require it with
requires_geometry.
	Relations derived from geometry (rebuild_relations) or asserted from source data
(put_relation), traversed identically either way.
	Atomic publication and rollback through a single pointer swap, with a durable,
sequenced publication event log.
	Spatial and non-spatial resolution: containment, overlap-with-coverage, proximity, code
lookup, ranked name search, hierarchy traversal, and a resolve cascade over one input.
	A durable import run state machine with heartbeat leases, explicit failed-attempt retry,
and one executor per attempt.
	Ingestion: manifests describing a release, an artifact cache with checksum verification,
GeoJSON/CSV/shapefile/SimpleMaps providers, pluggable cache, downloader, command,
notifier, and runner adapters, and mix tasks for importing, publishing, and rolling
back.

Why GeoGenius?
	Prefix-installed, host-owned schema — every object installs into whatever
PostgreSQL schema the host names; the package's own SQL never hard-codes a schema, so
one database can host more than one GeoGenius-backed catalog.
	Geometry is optional, not assumed — a reference hierarchy with no polygons at all
(postal codes imported with no boundary data, for instance) is a first-class citizen,
not a degenerate case. Boundaries attach when a source provides them.
	Publish is one row, not a rebuild — readers flip on one publication row under a
transaction advisory lock. complete_import finishes a verified candidate without that
flip. publish_import completes the publishing attempt, drops the lease, re-verifies, and
swaps the pointer in one transaction. Readers never see a half-published state.
	No invented notification protocol — publication events land in a durable, sequenced
table instead of a library-chosen pg_notify channel; see
Reacting to publication for why, and
the host-owned trigger recipe if a live signal is wanted.
	Postgres is the source of truth — the schema installs through
EctoEvolver raw SQL migrations, wrapped in
a host-owned, version-pinned Ecto migration the host commits and runs itself.

Architecture
GeoGenius owns exactly one PostgreSQL schema, at whatever prefix the host selects, through
EctoEvolver raw SQL migrations. Every table, view, function, and type reference in the
shipped SQL is a $SCHEMA$ placeholder substituted with the configured prefix at migration
time — the package never hard-codes a schema name, and the same SQL installs identically at
any prefix.
Current tables:
	collection, authority, area_type, area, area_name, area_code
	source, source_release, artifact, release, release_source
	publication, publication_event
	boundary, boundary_part, relation, release_area (partitioned by release)
	import_run, import_run_lease, import_run_artifact

Current views: release_areas, release_area_codes, release_area_names,
release_relations, published_areas, published_area_codes,
published_area_names, published_area_relations, published_boundaries,
import_run_status, release_artifacts, run_artifacts.
Every catalog operation is a SQL function or view, and the Elixir API is a layer over
them rather than a second implementation. GeoGenius exposes the read functions
(areas_for_point/3 and its siblings), the ingestion API (import/1, status/2,
await/3, publish/2, rollback/2, published_release/2), and GeoGenius.verify/2
for a startup prerequisite check; GeoGenius.Query wraps the views for hosts composing
their own Ecto queries; the mix tasks drive the same calls from a deploy. A host that
prefers raw SQL can still call every function and view below through its own Repo.
Prerequisites
	Elixir 1.17+
	PostgreSQL with the postgis and pg_trgm extensions, and an Ecto Repo (Ecto SQL +
Postgrex >= 0.20.0 and < 0.23.0)
	GDAL's ogr2ogr binary when using the shapefile provider; GeoJSON and CSV ingestion do
not require it

Installation
Add geo_genius to your dependencies in mix.exs:
def deps do
  [
    {:geo_genius, "~> 0.2.0"}
  ]
end
Then fetch dependencies:
mix deps.get

Setup
Configure the host repo and PostgreSQL prefix:
# config/config.exs
config :my_app, ecto_repos: [MyApp.Repo]
config :geo_genius, repo: MyApp.Repo, prefix: "geo_genius"
:prefix belongs in config/config.exs and must never move to config/runtime.exs:
GeoGenius.Query reads it at compile time, and Elixir refuses to boot when a runtime value
differs from what that read recorded, including when the runtime value is the identical
default string. :repo may live wherever the host prefers. See
guides/installation.md.
PostGIS and pg_trgm must already exist in the target database before migrating — install
them yourself, as a privileged role, or generate the setup migration with
--with-extensions to have it issue the CREATE EXTENSION statements for you (only works
if the role running the migration has that privilege):
mix geo_genius.setup --repo MyApp.Repo --prefix geo_genius
mix ecto.migrate
mix geo_genius.check_schema --repo MyApp.Repo --prefix geo_genius

geo_genius.setup delegates to the host's own ecto.gen.migration. It generates a
host-owned Ecto migration wrapper pinned to the installed schema version and never runs a
migration itself. Commit the wrapper so a later package upgrade cannot silently change an
already-deployed migration. Later upgrades use
mix geo_genius.gen.migration --from N --to N+1. See
guides/installation.md for prefixes, the pinned wrapper,
SQL-first rendering, the pre-production return-and-reinstall policy, the destructive down
migration, and uninstalling. GeoGenius never installs or changes a host schema automatically.
Startup verification. Place {GeoGenius.Preflight, repo: MyApp.Repo, prefix: "geo_genius"}
in the supervision tree right after the Repo to fail host startup, with a clear message,
when the required extensions, schema version, or content-addressed schema contract do not
match — rather than deferring that failure to the first query that touches GeoGenius. An older
pre-production install must be returned and reinstalled from the current package; see
guides/installation.md.

Usage
Every operation is a SQL function or view. GeoGenius calls them for a host that wants
typed results, GeoGenius.Query returns composable Ecto queries over the views, and a
host that prefers raw SQL calls the same functions through its own Repo.
Importing a collection
Write a manifest naming the collection, the release, the provider that parses it, and
every file it is built from, at <manifest_dir>/<collection>/<release>.json:
{
  "collection": "us_counties",
  "collection_name": "US Counties",
  "release": "2026",
  "provider": "geojson",
  "requires_geometry": true,
  "authorities": [{ "key": "census", "name": "US Census Bureau" }],
  "area_types": [{ "key": "county", "rank": 200 }],
  "sources": [
    {
      "source_key": "census:counties",
      "provider": "geojson",
      "license": "public-domain",
      "release_key": "2026",
      "artifacts": [
        {
          "logical_name": "counties.geojson",
          "url": "https://example.test/counties.geojson",
          "operator_supplied": false,
          "format": "geojson",
          "required": true,
          "sha256": "0000000000000000000000000000000000000000000000000000000000000000",
          "bytes": 4096
        }
      ]
    }
  ],
  "options": { "code_property": "GEOID", "name_property": "NAME", "area_type": "county" }
}
Then import it, watch it, and publish it:
mix geo_genius.import --collection us_counties --release 2026
mix geo_genius.status --collection us_counties
mix geo_genius.publish --collection us_counties --release 2026

An import produces a verified candidate; publishing is a separate act, so nothing hosts
read changes until you make that call. See
guides/ingestion.md for the manifest in full, the provider
contract, the adapters, and the runner backends.
Drive an import through SQL
prepare_import registers the exact manifest and claims one attempt. Every ingestion mutation
then takes that run_id, not the release id; the run fence prevents a failed or superseded
attempt from changing the candidate. The high-level GeoGenius.import/1 pipeline performs this
sequence for you. A direct loader uses the same lifecycle:
manifest_map = GeoGenius.Manifest.to_map(manifest)

{:ok, %{rows: [["enqueue", "registered", release_id, run_id, 1]]}} =
  MyApp.Repo.query(
    "SELECT * FROM geo_genius.prepare_import($1, $2)",
    [manifest_map, %{owner: "catalog-loader", runner_backend: "direct"}]
  )

executor_id = Ecto.UUID.generate()

{:ok, %{rows: [["claimed"]]}} =
  MyApp.Repo.query(
    "SELECT geo_genius.claim_import_execution($1, $2)",
    [run_id, executor_id]
  )

{:ok, _} =
  MyApp.Repo.query(
    "SELECT geo_genius.advance_import($1, $2, 'downloading', '{}'::jsonb)",
    [run_id, executor_id]
  )

{:ok, %{rows: [[artifact_id]]}} =
  MyApp.Repo.query(
    "SELECT artifact_id FROM geo_genius.run_artifacts WHERE run_id = $1",
    [run_id]
  )

[source] = manifest.sources
[artifact] = source.artifacts

{:ok, _} =
  MyApp.Repo.query(
    "SELECT geo_genius.record_artifact_observation($1, $2, $3, $4, $5)",
    [run_id, executor_id, artifact_id, artifact.sha256, artifact.bytes]
  )

{:ok, _} =
  MyApp.Repo.query(
    "SELECT geo_genius.advance_import($1, $2, 'validating', '{}'::jsonb)",
    [run_id, executor_id]
  )

{:ok, _} =
  MyApp.Repo.query(
    "SELECT geo_genius.advance_import($1, $2, 'staging', '{}'::jsonb)",
    [run_id, executor_id]
  )

{:ok, _} =
  MyApp.Repo.query(
    "SELECT geo_genius.advance_import($1, $2, 'normalizing', '{}'::jsonb)",
    [run_id, executor_id]
  )

{:ok, _} =
  MyApp.Repo.query(
    "SELECT geo_genius.upsert_area_many($1, $2, $3, $4, $5)",
    [run_id, executor_id, ["census"], ["county"], ["48201"]]
  )

{:ok, _} =
  MyApp.Repo.query(
    "SELECT geo_genius.put_area_in_release($1, $2, $3, NULL, $4)",
    [run_id, executor_id, "census:county:48201", %{}]
  )

{:ok, _} =
  MyApp.Repo.query(
    "SELECT geo_genius.put_area_code($1, $2, $3, $4, $5)",
    [run_id, executor_id, "census:county:48201", "fips", "48201"]
  )

{:ok, _} =
  MyApp.Repo.query(
    "SELECT geo_genius.advance_import($1, $2, 'relating', '{}'::jsonb)",
    [run_id, executor_id]
  )

{:ok, _} =
  MyApp.Repo.query(
    "SELECT geo_genius.advance_import($1, $2, 'indexing', '{}'::jsonb)",
    [run_id, executor_id]
  )

{:ok, _} =
  MyApp.Repo.query(
    "SELECT geo_genius.advance_import($1, $2, 'verifying', '{}'::jsonb)",
    [run_id, executor_id]
  )

{:ok, %{rows: [[verification]]}} =
  MyApp.Repo.query("SELECT geo_genius.verify_import($1, $2)", [run_id, executor_id])
# %{"ok" => true, "failures" => [], "area_count" => 1, "boundary_count" => 0}

{:ok, _} =
  MyApp.Repo.query(
    "SELECT geo_genius.advance_import($1, $2, 'publishing', '{}'::jsonb)",
    [run_id, executor_id]
  )

{:ok, _} = MyApp.Repo.query("SELECT geo_genius.publish_import($1, $2)", [run_id, executor_id])
Only the executor whose claim returned claimed runs the attempt. Another delivery receives
occupied and must not take over. An independently supervised guardian records failure when that
executor process dies while the Repo remains reachable. Whole-node loss, or shutdown after the Repo
has already stopped, cannot be recorded by a local guardian; a stale heartbeat is then diagnostic.
Fail the abandoned attempt with its latched executor_id from import_run_status, then call
retry_failed to create a new run with its own immutable manifest, artifact observations, and
failure evidence. A new executor cannot fail a live lease, and import/1 will not replace it. publish_import removes the lease,
marks the run completed, verifies the release, and swaps publication in one transaction.
Calling GeoGenius.import/1 again after a durable failure returns
%GeoGenius.CandidateError{reason: :failed} for an identical manifest (or
:manifest_changed for a different one); ordinary import never creates the replacement attempt.
publish_release(release_id) remains an operator API for a release with no active lease and no
incomplete latest import. It is not the ingestion completion path. A published release is
immutable; changing what readers see means importing a new release key and publishing that
candidate.
Attaching a real centroid or boundary binds a Geo struct directly as the query
parameter, not WKT/EWKT text: GeoGenius requires the host Repo to be configured with a
Postgrex types module that registers Geo.PostGIS.Extension before it will even boot
(GeoGenius.Preflight fails startup, with a remedy, otherwise), and that same codec
covers every Repo.query/2 call, not only reads. See
guides/reading.md for the
Repo configuration and guides/installation.md for where it
sits alongside the extension requirements.
{:ok, _} =
  MyApp.Repo.query(
    "SELECT geo_genius.put_area_in_release($1, $2, $3, $4, $5)",
    [
      run_id,
      executor_id,
      "census:county:48201",
      %Geo.Point{coordinates: {-97.75, 30.5}, srid: 4326},
      %{}
    ]
  )
Read through resolution
Once published, hosts read through the published_* views (they resolve through the
publication pointer, so no view takes a release argument) or through the resolution
functions:
{:ok, %{rows: rows}} =
  MyApp.Repo.query(
    "SELECT area_key, match_method FROM geo_genius.resolve($1)",
    [%{code_type: "fips", code_value: "48201"}]
  )
# [["census:county:48201", "code"]]
resolve/6 tries containment, code, name, and proximity strategies in order against one
JSON input and returns the first strategy's matches; see
guides/sql_api.md for what each input key selects.
Reading the catalog
GeoGenius's Elixir read layer wraps the SQL reads above in typed structs, so a host
resolves an area without hand-building SQL or mapping Postgrex.Result rows itself:
GeoGenius.areas_for_point(-97.75, 30.5)
# [%GeoGenius.AreaMatch{area_key: "census:county:48201", match_method: "containment", ...}]

GeoGenius.areas_by_code("fips", "48201")
# [%GeoGenius.AreaMatch{area_key: "census:county:48201", match_method: "code", ...}]
Both calls resolve :repo and :prefix from config :geo_genius, repo: ..., prefix: ... unless a call overrides them. See guides/reading.md for every
read, the shared option keys, what %GeoGenius.AreaMatch{} carries, the plural reads
that resolve a whole list in one call, and GeoGenius.Query for composing a catalog read
with a host's own tables in one round trip.
Loading data has an Elixir API of its own: GeoGenius.import/1 runs a manifest through
the ingestion pipeline, and GeoGenius.publish/2 and GeoGenius.rollback/2 move the
publication pointer. See guides/ingestion.md. Calling the SQL
write functions below directly remains supported for a host loading data some other way.
Public API
Every operation is a SQL function or view called through the host's own Repo. A
representative set, grouped by what they do — the complete reference, every function
and its full parameter list, lives in guides/sql_api.md:
-- Resolution
SELECT * FROM geo_genius.areas_for_point(lon, lat);
SELECT * FROM geo_genius.areas_by_code(code_type, code_value);
SELECT * FROM geo_genius.search_areas(query);
SELECT * FROM geo_genius.resolve(input);

-- Traversal
SELECT * FROM geo_genius.children_of(parent_area_key);
SELECT * FROM geo_genius.ancestors_of(child_area_key);

-- Set-keyed reads: one call per list, not one call per element
SELECT * FROM geo_genius.children_of_many(parent_area_keys);
SELECT * FROM geo_genius.areas_by_code_many(code_type, code_values);

-- Write
SELECT geo_genius.upsert_collection(key, name, description, requires_geometry);
SELECT geo_genius.upsert_area(collection_key, authority_key, area_type_key, code);
SELECT geo_genius.put_area_in_release(run_id, executor_id, area_key, centroid, data);
SELECT geo_genius.put_boundary(run_id, executor_id, area_key, source_release_id, geom);

-- Set writes: one call per batch, not one call per row. Each scalar write above
-- is its plural form called with one-element arrays.
SELECT geo_genius.upsert_area_many(run_id, executor_id, authority_keys, area_type_keys, codes);
SELECT geo_genius.put_area_in_release_many(run_id, executor_id, area_keys, centroids, data);
SELECT geo_genius.put_boundaries(
  run_id, executor_id, area_keys, source_release_ids, geometries, display_tiers, source_properties
);

-- Lifecycle
SELECT geo_genius.verify_release(release_id);
SELECT geo_genius.publish_release(release_id);
SELECT geo_genius.rollback_publication(collection_key);

-- Import
SELECT * FROM geo_genius.prepare_import(manifest, claim);
SELECT * FROM geo_genius.retry_failed(failed_run_id, manifest, claim);
SELECT geo_genius.claim_import_execution(run_id, executor_id);
SELECT geo_genius.advance_import(run_id, executor_id, next_status, metrics_patch);
SELECT geo_genius.verify_import(run_id, executor_id);
SELECT geo_genius.complete_import(run_id, executor_id, metrics_patch);
SELECT geo_genius.publish_import(run_id, executor_id);
Reads that need no resolution logic join the read views instead. They come in pairs: a
release_* base carrying every release, and a published_* view that is the base joined
to the publication pointer, so a pointer swap changes what all of them show at once:
	View	Contains
	release_areas	Every release_area membership row, published or not
	release_area_codes / release_area_names	Codes and names, one row per release carrying the area
	release_relations	Every relation edge, published or not
	published_areas	release_areas narrowed to the currently published release; includes retired areas
	published_area_codes / published_area_names	Codes and names for published areas
	published_area_relations	Relations among published areas
	published_boundaries	Boundary geometry for published areas

GeoGenius.Published is the Elixir surface over those views: read-only Ecto schemas
carrying every column, plus composable query functions (areas/1, children_of/2,
ancestors_of/2, areas_by_code/3, codes/1, names/1, relations/1) that return an
Ecto.Query a host joins and aggregates against its own tables. Use it for joins,
aggregates, set-keyed reads, and anything keyed on release_id; use GeoGenius and
GeoGenius.Query for spatial resolution, name search, and multi-level traversal. Its
:release_id option reads a release whether or not its collection publishes it, by
swapping every source in the query onto the release_* base views.
See guides/installation.md for what NULL measurement columns
on a relation row mean, why max_depth costs what it costs on a densely mutually-related
graph, why published_areas does not hide retired areas, and how to react to a publication
without polling.
Mix Tasks
	Task	Description
	mix geo_genius.setup	Generate the initial pinned host migration
	mix geo_genius.gen.migration	Generate one adjacent version-upgrade wrapper
	mix geo_genius.migration_sql	Render a pinned SQL transition for a host-owned migration
	mix geo_genius.check_schema	Verify the installed schema version (CI/deploy gate)
	mix geo_genius.uninstall	Print the DROP SCHEMA statement for a prefix; pass --yes to execute it
	mix geo_genius.import	Register a release from its manifest and enqueue its import
	mix geo_genius.publish	Publish a verified release
	mix geo_genius.rollback	Roll a collection back to its previous release; pass --yes to execute it
	mix geo_genius.status	Report import runs and what a collection currently publishes
	mix geo_genius.sweep_staging	Drop leaked per-run staging tables; pass --yes to execute it

Guides
	guides/installation.md — prefixes, the pinned wrapper,
upgrades, the destructive down migration, uninstalling, retired areas, measured versus
asserted relations, traversal depth on dense graphs, and reacting to publication
	guides/sql_api.md — every SQL function, grouped and with its
full parameter list
	guides/reading.md - the Elixir read layer: every read, shared
options, what %AreaMatch{} carries, and GeoGenius.Query
	guides/ingestion.md — the manifest, providers, adapters,
runners, the import phases, publication, and the operational mix tasks
	guides/projections.md — keeping a source's own columns in a
host-owned table keyed (release_id, area_key), and resolving the artifacts to fill it
from
	CHANGELOG — releases
	docs/design/geo-genius-design.md — the design spec:
what the catalog stores, why a release is immutable once published, and what the
library deliberately leaves to its host

Testing
mix test
mix check   # format check, compile --warnings-as-errors, credo --strict, doctor, test

Integration tests run real install and uninstall cycles against Postgres, at the default
prefix, at a custom one, and at a prefix that requires quoting. They are excluded from the
default run:
mix test --include integration

The migration wrapper the Mix tasks generate is covered by the default run, which needs no
database.
The SQL layer itself is covered by a pgTAP suite, run against the same database:
./test/pgtap/run.sh

Quality gates used by this repo:
mix quality   # compile --warnings-as-errors, deps.unlock --unused, format check, sobelow, ex_dna, doctor, credo --strict

License
MIT


  

    Installation and host integration

GeoGenius requires Ecto, Ecto SQL, Postgrex, and an already available PostgreSQL Repo with
PostGIS and pg_trgm. It does not provision or start a database, and it does not decide
where its own schema lives — that is a host decision, made once, at install time.
The supported Postgrex window is >= 0.20.0 and < 0.23.0. GeoGenius does not require a
host already locked to Postgrex 0.20 or 0.21 to override its dependency graph.
Prefixes are host-selected
Every GeoGenius object — tables, views, functions, the area_match composite type — installs
into one PostgreSQL schema, and the host names that schema. There is no default GeoGenius
would prefer over another: "geo_genius" is only the fallback value the tasks and the
:geo_genius application environment use when nothing more specific is given. A host with an
existing geo schema, a host running two GeoGenius-backed products in one database, or a host
that simply prefers a different name passes --prefix (mix tasks) or prefix: (application
config, SQL calls) and GeoGenius installs and runs there instead. The package's own SQL never
hard-codes a schema name — every reference in the shipped .sql files is a placeholder
($SCHEMA$) that EctoEvolver substitutes with the configured prefix before executing, table by
table and function by function, at migration time.
A prefix cannot be public, information_schema, pg_catalog, pg_toast, pg_temp, or
anything starting with pg_: mix geo_genius.uninstall drops the whole prefix schema, and
letting GeoGenius own one of those would risk dropping a schema PostgreSQL or the host's own
migrations depend on. Every mix task and the Elixir API validate the prefix against this
list and raise before touching the database.
Configure the Repo and prefix together so the Elixir API, the preflight check, and the mix
tasks all agree on where the schema lives:
# config/config.exs
config :my_app, ecto_repos: [MyApp.Repo]
config :geo_genius, repo: MyApp.Repo, prefix: "geo_genius"
:prefix must be set in config/config.exs, and never in config/runtime.exs.
GeoGenius.Query reads it at compile time through Application.compile_env/3, because
Ecto's fragment/1 requires its SQL to be a literal; Elixir then refuses to boot when the
value present at runtime differs from what the compile-time read recorded, and a :prefix
that first appears in runtime.exs differs from a compile-time read that found nothing even
when the value is the identical default string. :repo carries no such constraint and may
live in runtime.exs. A changed compile-time :prefix takes effect once :geo_genius is
recompiled, with mix deps.compile geo_genius --force.
This configuration feeds calls into the GeoGenius Elixir API and GeoGenius.Preflight. It
does not feed the mix tasks: mix geo_genius.setup, mix geo_genius.gen.migration,
mix geo_genius.check_schema, and mix geo_genius.uninstall all take --prefix explicitly
(defaulting to the literal "geo_genius" when omitted) and resolve --repo from the host's
:ecto_repos when not given. A host running at a non-default prefix passes --prefix on every
task invocation; setting it only under config :geo_genius will not reach the generators.
Registering providers
A manifest names the provider that reads its artifacts by a string key, and GeoGenius resolves
that key to a module through application config:
# config/config.exs
config :geo_genius, :providers, %{"acme" => MyApp.AcmeProvider}
The package ships three provider modules, registered under "geojson", "csv", and
"shapefile". Host registrations merge on top of those, so config :geo_genius, :providers
adds keys of the host's own and, under a shipped key, replaces the module that key resolves to.
A provider module may export required_options/0, returning the list of options keys its
manifests must carry; manifest validation rejects a manifest missing any of them. A provider
that does not export it requires no options. The shipped "geojson" provider requires
"area_type" and "code_property", "csv" requires "area_type" and "code_column", and
"shapefile" delegates to "geojson".
Resolution fails loudly rather than quietly. An unregistered key names the keys that are
registered, the shipped ones always among them:
GeoGenius provider "acme" is not a known provider; known providers are csv, geojson, shapefile
and a key registered against a module that does not load is reported as the configuration error
it is, rather than being read as a provider carrying no requirements, which would have made
validation accept every options block written for it:
GeoGenius provider "acme" is registered as MyApp.AcmeProvider, which does not load. Check the
module name in config :geo_genius, :providers, and that the module is compiled into this build.
Asynchronous imports need no configuration
GeoGenius.import/1 picks a runner backend through GeoGenius.Runner.configured/1: a
Task.Supervisor this package starts on its own, then GeoGenius.Runners.Inline, which runs the
import in the calling process and blocks it for the import's full duration. PgFlow is never selected
automatically merely because another workflow started it; imports have no fixed upper bound, so a
host opts into that backend explicitly after choosing an appropriate compile-time job deadline.
Set a positive :pgflow_job_timeout_seconds before compiling GeoGenius, generate and apply the
GeoGenius.Runners.PgFlow.Job migration, and keep each import's effective
stale_after_seconds below that deadline. PgFlow and GeoGenius must use the same Repo; the runner
checks that alignment and the stored flow/step timeout before it accepts work. :geo_genius
starts an execution-guardian supervisor and, unless the host configured its own task supervisor, a
Task.Supervisor registered as GeoGenius.TaskSupervisor. Without that task supervisor, a host
that has not wired up its own falls through to Runners.Inline, and a national vintage takes hours
to import synchronously in whatever process called GeoGenius.import/1. When the host configures
:task_supervisor, the package omits only its own task supervisor; the execution guardian remains.
Nothing needs to be configured for this — but the default's shutdown ordering is backwards, and a
host that cares about it should configure the override below rather than live with that.
Applications stop in the reverse of the order they started, and :geo_genius starts before its
host, so it stops after it: on System.stop/1, the host's own tree — Repo included — finishes
stopping first, and only then is the library's own supervisor told to stop. An import task still
running at that moment keeps running against a Repo that is already gone for the entire length of
the host's own shutdown, its calls failing repeatedly against a connection that no longer exists.
The fix is the override, placed correctly:
config :geo_genius, :task_supervisor, MyApp.TaskSupervisor
with MyApp.TaskSupervisor started under the host's own supervision tree, listed after
MyApp.Repo in that tree's children list. Supervisors stop children in the reverse of their start
order, so a later-listed TaskSupervisor stops — and every task under it is killed — before
Repo does, instead of after. This is the only supervision arrangement whose shutdown ordering is
actually correct for a host running import work under this backend, and this library cannot arrange
it from the outside. The configured name takes precedence over the library's own supervisor
whenever it is set, whether or not it is actually running (more on what that means below), and
when it is set, the library skips starting its own task supervisor, so a host that placed one
of its own is never left with an idle, unreachable second task supervisor. GeoGenius still starts
its execution-guardian supervisor because it monitors every runner backend.
Killing a task this way is still not graceful: a Task does not trap exits, so it dies wherever it
happens to be and cannot clean up its staging table. The separate execution guardian monitors the
task. Under the host-owned ordering, the task dies while the guardian and Repo remain alive, and
the guardian records a durable failure with the exact executor identity before the Repo stops.
Under the package-owned default, the host Repo has already stopped when the dependency application's
task eventually dies, so the guardian may be unable to persist that outcome. Whole-VM or whole-node
loss likewise leaves no local guardian alive. In those cases a stale heartbeat is diagnostic only:
it does not transfer ownership, and an operator must fail the abandoned attempt explicitly before
starting a replacement with GeoGenius.retry_failed/2. The failed run, manifest, artifact
observations, and error remain immutable evidence. A host that needs queued work to survive a VM
restart uses a durable runner such as PgFlow; the guardian covers executor-process death, not queue
durability.
A host can list the pids of tasks running under either supervisor with Task.Supervisor.children/1
— bare pids, not run ids, and, under the override, potentially mixed with any unrelated tasks the
host started under that same supervisor itself. A host that wants to see actual import runs queries
import_run (or GeoGenius.status/2) instead.
A configured but never-started :task_supervisor is still selected, not silently downgraded.
GeoGenius.Runner.configured/1 picks Runners.Task whenever :task_supervisor names anything at
all, even a name nothing has registered — a typo, or a supervisor the host has not started yet.
The alternative would be worse: falling back to Runners.Inline and blocking the caller for the
length of a national import, silently, with no indication the configured supervisor was never
reached. Instead GeoGenius.import/1 returns {:error, %GeoGenius.EnqueueError{}} carrying the
run id, :not_enqueued certainty, and a reason naming the configured module—the same result it
would return if :runner were pinned to Runners.Task directly. This only ever surfaces for a
host that set :task_supervisor and has not (yet) started it; a host running with no configuration
at all always resolves to the library's own, genuinely running supervisor.
Tests need no different treatment for this default: see
"Runners.Task needs no sandbox setup, with two real caveats"
under Ecto.Adapters.SQL.Sandbox, below, for why.
The pinned wrapper, and why it is committed
mix geo_genius.setup does not install anything itself. It generates one ordinary,
host-owned Ecto migration file through the host's own mix ecto.gen.migration, then rewrites
that file's up/down bodies to call GeoGenius.Migration.up/1 and
GeoGenius.Migration.down/1 pinned to the exact prefix and version requested:
mix geo_genius.setup --repo MyApp.Repo --prefix geo_genius

* creating priv/repo/migrations/20260825120000_setup_geo_genius.exs
Generated GeoGenius setup migration: priv/repo/migrations/20260825120000_setup_geo_genius.exs

defmodule MyApp.Repo.Migrations.SetupGeoGenius do
  use Ecto.Migration

  def up, do: GeoGenius.Migration.up(prefix: "geo_genius", version: 1)

  def down, do: GeoGenius.Migration.down(prefix: "geo_genius", version: 0)
end
Commit this file. It is the host's record of exactly which GeoGenius schema version is
installed at exactly which prefix, and it runs through the host's own mix ecto.migrate like
any other migration — GeoGenius never runs a migration on the host's behalf. Because the prefix
and version are baked into the file rather than read from configuration at migrate time, a
later change to config :geo_genius, prefix: cannot silently redirect an already-applied
migration at a different schema, and a later GeoGenius release cannot silently change what an
already-committed migration does.
Pass --with-extensions when the migrating role has the privilege to run CREATE EXTENSION,
and the generated wrapper's up/0 will issue CREATE EXTENSION IF NOT EXISTS postgis and
CREATE EXTENSION IF NOT EXISTS pg_trgm before installing the schema. Without the flag, PostGIS
and pg_trgm must already exist — install them yourself, as a privileged role, before running
mix ecto.migrate.
The extensions being installed in the database is not enough on its own: the host's Repo also
has to be able to decode what they produce. GeoGenius reads and writes geometry as Geo
structs, not WKT/EWKT text, so the Repo needs a Postgrex types module registering
Geo.PostGIS.Extension. GeoGenius.Preflight (see the README's Usage section) checks this at
startup, alongside the extensions and schema version, and fails boot with a remedy if it is
missing. GeoGenius ships GeoGenius.PostgresTypes for a host with no types module of its own:
# config/config.exs
config :my_app, MyApp.Repo, types: GeoGenius.PostgresTypes
A host with its own types module adds Geo.PostGIS.Extension to it instead of switching to
GeoGenius.PostgresTypes:
Postgrex.Types.define(
  MyApp.PostgrexTypes,
  [Geo.PostGIS.Extension] ++ Ecto.Adapters.Postgres.extensions(),
  json: Jason
)
See reading.md for what fails, and how,
when this is skipped.
mix geo_genius.setup --repo MyApp.Repo --prefix geo_genius
mix ecto.migrate
mix geo_genius.check_schema --repo MyApp.Repo --prefix geo_genius

mix geo_genius.check_schema is read-only. It starts the selected Repo, compares both the
installed schema version and the content-addressed schema contract against the loaded package,
and exits non-zero on a mismatch — usable as a CI or deploy gate. GeoGenius.Preflight performs
the same contract check at startup. Neither surface creates, repairs, or migrates anything.
Returning a pre-production install
GeoGenius publishes one current schema contract, at version 2. A schema installed at version 1
from this package upgrades in place -- see Upgrades -- and this section is not about
that. There is no in-place reconciliation API, generated reconciliation SQL, or compatibility edge
between earlier development snapshots that also called themselves version 1. A database installed
from an older snapshot must be returned and installed again from the current package.
This policy is destructive and is only appropriate while the catalog is reproducible from its
reviewed manifests and checksummed source artifacts. Before returning the migration, confirm that
no irreplaceable data or unrelated objects live under the selected prefix. Then use the host's own
migration system:
mix ecto.rollback --repo MyApp.Repo --step 1
mix deps.update geo_genius
mix ecto.migrate --repo MyApp.Repo
mix geo_genius.check_schema --repo MyApp.Repo --prefix geo_genius

The rollback must target the host-owned GeoGenius setup migration. If later migrations depend on
it, return those migrations in their normal reverse order first. A SQL-first host applies the
rendered 1 -> 0 transition from the package version that installed the schema, updates the
dependency, renders the current 0 -> 1 transition, and applies that as a new host-owned
migration. Do not edit an already-deployed production migration in place.
GeoGenius.Preflight and mix geo_genius.check_schema remain read-only gates: they report that an
older or drifted install is incompatible, but never repair it. Once GeoGenius has a production
schema history, changes will ship as adjacent versioned migrations rather than by extending this
pre-production reinstall policy.
Hosts that keep migrations as SQL
A host that uses Hasura, Flyway, or another SQL-first migration system can render the exact
GeoGenius transition it intends to apply without starting a Repo or issuing any database query:
mix geo_genius.migration_sql --prefix geo_genius --from 0 --to 1 > priv/hasura/migrations/20260831_install_geo_genius/up.sql

--prefix, --from, and --to are all required. The task writes only SQL to standard output,
so redirect it into the migration file that the host's own migration tool will apply. This
package renders the consolidated v1 install (0 to 1), the adjacent 1 to 2 upgrade and its
reverse, the combined 0 to 2 install, and the matching uninstalls.
The renderer validates that both versions are in the package's supported range, preserves the
shipped version-file order, substitutes the escaped PostgreSQL identifier for $SCHEMA$, removes
the internal statement separators, and emits the same version-view comment that the Ecto
migration path records. It neither starts a Repo nor executes the rendered SQL.
Commit the rendered SQL file with the host migration. Treat it as immutable deployment input:
a later GeoGenius package upgrade can add newer version files, but it must not rewrite what a
previously committed host migration installs or rolls back. Review the generated diff before
commit, particularly when using a prefix that PostgreSQL needs to quote.
Testing with Ecto.Adapters.SQL.Sandbox
Ecto hosts run their suites with the Repo pooled through Ecto.Adapters.SQL.Sandbox, which
wraps each test in a transaction and rolls it back. Four things about GeoGenius are worth knowing
inside that transaction: three change shape and need a decision from the host, and one — the
runner default — turns out to need no setup at all.
Preflight skips itself, and how to run it anyway
GeoGenius.Preflight belongs in application.ex, which means the supervisor starts it from a
process that owns no sandbox connection. In the sandbox's :manual mode its verification query
would raise DBConnection.OwnershipError, start_link/1 would raise, Application.start/2
would fail, and every test in the suite would error before its first setup block. So a Repo
configured with the sandbox pool skips the check: start_link/1 returns :ignore without
querying, and nothing else in the child spec changes.
Nothing verifies the test database in exchange, so verify it from test/test_helper.exs, where
a connection is available. One line is enough, and it fails the run with the same remedy
Preflight would have printed at boot:
# test/test_helper.exs
:ok = GeoGenius.verify!(MyApp.Repo, prefix: "geo_genius")

ExUnit.start()
Ecto.Adapters.SQL.Sandbox.mode(MyApp.Repo, :manual)
The order is the whole point. A sandbox pool starts in :auto mode, where each query checks a
connection out and back in by itself, so verify!/2 runs normally there. After
Sandbox.mode/2 sets :manual, the test_helper process owns no connection, and the same call
raises DBConnection.OwnershipError — the failure this section exists to prevent, moved from
application.ex into test_helper.exs.
A host that has to verify after :manual is set checks a connection out around the call:
Ecto.Adapters.SQL.Sandbox.mode(MyApp.Repo, :manual)

:ok = Ecto.Adapters.SQL.Sandbox.checkout(MyApp.Repo)
:ok = GeoGenius.verify!(MyApp.Repo, prefix: "geo_genius")
:ok = Ecto.Adapters.SQL.Sandbox.checkin(MyApp.Repo)
Passing enabled?: true in the child spec overrides the skip and runs the check from the
supervisor, which is correct only for a Repo the host has arranged to be checked out there.
enabled?: false skips it for any Repo, sandboxed or not.
Publication and import tests are async: false
publish_release, rollback_publication, retire_releases, rebuild_relations,
prepare_import, and retry_failed each take a pg_advisory_xact_lock keyed on the collection
or release they touch. Outside a transaction that lock is released when the statement commits,
which is what the design intends: two publishes of the same collection serialize for the length
of one statement.
Inside the sandbox the statement is part of the test's transaction, so the lock is held until
the test checks its connection back in. Two async: true tests publishing the same collection
then block each other for their full duration, and two tests that take the same pair of locks in
opposite orders — one publishing A then B, the other B then A — deadlock, which PostgreSQL
reports as a 40P01 error on whichever it chooses to abort.
Mark every test that publishes, rolls back, retires, rebuilds relations, or begins an import
async: false. Tests that only read the catalog are unaffected and stay async: true.
defmodule MyApp.PublicationTest do
  use MyApp.DataCase, async: false
end
Every import test needs this async: false for the advisory-lock reason above, independent of
which runner it exercises. A host that also needs
shared mode for the $callers caveat
below needs async: false for that too, since shared mode is a Repo-global setting.
Staging tables do not survive the test
create_staging issues CREATE TABLE, and PostgreSQL rolls DDL back with the transaction like
any other statement. A staging table created in one test is gone by the next, and
drop_staging has nothing to clean up. Build and read the staging table inside the same test
that created it, rather than in a setup_all or across tests.
Runners.Task needs no sandbox setup, with two real caveats
GeoGenius.Runners.Task runs the import in a process the sandbox's :manual mode never checked
a connection out to directly — and that turns out not to matter. Task.Supervisor.start_child/2
has seeded the spawned process's $callers since Elixir 1.8, and Ecto.Adapters.SQL.Sandbox —
built on DBConnection.Ownership — walks that list to find an owner: a process whose $callers
chain leads back to the sandbox owner (or to a process the owner allowed) inherits the
checked-out connection automatically. A call to GeoGenius.import/1 from inside an ordinary
sandboxed test, with no Sandbox.allow/3 and no shared mode, spawns a task that queries
successfully and — provided the test waits for it, the second caveat below — runs the import to
completion, because the task's $callers chain leads straight back to the process holding the
checkout. This is documented Ecto behaviour — "Callers lookup" in DBConnection.Ownership's
moduledoc, "Caller Tracking" in Ecto.Adapters.SQL.Sandbox's — not an accident of this library's
own code, and it holds for both the explicit-checkout shape shown throughout this guide and the
allowance shape a generated Phoenix DataCase uses.
$callers is the entire boundary, and only the Task family seeds it — Task.async/1,
Task.start/1, and the Task.Supervisor functions. spawn/1, GenServer.start_link/3,
Supervisor.start_child/2, and everything else proc_lib starts set $ancestors instead, a
different entry DBConnection.Ownership never reads. Being started by the sandbox owner is
not enough: a GenServer the test process starts itself has the test pid at the head of its
$ancestors, a $callers of nil, and a first query that raises DBConnection.OwnershipError.
What inherits is exactly a process reached from the owner through an unbroken chain of
Task-family spawns — which is what Runners.Task starts, and why it needs nothing.
The first caveat follows from that boundary: it only works while GeoGenius.import/1 is
actually called from the sandbox owner, or from a process whose $callers leads back to it. A
host that enqueues an import from a long-lived GenServer, from Runners.PgFlow (whose worker
does not spawn through a call chain rooted in the test process at all), or from anywhere else
$callers does not lead back to the owner needs the ordinary Ecto remedies for that case —
Sandbox.allow/3 naming that process explicitly, or Sandbox.mode(Repo, {:shared, self()}),
which is a Repo-global setting and so also needs
async: false, like every import test already
does. These are the same two tools a host would already reach for to let any other async work
from such a process see its test data, nothing specific to this library.
The second caveat: the task only ever borrows the test's checkout, so the test must wait for
the import to finish. enqueue/3 returns immediately, and a test that enqueues and returns
without waiting checks its connection back in and rolls its transaction back; the still-running
task's next query then raises DBConnection.OwnershipError — logged as a crashed task while
ExUnit reports the test green, with any later assertion reading catalog state the import never
got to write. Poll import_run (or GeoGenius.status/2) to a completed or failed status
before the test returns. Shared mode does not rescue an abandoned import either: the pool
resets to :manual the moment the sharing owner's checkout goes down, which is exactly when
the test ends.
Upgrades
When a later GeoGenius release ships an adjacent schema version, follow that release's migration
notes to generate and review its own pinned wrapper, then migrate normally. Only one adjacent
transition (to = from + 1) is accepted per invocation; there is no multi-version jump. Back up
the database before running an upgrade migration, the same as before any other schema change.
Version 2 is the first such upgrade. It replaces put_boundary and put_boundaries so both
repair the display geometry they derive, and touches no table, view, index, or datum otherwise; a
schema already at version 1 keeps every row it holds. An Ecto host generates the wrapper:
mix geo_genius.gen.migration --repo MyApp.Repo --prefix geo_genius --from 1 --to 2
mix ecto.migrate
mix geo_genius.check_schema --repo MyApp.Repo --prefix geo_genius

A SQL-first host renders the same transition, and its reverse, and commits both with the host
migration that applies them:
mix geo_genius.migration_sql --prefix geo_genius --from 1 --to 2 > up.sql
mix geo_genius.migration_sql --prefix geo_genius --from 2 --to 1 > down.sql

Both directions are CREATE OR REPLACE FUNCTION over the two boundary writes plus the two marker
views, so either can be applied to a live schema. Upgrade before the next import: a version 1
schema rejects a boundary whose quantized display geometry is invalid, failing the whole run.
The down migration drops the schema, and that is deliberate
GeoGenius's down is destructive within its own objects: it drops every table, view, function,
and type it created, in reverse dependency order. It then drops the schema itself, but only if
nothing else remains in it - GeoGenius can be installed into a schema the host already uses for
something else, and a CASCADE there would take the host's unrelated tables down with it. The
drop it issues is DROP SCHEMA "<prefix>" RESTRICT, guarded by a check of pg_class, pg_proc,
and pg_type for the prefix's namespace; if that check finds any object GeoGenius did not just
drop, it raises a NOTICE naming how many objects remain and leaves the schema in place instead.
This is acceptable specifically because GeoGenius's own data is not authored, it is derived.
Everything in the catalog — areas, boundaries, relations, published releases — is built from
source releases and artifacts recorded with a checksum and expected size, so a rolled-back
install can always be reproduced by re-running the same import against the same manifest. A
library holding data a host typed in by hand would need a more conservative rollback; GeoGenius
does not, because nothing in it is a copy of one.
Back up before running a rollback in production anyway. mix ecto.rollback is a normal command
a deploy tool can invoke at the wrong target by mistake, and a backup is the recovery path for
that mistake, not for GeoGenius's own behavior.
Uninstalling directly
mix geo_genius.uninstall runs directly against the Repo rather than through Ecto.Migrator —
routing it through the migrator would write a fabricated version row into the host's
schema_migrations table for a migration that was never actually run forward that way. Unlike
the down migration, it drops the prefix schema unconditionally with DROP SCHEMA IF EXISTS <prefix> CASCADE, taking anything else in that schema with it. By default it only prints the
statements for review:
mix geo_genius.uninstall --repo MyApp.Repo --prefix geo_genius

-- Review carefully before running. This destroys all GeoGenius data at this prefix.
DROP SCHEMA IF EXISTS "geo_genius" CASCADE;
DELETE FROM schema_migrations WHERE version IN (20260825120000);

Pass --yes to actually execute it. Dropping the schema alone would leave the host's setup
migration recorded as applied, which makes mix ecto.migrate skip reinstalling it on a later
run. So mix geo_genius.uninstall also deletes the host's schema_migrations row for the
*_setup_geo_genius.exs wrapper it finds in the migrations directory, alongside the schema.
The wrapper file itself stays on disk, so mix ecto.migrate alone reinstalls the catalog from
scratch; mix geo_genius.setup refuses to run again while that file is there, raising
GeoGenius setup migration already exists in <path> rather than generating a second wrapper
for the same install. If no setup wrapper is found, uninstall prints a comment noting that no
row was removed instead of a DELETE statement.
Hosts own their own projections
A host that only ever reads through the published_* views (see the SQL API table in the
README) does not need to build anything of its own: joining those views inside
the host's own queries is the whole integration. A host that instead materializes a projection
of the catalog into its own tables — copying area names into a search index, denormalizing
codes into a lookup table, caching boundaries for a tile server — owns that projection and its
refresh entirely. GeoGenius does not know that projection exists and cannot invalidate it.
Retired areas
published_areas includes retired areas, carrying their retired_at timestamp, rather than
filtering them out. This is deliberate: a retired area must stay addressable, because a host
may hold a saved reference to it (a stored area_key, a foreign key, an old export) that has to
keep resolving, and a retired area may declare a successor_id a host wants to follow. The
resolution functions (resolve, areas_for_point, areas_by_code, search_areas, areas_near,
children_of, ancestors_of, related_areas) apply an active-only default themselves, through
an include_retired boolean DEFAULT false parameter — call them with no arguments beyond the
required ones and retired areas are already excluded.
A host that joins published_areas directly, instead of going through a resolution function,
gets retired areas too, and must add WHERE retired_at IS NULL itself to see only active ones.
Counting areas through the view without that filter is the obvious way to get this wrong -
the count will include areas the collection considers gone.
published_area_codes, published_area_names, and published_boundaries carry no
retired_at column of their own - each reaches area_code, area_name, or boundary on
area_id, and retirement state is not among the columns that join carries forward.
WHERE retired_at IS NULL applied directly to one of these three fails with
undefined_column. Exclude retired areas from any of them by joining back to
published_areas (or to geo_genius.area) and filtering there instead. Join on
release_id as well as area_id: the release-scoped bases behind these views carry every
release, so area_id alone is not a unique row there.
SELECT codes.*
  FROM geo_genius.published_area_codes codes
  JOIN geo_genius.published_areas areas
    ON areas.area_id = codes.area_id
   AND areas.release_id = codes.release_id
 WHERE areas.retired_at IS NULL;
Measured versus asserted relations
A relation row's intersection_area_m2, parent_coverage, and child_coverage columns hold
either a geometry-measured value or NULL. NULL on those three columns is the entire
convention for "this relation was asserted, not measured" — nothing else on the row marks it,
and it is only legible to a reader who has been told.
rebuild_relations populates all three when it derives relations from boundary overlap:
intersection_area_m2 is the measured overlap area, and parent_coverage/child_coverage are
that area as a fraction of each side's own area. put_relation records a relation asserted from
source data instead — a parent column in an import file, for example, where no polygon exists to
measure against — and leaves all three NULL deliberately; there is nothing to measure. Both
paths write the same relation_type values (contains, mostly_contains, overlaps) and the
same relation table, and every traversal function (children_of, ancestors_of,
related_areas) walks both alike: none of the three filters on the measurement columns, so a
purely asserted reference hierarchy with no polygons anywhere traverses exactly like a measured
one.
Rerunning rebuild_relations deletes and re-derives only geometry-measured relations (those
where intersection_area_m2 IS NOT NULL); it never touches a relation put_relation recorded.
An asserted reference hierarchy survives a rebuild intact, and a release that mixes both kinds
keeps its asserted rows exactly as written no matter how many times the measured ones are
rebuilt from updated boundaries. A CHECK constraint on relation requires the three
measurement columns to be all present or all absent - a row with, say, intersection_area_m2
set but parent_coverage left NULL is rejected with SQLSTATE 23514 rather than stored
half-measured.
A host reading parent_coverage (or either of the other two) directly must treat NULL as "not
measured," not as "zero" or "unknown-but-probably-high" — a NULL there says only that the row
came from put_relation.
Traversal depth on dense graphs
children_of and ancestors_of default max_depth to 1 — a call with no max_depth argument
returns only direct children or direct parents, not a full descent. Raising it is safe and cheap
on an ordinary hierarchy, where relations run from a lower-ranked type to a higher-ranked one
(state → county → tract) and each area has few parents and children. It is not free on a densely
mutually-related graph, and the cost has a specific, measured shape worth knowing before raising
max_depth on one.
The recursive walk tracks a visited array per branch, not globally, so on a graph where many
areas mutually overlap each other, the same node can be re-reached along every distinct
permutation of the nodes visited so far before the outer DISTINCT ON collapses duplicates at
the end. On a synthetic 8-node complete digraph (every area asserted overlaps with every
other, the densest possible graph at that size), children_of from one node measured:
	max_depth	wall time	final result rows	raw recursive-term rows (pre-dedup)
	3	6.156 ms	7	259
	5	13.045 ms	7	3,619
	10	52.304 ms	7	13,699

The final, de-duplicated result is correct and stable at 7 (every other node, exactly once)
regardless of max_depth — raising it past the point where the graph is fully explored does not
change the answer. But the raw row count the recursion produces along the way grows combinatorially
with depth (a falling factorial in the branching factor), and wall time tracks it: roughly double
from depth 3 to 5, roughly quadruple from depth 5 to 10. At 8 nodes this is unremarkable in
absolute terms; a collection with tens or hundreds of densely mutually-overlapping areas at a
similarly generous max_depth would see the same growth curve produce a much larger number.
Keep max_depth small (the default of 1, or a deliberately chosen small value) on collections
where areas relate to many other areas of the same or similar rank, and raise it freely on
strictly-ranked hierarchies where each area has few relations either direction.
Reacting to publication
A host that only ever joins the published_* views needs no notification mechanism at all.
publish_release and rollback_publication swap one row in the publication table, and every
published_* view resolves through that pointer, so the swap changes what every view returns
atomically, under ordinary MVCC visibility, with no cache to invalidate and no refresh step to
run.
A host that materialized its own projection is different: it needs to know a swap happened so
it can refresh. The contract for that is the durable publication_event table. Every
publish_release and rollback_publication call appends one row there, carrying the
collection, the new and previous release, an event kind ('published' or 'rolled_back'),
and a monotonic sequence column a poller can track a cursor against.
GeoGenius itself emits no pg_notify. Two reasons, both structural rather than incidental:
	Channel and payload are integration policy, not library policy. A NOTIFY channel name
and payload shape are choices that belong to whatever is consuming the event, and different
hosts consuming the same GeoGenius installation would want different ones.
	NOTIFY cannot be relied on to arrive. It is session-scoped: a listener that was not
connected and listening at the moment of the notify never sees it, so a host process that was
mid-restart when a release published would silently miss the signal. It is also invisible
through a transaction-mode connection pooler (PgBouncer in transaction mode, for example),
which many production Postgres deployments sit behind for exactly the pooling properties they
need elsewhere. A durable table survives both; a session-scoped notification survives neither.

A host that wants a live signal builds its own trigger on publication_event, choosing its own
channel and payload:
CREATE FUNCTION my_app_geo_published() RETURNS trigger
LANGUAGE plpgsql AS $$
BEGIN
  PERFORM pg_notify('my_app_geo', NEW.collection_id::text);
  RETURN NULL;
END;
$$;

CREATE TRIGGER my_app_geo_published
AFTER INSERT ON geo_genius.publication_event
FOR EACH ROW EXECUTE FUNCTION my_app_geo_published();
Because this trigger runs inside the same transaction that inserted the publication_event row
(the same transaction publish_release or rollback_publication ran in), it keeps
commit-then-deliver ordering: nothing is notified until the publication itself has committed.
A poller reading publication_event instead of listening has one caveat to account for:
sequence is a GENERATED ALWAYS AS IDENTITY value assigned when the row is inserted, which is
before that row's transaction commits. Two concurrent publications can therefore commit out of
sequence order, so a poller querying WHERE sequence > $last_seen can briefly observe a gap —
sequence 41 visible, 42 not yet, 43 already there — that fills in a moment later when the
still-in-flight transaction holding 42 commits. Treat the highest contiguous sequence value
seen so far as the watermark, or poll with a small deliberate lag, rather than treating the
single highest value observed as an immediate cursor.
A host that wants the release that was published at a specific past moment, rather than
reacting to the live pointer, does not need to reconstruct that from publication_event by
hand: geo_genius.release_at(collection_key, as_of) returns the release id a collection had
published as of that timestamp (or NULL if it had published nothing yet), ready to pass
straight in as a resolution function's target_release_id. See
guides/sql_api.md.


  

    Reading the catalog

GeoGenius wraps the SQL functions described in sql_api.md in typed
Elixir functions: ten reads that return [%GeoGenius.AreaMatch{}] (or, for
release_at/2, a bare release id). Two composable query APIs sit alongside them:
GeoGenius.Published, read-only Ecto schemas over the published_* views, which is
where joins, aggregates and set-keyed reads belong; and GeoGenius.Query, the same
SETOF functions shaped as a query, for the traversal and search a view has no form for.
This guide covers all three.
Everything here reads a published catalog. Getting data into one is the other half, and
it has its own guide: ingestion.md covers manifests, providers, the
import pipeline, and publication. A host that would rather load the catalog by hand calls
the SQL write functions in sql_api.md directly, the way the README's Usage
section does.
Configuring the Repo to decode geometry
Every read that touches geometry - a centroid on every match, a polygon argument to
areas_for_geometry/2 - crosses the wire as a Geo struct, not WKT/EWKT text. That only
works if the host's Repo is configured with a Postgrex types module that registers
Geo.PostGIS.Extension. GeoGenius.Preflight checks this at startup and fails host
boot, with a remedy, when it is missing - a host never discovers this by way of a first
query failing later.
GeoGenius ships GeoGenius.PostgresTypes for a host with no types module of its own:
# config/config.exs
config :my_app, MyApp.Repo, types: GeoGenius.PostgresTypes
A host that already defines its own types module adds Geo.PostGIS.Extension to it
instead and points the Repo at that module:
Postgrex.Types.define(
  MyApp.PostgrexTypes,
  [Geo.PostGIS.Extension] ++ Ecto.Adapters.Postgres.extensions()
)
GeoGenius.PostgresTypes passes no :json option, so Postgrex resolves the JSON library
from config :postgrex, :json_library (Jason by default). GeoGenius depends on Jason and
decodes its own manifest files with it, but it never passes that choice to Postgrex: codes
and attributes are the host's data, so a host on Elixir 1.18 or later that configured the
built-in JSON keeps it. Those two columns are jsonb and appear in every read's projection,
so GeoGenius.Preflight probes a jsonb decode as well as a geometry one; a Repo that cannot
do either fails at boot rather than on its first read.
Without one or the other, GeoGenius.Preflight raises GeoGenius.PreflightError naming
the Repo and the missing capability, rather than letting the host boot into a Repo that
will disconnect the first time a read decodes a geography column.
The shared option keys
Every read takes opts last. These keys repeat across the reads that accept them, with
the same meaning and the same default everywhere:
	Option	Meaning	Default
	:collections	Restrict to these collection keys	no filter
	:types	Restrict to these area type keys	no filter
	:release_id	Read a specific release instead of the currently published one	published release
	:include_retired	Include retired areas	false
	:limit	Row cap on areas_near/4 and search_areas/2; nil for none	50
	:classifications	Restrict traversal to these relation_type values	no filter
	:max_depth	Depth on children_of/2 and ancestors_of/2	1
	:parent_area_key	Scope areas_by_code/3 to one area's descendants	no scope
	:parent_max_depth	How far :parent_area_key reaches	1
	:strategies	Restrict or reorder resolve/2's cascade	all, in order
	:collection	Required by release_at/2; which collection to look up	none, required

Two more keys are accepted everywhere but are not catalog options: :repo and :prefix
override the Repo and schema GeoGenius.Context.new/1 would otherwise resolve from
config :geo_genius, repo: ..., prefix: .... A :release_id accepts either shape a
caller can hold one in: the hyphenated string every read projects and release_at/2
returns, or the sixteen raw bytes Postgrex binds a uuid parameter to.
The reads
areas_for_point/3
Areas whose boundary covers a point. Longitude first.
GeoGenius.areas_for_point(-97.75, 30.5)
areas_for_geometry/2
Areas overlapping a polygon, with the measured overlap of each. Takes a %Geo.Polygon{}
or %Geo.MultiPolygon{} bound directly, no WKT round trip:
polygon = %Geo.Polygon{
  coordinates: [[{-97.9, 30.4}, {-97.6, 30.4}, {-97.6, 30.6}, {-97.9, 30.6}, {-97.9, 30.4}]],
  srid: 4326
}

GeoGenius.areas_for_geometry(polygon)
areas_near/4
Areas within a radius of a point, nearest first. Accepts :limit.
GeoGenius.areas_near(-97.75, 30.5, 50_000.0, limit: 5)
areas_by_code/3
Areas carrying an external code. Always returns a list: a code is unique only within a
parent, so more than one area can legitimately carry the same code outside any scope.
:parent_area_key and :parent_max_depth narrow the lookup to one area's descendants.
GeoGenius.areas_by_code("fips", "48201")

GeoGenius.areas_by_code("fips", "48201", parent_area_key: "census:state:48")
search_areas/2
Areas ranked by trigram name similarity. Accepts :limit.
GeoGenius.search_areas("travis", limit: 10)
resolve/2
Cascades containment, code, name, and proximity in order against one JSON-shaped input,
returning the first strategy that matched. :strategies constrains or reorders which are
attempted.
The input carries whatever the caller holds: lon and lat together, code_type and
code_value together, name, and radius_m for the proximity strategy. parent_area_key
is not a signal of its own; it scopes the code and name strategies to one area's
descendants, and containment and proximity ignore it because a coordinate already
identifies a place.
GeoGenius.resolve(%{"code_type" => "fips", "code_value" => "48201"})

GeoGenius.resolve(%{
  "code_type" => "slug",
  "code_value" => "washington",
  "parent_area_key" => "census:state:42"
})
children_of/2
Areas below this one. Defaults to direct children only; raise :max_depth for a deeper
descent (see Traversal depth on dense graphs
before raising it on a densely mutually-related collection).
GeoGenius.children_of("census:state:48", types: ["county"])
ancestors_of/2
Areas that contain this one. Same options and depth behavior as children_of/2.
GeoGenius.ancestors_of("census:county:48201")
related_areas/2
Areas related to this one, one level out, in either direction. Accepts
:classifications to filter by relation_type.
GeoGenius.related_areas("census:county:48201", classifications: ["overlaps"])
Resolving many seeds in one call
children_of/2, ancestors_of/2, related_areas/2, and areas_by_code/3 each answer for
one seed, so answering for a list costs one round trip per element. Each has a plural
sibling taking a list where the singular takes a string:
	Plural read	Seeds are	Singular it answers for
	children_of_many/2	area keys	children_of/2
	ancestors_of_many/2	area keys	ancestors_of/2
	related_areas_many/2	area keys	related_areas/2
	areas_by_code_many/3	code values	areas_by_code/3

Each takes the same options as the singular beside it and returns
%GeoGenius.SeededMatch{} rather than %GeoGenius.AreaMatch{}: a result mixes rows from
every seed, so each row carries the seed that produced it in :seed_key and the ordinary
%AreaMatch{} in :match.
GeoGenius.children_of_many(county_keys, types: ["city"])
|> Enum.group_by(& &1.seed_key, & &1.match)
The plural result for [a, b] is exactly the singular results for a and then for b,
concatenated in the order the seeds were given. A seed that matched nothing contributes no
rows rather than one row of nils, so a caller needing every seed represented supplies its
own default. An empty list returns [] in one call; nil is an error, the way a nil
singular seed is, and so is a nil element inside the list -- a silently skipped element
would lose one seed out of thousands without a trace.
What this saves is round trips, not per-seed work: the SQL still runs the singular read
once per seed. Measured against 1,000 seeds over a 4,000-area release on a loopback
connection, 1,000 children_of/2 calls took 445ms and one children_of_many/2 call took
52ms; inside the database, with no round trips in either, the same work took 51ms and 37ms.
Essentially all of the difference is the protocol, which is also why the gap widens on a
database that is not on localhost.
Neither shape lets the planner push a predicate into the read -- these are SETOF plpgsql
functions. A caller joining catalog areas against its own tables, or aggregating over them,
wants GeoGenius.Query instead of either.
release_at/2
The release a collection had published as of a moment, or nil if it had published
nothing yet. Requires :collection. Reads take a :release_id, not a timestamp, so this
is how a caller holding a timestamp gets one:
release_id = GeoGenius.release_at(~U[2026-01-15 00:00:00Z], collection: "us_counties")
GeoGenius.areas_for_point(-97.75, 30.5, release_id: release_id)
The hyphenated string release_at/2 returns is exactly what every other read's
:release_id option expects back.
What %GeoGenius.AreaMatch{} carries
Every read returns the same struct. Which fields beyond the identity ones carry a value
depends on how the row was found:
	Field	Populated by
	collection_key, release_id, area_key	every read
	authority, area_type, type_rank, name	every read
	codes, centroid, attributes, match_method	every read
	distance_m	areas_near/4 only
	intersection_area_m2, coverage_of_input, coverage_of_area	areas_for_geometry/2 only
	score	search_areas/2, and resolve/2 when the name strategy wins

codes maps each code type to a JSON array of the values an area holds under that type:
%{"postal" => ["30309", "30310"]}. An area can legitimately carry more than one value
of one type, so reading codes["postal"] always yields a list, even when it holds one
element.
attributes is the release's own jsonb column, projected by every read and by the
release_areas view a host joins against. GeoGenius ships no index on it, and the keys
inside it are the vendor's, not the library's - see
Indexing your own attribute keys for the two
index shapes that serve it, which one serves which predicate, and what the library
guarantees about reaching partitions created by later imports.
coverage_of_input and coverage_of_area are percentages, 0 to 100 - a polygon
argument wholly inside a matched area reads coverage_of_input: 100.0. They are not the
same scale as relation.parent_coverage and relation.child_coverage, reached through
published_area_relations or the traversal reads, which are 0-to-1 ratios and never
appear on %AreaMatch{}. Reading coverage_of_area as a fraction, or parent_coverage
as a percentage, is silently wrong rather than out of range - both are valid floats on
the wrong scale.
GeoGenius.Published
Read-only Ecto schemas over the catalog's read views, plus composable query functions that
return Ecto.Query.t(). This is the read path for joins, aggregates, set-keyed reads, and
anything that needs a column the SETOF functions do not project.
Two things separate it from GeoGenius.Query. A plpgsql SETOF function is an optimizer
barrier -- PostgreSQL cannot push a predicate, a join qualifier, or a LIMIT inside one,
so the whole set materialises before the host's own WHERE runs -- and the four
function-backed queries select five of area_match's sixteen columns. A view is an
ordinary relation the planner optimises, and these schemas carry every column the view
has, release_id included.
Each schema reads one of a pair of views: a published_* view by default, and its
release-scoped base when a :release_id is given. A pair projects identical columns in
identical order, so one schema reads either source.
	Schema	Default view	With :release_id
	GeoGenius.Published.Area	published_areas	release_areas
	GeoGenius.Published.AreaCode	published_area_codes	release_area_codes
	GeoGenius.Published.AreaName	published_area_names	release_area_names
	GeoGenius.Published.AreaRelation	published_area_relations	release_relations

areas/1, children_of/2, ancestors_of/2, areas_by_code/3, codes/1, names/1 and
relations/1 each return a query selecting whole structs, and each names its sources with
an Ecto binding -- :area, :relation, :code, :name -- so composing further never
means counting positions.
Counting host records per city of a state, including cities with none:
import Ecto.Query
alias GeoGenius.Published

from([area: area] in Published.children_of("us:state:pa", types: ["city"]),
  left_join: record in MyApp.Record,
  on: record.area_key == area.area_key,
  group_by: area.area_key,
  order_by: area.area_key,
  select: {area.area_key, count(record.id)}
)
|> MyApp.Repo.all()
The library's own design has a host keep vendor columns in a projection table keyed
(release_id, area_key). Joining one needs release_id on both sides, which no
function-backed read projects:
from([area: area] in Published.areas(collections: ["us_counties"]),
  join: projection in MyApp.CountyProjection,
  on: projection.area_key == area.area_key and projection.release_id == area.release_id,
  select: {area.name, projection.median_price}
)
Where the function-backed API takes one area_key, these take a list, so resolving the
parents of three thousand areas is one query rather than three thousand. A single binary
is accepted as a one-element set. children_of/2 and ancestors_of/2 return one row per
relation edge, so an area reachable from two of the parents given appears twice; the
:relation binding says which parent each row came from:
Published.ancestors_of(area_keys, types: ["state"])
|> select([area: area, relation: relation], {relation.child_area_key, area.area_key})
|> MyApp.Repo.all()
With no :release_id these read the currently published release of every collection,
through the publication pointer each published_* view carries. Giving :release_id
swaps every source in the query onto its release-scoped base and reads that release
whether or not its collection publishes it -- what a host verifying a release, or filling
a projection ahead of go-live, needs:
Published.areas(release_id: staged_release_id, types: ["city"]) |> MyApp.Repo.all()
The swap is all-or-nothing across the sources in one query, and every join between two
release-carrying sources equates their release_id as well as the key it joins on. Both
together are what keep a read on one release: joining an edge to an area on area_key
alone, or reading one source from a base and another from a published view, would pair a
row of one release with a row of another.
Retired areas are excluded unless include_retired: true, on the published and
unpublished paths alike, matching every SETOF read.
codes/1, names/1 and relations/1 cannot honour that and do not take the option:
their views carry no retired_at, because retirement is a property of an area rather than
of a code, a name, or an edge between two areas. So all three return rows for retired
areas as well -- moving from children_of/2 to relations/1 to reach an edge's
measurement columns silently widens the result. Join areas/1 back on area_key and
release_id to narrow it:
from([relation: relation] in Published.relations(parent_area_keys: keys),
  join: area in subquery(Published.areas()),
  on: area.area_key == relation.child_area_key and area.release_id == relation.release_id,
  select: {relation.child_area_key, relation.parent_coverage}
)
What has no view-backed form, and stays with GeoGenius or GeoGenius.Query: spatial
resolution, resolve/2, trigram name search, and a walk deeper than one relation hop.
GeoGenius.Published's schema prefix is fixed at compile time for the same reason
GeoGenius.Query's is, described below. Read it back with GeoGenius.Published.prefix/0
when building SQL of your own against the same catalog.
GeoGenius.Query
GeoGenius's struct-returning reads answer one question per call. GeoGenius.Query
returns Ecto.Query.t() instead, so a host can compose one further before running it.
It covers four of the ten reads: children_of/2, ancestors_of/2, areas_by_code/3,
and search_areas/2, each selecting area_key, area_type, name, centroid, and
attributes (plus score on search_areas/2). The option keys match the struct-returning
API's for the same read.
These read through the SETOF functions, so a join or an aggregate over one pays the
optimizer barrier and cannot see release_id or the other ten columns the select drops.
Use GeoGenius.Published above for that. What these serve is the traversal and search a
view has no form for: :max_depth walks and search_areas/2's trigram ranking. An
unpublished release is served either way -- GeoGenius.Published's :release_id reaches
one too.
import Ecto.Query
alias GeoGenius.Query

Query.children_of("us:state:pa", types: ["city"], max_depth: 3)
|> MyApp.Repo.all()
GeoGenius.Query's schema prefix is fixed at compile time, not per call, and that is a
hard limitation rather than an oversight: Ecto's fragment/1 requires its SQL to be a
literal, so the prefix is read once via Application.compile_env/3 when GeoGenius.Query
compiles. Set :prefix in config/config.exs and never in config/runtime.exs: a
:prefix that first appears at runtime differs from what the compile-time read recorded
even when the value is the identical default string, and Elixir refuses to boot. Passing
:prefix in opts raises ArgumentError naming the struct API as the alternative, rather
than being silently ignored or reading the wrong schema:
Query.children_of("us:state:pa", prefix: "other_geo")
# ** (ArgumentError) GeoGenius.Query does not support a per-call :prefix option ...
A host serving more than one catalog from one VM, and needing a runtime :prefix per
call, uses GeoGenius's struct-returning functions instead - they resolve :prefix
through GeoGenius.Context on every call, not at compile time.
Telemetry
Every GeoGenius read emits one :telemetry span. GeoGenius.Query's four functions
emit none and cannot: they return a query for the host to run on its own Repo, so
GeoGenius never sees the call. A host that wants those instrumented attaches to Ecto's own
[:my_app, :repo, :query] events.
	[:geo_genius, :read, :start] with %{system_time: integer()}
	[:geo_genius, :read, :stop] with %{duration: integer()}
	[:geo_genius, :read, :exception] with %{duration: integer()}

Metadata carries :function (the SQL function called, for example "areas_for_point")
and :prefix (the schema it ran in). The :stop event also carries :result_count, so
a host can tell a read that matched nothing from a read that matched thousands without
instrumenting its own callers.


  

    Ingesting a collection

An import turns a reviewed document into a verified release. You write a manifest naming
the collection, the release, the provider that parses it, and every file it is built
from. GeoGenius.import/1 registers that manifest in the catalog, claims a durable
import run, and hands the run to a runner. The pipeline downloads, checks, stages,
normalizes, relates, analyzes, and verifies. Nothing any host reads changes until you
publish, which is a separate call.
This guide covers the manifest, the provider contract, the four adapters, the runner
backends, the phases, and the five mix tasks. For reading a published catalog see
reading.md; for installing the schema see
installation.md.
The manifest
A manifest is the whole description of one release. Nothing discovers a release and
nothing follows a mutable "latest" pointer: a new release becomes available because
somebody reviewed a document and committed it.
{
  "collection": "demo",
  "collection_name": "Demo Territories",
  "description": "Operator-drawn delivery zones",
  "release": "r1",
  "provider": "geojson",
  "requires_geometry": true,
  "source_date": "2026-01-15",
  "authorities": [{ "key": "demo", "name": "Demo Operations" }],
  "area_types": [{ "key": "territory", "rank": 100 }],
  "sources": [
    {
      "source_key": "demo:territories",
      "provider": "geojson",
      "license": "CC0-1.0",
      "attribution": "Demo Corp",
      "release_key": "2026-01",
      "source_date": "2026-01-15",
      "artifacts": [
        {
          "logical_name": "territories.geojson",
          "url": "https://example.test/territories.geojson",
          "operator_supplied": false,
          "format": "geojson",
          "required": true,
          "sha256": "0000000000000000000000000000000000000000000000000000000000000000",
          "bytes": 4096,
          "members": ["territories.geojson"]
        }
      ]
    }
  ],
  "options": {
    "code_property": "territory_id",
    "name_property": "territory_name",
    "area_type": "territory"
  }
}
collection and release are required, and both must match
~r/\A[a-z0-9][a-z0-9_.-]*\z/. That is a path-traversal control rather than a naming
style: GeoGenius.Manifest.load/3 joins the two into a filesystem path, and the
character class excludes the separator while requiring an alphanumeric first character,
so neither .. nor an absolute path can match. collection_name and description are
what the collection row carries; leaving collection_name out names the collection after
its key.
provider must resolve through the registry described under
Providers. Collection-level requires_geometry is a promise about the
whole collection, checked at publication time: with it set, verify_release refuses a
release in which any area lacks a boundary. An area_types entry may also carry
"requires_geometry": true; that leaves the collection usable for metadata-only types
while requiring boundaries for areas of the marked type. Omitted area-type flags default
to false, and an explicit false is preserved when the manifest is stored on the release
row. A collection-level true still requires boundaries for every area, regardless of its
type. authorities names who is responsible for the identifiers; an
authority key is the first segment of every area_key keyed under it, so demo above
yields demo:territory:west. It is a list because a collection may draw on more than
one: a US release keyed partly by the Census, partly by the USPS, and partly by its own
vendor identifiers names all three, and a provider may emit areas under any of them.
Every authority an area is keyed under must be declared here, since an area naming one
the collection does not carry is refused.
authorities is required and must name at least one. That is stricter than
area_types, which may be declared as an empty list: a manifest declaring no area
types registers none, and a release that normalizes an area whose type it never declared
fails. Nothing else supplies either. A manifest with no authorities can therefore
register no area at all, and rejecting it at load names the field rather than failing
partway through normalization. area_types declares the ranked types this collection
uses, low rank containing high:
[
  { "key": "bounded_zone", "rank": 10, "requires_geometry": true },
  { "key": "metadata_record", "rank": 20 }
]
GeoGenius.Providers.GeoJSON and GeoGenius.Providers.CSV key every area they emit
under one authority, which they take from options["authority"] or, when that is
absent, from the manifest's own single authority; a manifest declaring several must name
which one under that option.
sources is a list because a release can draw on more than one feed: an authority's own
publication plus an operator-supplied correction, for instance. Each source needs a
source_key, a provider, a license, a release_key naming the vintage, and at least
one artifact. attribution is the credit line the license asks you to carry.
Each artifact is either downloadable or operator-supplied, never both and never neither.
A downloadable artifact carries a url and operator_supplied: false; an
operator-supplied one omits the url and sets operator_supplied: true, and you place
the file in the cache yourself before the run. Both carry sha256 and bytes, which are
expectations rather than observations: the pipeline hashes whatever it actually got,
cache hit and fresh download alike, and PostgreSQL refuses the mismatch.
required defaults to true. required: false means exactly one thing: an artifact with
no url, and no copy in the cache, is counted in the optional_missing metric instead of
failing the run. It is not a promise that the artifact is skippable in general. An
optional artifact that names a url is downloaded like any other, and a download that
fails ends the import, because a URL the manifest declares and the network refuses is a
condition the operator has to see rather than a file the release can quietly go without.
An optional artifact that has to tolerate a failing source is one that belongs in the
cache, not on a URL.
members names the files expected inside an archive, which is what the shapefile provider
reads to find its .shp among the rest. It is validated as a list of non-empty strings.
An artifact may also carry a cache_key. Use it for a licensed file no URL can serve, so
the operator chooses the name they will place the file under rather than reverse
engineering the one the pipeline would have derived. When you leave it out, the key is
<collection>/<source_key>/<source release_key>/<logical_name>. Either way the segments
are validated, because a segment carrying a separator would put the file outside the
cache root.
options is the provider's own configuration and nothing outside the provider reads it.
Manifest validation checks that every key required_options/0 names is present, and then
hands the whole map to validate_options/1, if it exports one, to check the options only
it understands. Both run for every provider the manifest names -- the release's own
and each source's -- and both run before any release row exists, so a manifest that is
missing a required key or carries a malformed option is rejected at load rather than
several phases into a run.
GeoGenius.Manifest.to_map/1 produces exactly the document above, and
from_map(to_map(manifest)) is the identity. That is what makes storing the manifest on
the release row lossless: the pipeline rebuilds the manifest it was given from
release.manifest without reading the file again.
Where manifests are found
GeoGenius.import(collection: "demo", release: "r1") looks for
<dir>/demo/r1.json under each directory in the search path, in order, and uses the
first one that is a regular file. The search path is opts[:manifest_paths], then
config :geo_genius, :manifest_paths, and always the package's own
priv/geo_genius/manifests last:
config :geo_genius, manifest_paths: ["priv/geo_genius/manifests"]
The package's directory is searched last on purpose, so a host shipping a corrected
manifest under the same name takes precedence over one the package carries. A lookup that
finds nothing returns {:error, %GeoGenius.ManifestError{}} naming the candidate path it
checked, which is what tells "rejected by name" apart from "the file is not there".
You can skip the search entirely by handing GeoGenius.import/1 a manifest you built
yourself:
{:ok, manifest} = GeoGenius.Manifest.from_map(decoded)
GeoGenius.import(manifest: manifest)
Providers
A provider adapts one source format. It is called for parsing and never for a write:
every write the import makes is the pipeline's, through GeoGenius.Catalog. Four
providers ship: GeoGenius.Providers.GeoJSON ("geojson"), GeoGenius.Providers.CSV
("csv"), GeoGenius.Providers.Shapefile ("shapefile"), which converts its archive
with ogr2ogr -f GeoJSONSeq -t_srs EPSG:4326 -lco RS=NO before streaming the resulting
GeoJSON Feature sequence in bounded batches, and
GeoGenius.Providers.SimpleMaps ("simplemaps"), which has a section of its own
below.
Shapefile staging is the only shipped provider that requires GDAL's ogr2ogr binary.
The conversion explicitly reprojects to EPSG:4326 and writes one Feature per line; the
sequence reader decodes and emits each configured batch before reading further, so neither
the converted artifact nor all of its staged rows are retained in memory.
GeoGenius.Provider declares six callbacks every provider implements and two optional
validation callbacks.
A source may name its own provider, and a source that names none inherits the release's.
That is what lets one release draw on sources in different formats: a delimited file staged
by the CSV provider beside an archive staged by the shapefile provider, converging on
area_key so one area carries what each source contributed. The pipeline asks artifacts/1
once per source with the manifest narrowed to that source, dispatches stage/5 on the
artifact, and dispatches normalize/2 and asserted_relations/2 on the row's own artifact.
relations/1 is the union: relations are rebuilt when any of a release's providers asks for
it, so a source whose areas nest spatially is still measured beside a source that carries no
geometry at all.
One caveat follows from options being release-level while the option vocabulary is
per-provider: an implied_areas entry names its code key in one provider's suffix, so a
release cannot share one between a CSV source and a GeoJSON source. SimpleMaps requires
no options, so its optional "non_census_state_area_type" key can coexist with the
required options of another provider in a composed release.
required_options/0 returns the options keys manifest validation insists on. The
GeoJSON provider requires "area_type" and "code_property"; the CSV provider requires
"area_type" and "code_column". SimpleMaps reads its columns by name and requires
none; the optional key documented below changes only the type of its six USPS-only
state codes.
validate_options/1 is optional. A provider that exports it is handed the whole
options map at load, once the required keys are known to be present, and the error it
returns becomes a manifest error naming the field. This is where a provider checks what
only it understands -- the shipped generic providers validate their implied_areas
entries here. A provider that exports none contributes no checks beyond the required
keys.
validate_manifest/1 is the second optional validation seam. It receives the fully
decoded manifest after structural and option validation, so a provider can check a
relationship between fields without putting source-specific policy in the manifest
parser. Every provider named by the release or one of its sources receives the same
complete manifest. SimpleMaps uses this to ensure its effective non-Census state type --
the configured "non_census_state_area_type", or "state" when omitted -- names a
declared area type whose effective requires_geometry value is false.
artifacts/1 returns the artifacts, across the manifest's sources, this provider will
stage. The shipped providers stage every declared artifact and so delegate to
GeoGenius.Provider.all_artifacts/1.
stage/5 receives the manifest, one artifact, the local path the artifact was resolved
to, an emit function, and an options list. It parses the file and hands emit lists of
%GeoGenius.Staging.Row{}. Emit in chunks rather than once for the whole file: each call
bounds the size of a single insert, and each call is also where the run's lease is
renewed, so a provider that emits once at the end of a two-hour parse lets its own lease
go stale. The options list carries :work_dir, a directory resolved per run and removed
when the run ends, and :command, the command adapter to shell out through. Return
{:error, reason} for a file you cannot parse; raise only for a defect in the provider
itself.
normalize/2 receives the manifest and one staged row and returns
{:ok, %GeoGenius.Provider.Area{}}. It is pure: no adapters, no environment, no
database. Return :skip for a row that carries no area, such as a summary record or a
feature with no usable code, since that is an expected shape rather than a failure.
A row may also imply areas identified by other columns on itself. A record carrying a
grouping code -- a statistical grouping on an administrative record, an administrative
parent on a place record -- describes that grouping as well as itself, and the GeoJSON
and CSV providers read those columns from an implied_areas manifest option rather than
requiring a provider of your own:
"options": {
  "area_type": "place",
  "code_property": "code",
  "implied_areas": [
    {
      "area_type": "cluster",
      "code_property": "CLUSTER",
      "names": { "1": "Outer Cluster", "2": "Inner Cluster" },
      "relation": "contains"
    }
  ]
}
Each entry names the area type to imply, the column carrying its code, a names map from
code to display name, an optional authority override, and an optional relation
defaulting to "contains". The code key follows the provider's own vocabulary:
code_property under GeoJSON and shapefile manifests, code_column under CSV ones.
These entries are validated at load, through validate_options/1, so a missing
area_type, an unknown relation, a names map that is not an object, or an entry
written in the other provider's vocabulary is rejected before anything is downloaded. The
providers validate again as they read, because a %GeoGenius.Manifest{} built in Elixir
never passes through GeoGenius.Manifest.from_map/2.
An implied area carries no geometry and no centroid: a grouping a source names only by
code has no shape of its own there, and deriving one from the row's geometry would claim
the grouping's boundary is one member's boundary. A blank code implies nothing and is not
an error, since a column populated for most rows and blank for a few is ordinary. A code
that is present but missing from names fails the release, because keying an area with
no name would publish an unlabelled area.
The same entries drive asserted_relations/2, so each implied area also gets an edge to
the row's own area. That composes with relations/1 rather than replacing it: a provider
that rebuilds measured relations from geometry can assert membership the geometry cannot
express, and both land in one release.
It may also return {:ok, [%GeoGenius.Provider.Area{}, ...]}, which is what a source
that denormalises a hierarchy into every row needs: a city row that also carries its
county and its state describes all three, and returning them together is cheaper and
truer than staging the same row once per level. Areas repeated across rows converge on
area_key, so emit an implied parent from every row that implies it rather than tracking
which ones you have already emitted.
relations/1 returns :rebuild when the areas nest spatially or by code and :none
when the collection carries no hierarchy. The GeoJSON, CSV and shapefile providers
delegate to GeoGenius.Provider.always_rebuild/1; SimpleMaps returns :none, because it
carries centroids and no boundaries and so has no overlap to measure. Note that a rebuild
pairs a lower area_type.rank against a higher one, so a release built from one manifest
of one area type produces no measured relations at all; hierarchy appears when a release
composes several sources of different types.
asserted_relations/2 returns the edges one staged row states outright, as
{parent_area_key, child_area_key, relation_type} tuples with relation_type one of
"contains", "mostly_contains", or "overlaps". It is for the hierarchy no overlap
test can derive: a county FIPS on every city row, an admin parent code on every place, or
a source with no geometry at all. Both keys are the strings
GeoGenius.Provider.Area.key/1 composes -- authority_key, area_type_key and code
joined by :, the same composition PostgreSQL stores in area.area_key. Build the area
an edge names and take its key from there rather than joining the parts by hand, so an
edge can only name a key normalize/2 produced.
It composes with relations/1 rather than replacing it: a provider whose areas nest
spatially may both rebuild measured relations and assert edges the geometry does not
carry, and both land in the same release. Asserted edges are written after every area
exists, so an edge may name any area the run produced rather than only the ones its own
row emitted. A provider whose source carries no hierarchy in its columns delegates to
GeoGenius.Provider.no_asserted_relations/2.
To write your own, implement the behaviour and register the module under the name your
manifests will use:
config :geo_genius, providers: %{"acme" => MyApp.AcmeProvider}
Shipped providers are merged ahead of your registrations, so registering your own module
under "geojson" replaces the one this package carries. A name pointing at a module that
does not load is a configuration error and says so, rather than being read as a provider
with no requirements, which would make manifest validation accept every options block
written for it.
The spec these providers were built against writes stage/2 and normalize/1. The
shipped arities are stage/5 and normalize/2, because a provider needs the manifest on
every call and stage needs somewhere to emit to and an adapter to shell out through.
The callbacks and their responsibilities are otherwise unchanged.
asserted_relations/2 is required, not optional. A provider written against the earlier
six-callback behaviour keeps compiling by adding one line:
@impl GeoGenius.Provider
defdelegate asserted_relations(manifest, row), to: GeoGenius.Provider, as: :no_asserted_relations
The SimpleMaps provider
GeoGenius.Providers.SimpleMaps ("simplemaps") parses the SimpleMaps US cities and US
ZIP codes datasets: two comma-delimited files, uscities and uszips, named by the
artifact's logical_name rather than by a manifest option. It requires no options. The
files are licensed downloads, so the manifest this package ships,
us_simplemaps, declares both artifacts operator_supplied with a cache_key and no
url; place your copies in the cache under those keys, and replace each artifact's
sha256 and bytes with the digest and size of the copy you licensed. The shipped
license and attribution describe the paid tier, whose row counts the validation rules
below are measured against, so replace those two as well if you licensed a different
tier -- the free files are CC BY 4.0. A host-shipped manifest wins over the package's
own, so the usual route is to copy it into your own :manifest_paths directory and edit
it there.
Four area types
	Area type	Rank	Comes from
	state	10	the state_id/state_name columns of both files
	county	20	the county_fips_all and county-name columns of both
	city	30	a uscities row
	zip	40	a uszips row

Only cities and ZIPs exist as rows. Counties and states are read out of columns, so they
carry only what those columns say: a code, a name, and a FIPS or ANSI code. They get no
centroid and no attributes, because a row's lat/lng and its demographic columns
measure the city or ZIP and nothing else.
Both files denormalise the whole hierarchy into every row, so normalize/2 returns
several areas per row: a uscities row is its city, every county it falls in, and its
state; a uszips row is every county it touches, the ZIP, and its state. A ZIP row also
names a city, but only as the mailing name the USPS prefers for that ZIP, so that becomes
a :mailing name on the ZIP rather than a city area of its own -- the uscities file is
where a city gets its identity.
A row whose counties do not all lie in the state it names yields those states too, one
area each, read from the county FIPS prefixes. They carry a code and no name: state_name
on the row describes the row's state, not theirs.
Three authorities, and the six state codes that key under the USPS
The manifest must declare all three. An area naming an authority the collection does not
carry is refused when the area is registered.
	Authority	Keys
	simplemaps	cities, under the vendor's own id
	census	counties, and states that have an ANSI code
	usps	ZIPs, and the six state codes that do not

AA, AE and AP are USPS constructs for military mail -- Armed Forces Americas, Europe
and Pacific. FM, PW and MH are the Freely Associated States -- Micronesia, Palau and
the Marshall Islands -- sovereign countries the USPS serves rather than states of any
kind. The Census defines none of the six and assigns none of them an ANSI code, so keying
them under census with an ansi_state code would assert two things no source says.
They key under usps and carry a usps_state external code instead.
By default those six still use the state area type, preserving the area keys emitted by
existing SimpleMaps manifests. In a collection where ordinary states require a Census
boundary, opt only those six into a separately declared non-geometric type with:
{
  "area_types": [
    { "key": "state", "rank": 10, "requires_geometry": true },
    { "key": "postal_region", "rank": 15, "requires_geometry": false },
    { "key": "county", "rank": 20 },
    { "key": "city", "rank": 30 },
    { "key": "zip", "rank": 40 }
  ],
  "options": { "non_census_state_area_type": "postal_region" }
}
postal_region is an example, not a reserved name. The option accepts any non-blank
area-type key and the manifest must declare that key with requires_geometry false. As
with every area type, omitting requires_geometry has the same effective false value;
spelling it out makes a mixed geometric manifest easier to audit. The option changes only
AA, AE, AP, FM, MH, and PW: their area keys and their asserted
state-like-to-ZIP edges use the selected type. Ordinary ANSI states, counties, cities,
ZIPs, authorities, and external codes are unchanged.
A host looking a state up by code must query both code types. ansi_state alone
silently misses those six, and every ZIP under them; the two together are the whole set.
AA, AE and AP also publish nameless: state_name is blank in every one of their
uszips rows and uscities carries no row at all for any of the six codes, so those
three areas carry no name. Nothing invents one -- supplying "Armed Forces Europe" out of
a table in this library would manufacture a fact the source does not carry. They exist so
their ZIPs have a parent; a host that wants a label supplies its own.
Area keys
GeoGenius.Provider.Area.key/1 composes every one of them:
	Area type	Form	Example
	city	simplemaps:city:<id>	simplemaps:city:1840021543
	county	census:county:<fips>	census:county:06075
	state	census:state:<code>	census:state:CA
	state (default) or configured type	usps:<type>:<code>	usps:state:AE or usps:postal_region:AE
	zip	usps:zip:<zip>	usps:zip:94110

Relations
SimpleMaps carries centroids and no boundaries, so relations/1 is :none and the whole
hierarchy comes from asserted_relations/2, read from the FIPS columns. A row asserts a
state-to-county edge per county it names, and a county-to-child edge per county:
contains when the row names one county, overlaps when it names several, since a place
crossing county lines is contained by neither. No edge is ever asserted between a city and
a ZIP in either direction -- a ZIP crosses city lines and neither one contains the other.
A county's state comes from its own FIPS, never from the row's state_id column. A
five-digit county FIPS begins with the two-digit FIPS of the state that assigns it, and
that is the only statement about the county's state a row cannot get wrong: ZIP 20041
is a District of Columbia address for county 51107, which is in Virginia, and 150 of the
source's 3,233 counties are named on rows of more than one state. A county whose prefix
names no state GeoGenius.Providers.SimpleMaps.Fips carries gets no state parent at all,
since the row's own column is the value already known to be describing something else.
A row naming no county asserts one edge instead: its state contains the ZIP directly.
That is the only parent such a row names, and hanging it there is truer than leaving it
with no parent at all.
The county rules that fail a release
GeoGenius.Providers.SimpleMaps.Validation runs before anything is built from a row. A
row that fails ends the import, naming the column and enough of the row -- zip, city,
state_id -- to find it in a file of tens of thousands. Both files are checked for:
	county_fips present but absent from county_fips_all. The source is contradicting
itself about which counties the row belongs to.
	county_fips_all and the county-name column (county_name_all on uscities,
county_names_all on uszips) of different lengths. The two are paired positionally,
so unequal lengths mean at least one FIPS is paired with the wrong name.

uscities is additionally checked for a row naming no county, and uszips for
county_weights that is blank beside a populated county_fips_all, that does not decode
as a JSON object, or whose keys are not exactly county_fips_all.
A blank code in id, zip or state_id is an error too, rather than the :skip the
CSV provider returns for a blank code column. SimpleMaps populates those columns in every
row of both files, so a blank one is a corrupt or truncated download, and area_key is
<authority>:<area_type>:<code> -- a blank code would put every such row under one
shared, meaningless key.
The county-less asymmetry is measured, not assumed. A uscities row naming no county
fails the release; a uszips row naming none is ordinary data. Every one of uscities'
109,071 rows names at least one county, because every city sits in one, so a row naming
none is corruption. 617 of uszips' 41,551 rows name none, because a military APO/FPO ZIP
delivers to an overseas address belonging to no US county; failing them would abort a real
import on the first one and never reach the other 616.
What is not checked
Every rule reads one staged row. Nothing compares across rows or across the two
files. Cross-file agreement -- one FIPS mapping to two different states, or uscities and
uszips spelling one county's name two different ways -- cannot be seen from a single row
and is not checked here. GeoGenius accepts several official names for one area, so a
disagreement of that kind lands in the catalog as two names rather than as an error. A
host that needs cross-file agreement enforced verifies it itself, after the import.
The adapters
Four adapter roles are resolved the same way: opts on the call, then application
environment, then the shipped default.
	Role	Config key	Default	What it does
	:cache	:cache	GeoGenius.Caches.FileSystem	Where artifacts live between runs
	:downloader	:downloader	GeoGenius.Downloaders.Req	Streams a remote artifact to a local path
	:command	:command	GeoGenius.Commands.System	Invokes an external executable
	:notifier	:notifier	GeoGenius.Notifiers.Noop	Delivers import lifecycle events

Substitute one for every import by configuring it, or for a single call by passing it:
config :geo_genius, notifier: MyApp.GeoGeniusNotifier

GeoGenius.import(collection: "demo", release: "r1", cache: MyApp.S3Cache)
The cache is checked before the downloader is ever consulted, which is what makes a
rerun cheap and what makes an operator-supplied artifact work at all. The shipped cache
stores artifacts as files under opts[:cache_dir], then
config :geo_genius, :cache_dir, then a geo_genius directory under the system
temporary directory. A cache hit is hashed on every run, including one whose artifact row
already carries a validated_at, because trusting that column would mean a corrupted or
swapped cache entry is never noticed again.
GeoGenius.Downloaders.Req needs req, which is an optional dependency: add
{:req, "~> 0.7"} to your own mix.exs if you import anything downloadable. A
downloader reports only what it observed, never whether that matched an expectation. The
comparison lives in record_artifact_observation in PostgreSQL, and only there, which is
what keeps the two from disagreeing.
The command adapter is only reached by a provider that shells out. What the pipeline
actually hands a provider is GeoGenius.Pipeline.CommandAllowlist, which accepts
ogr2ogr and refuses everything else by name. That is a guardrail rather than a sandbox:
it bounds what a provider does by accident, not what it does deliberately.
A notifier is called for side effects only and its return value is ignored. It cannot
fail an import: the pipeline wraps every call, so one that raises or exits has its event
logged at warning level and dropped, and the phase continues. The events are
:import_started, :phase_advanced, :import_completed, :import_failed,
:release_published, and :release_rolled_back; GeoGenius.Notifier.events/0 returns
that fixed list so your notifier can match exhaustively.
Choosing a runner
A runner decides where GeoGenius.Pipeline.execute/3 actually runs. It owns none of the
run's state: enqueue/3 starts the work and returns, and the run's status, progress, and
error all live in PostgreSQL. Three backends ship, and with nothing configured the first
available automatic backend wins: Runners.Task, then Runners.Inline.
GeoGenius.Runners.PgFlow is explicit even when a PgFlow engine happens to be running. PgFlow's
finite job deadline is a host decision for bounded work; merely installing it for an unrelated
workflow must not make it the execution policy for an import that can run for hours. GeoGenius
declares pgflow ~> 0.7.0 as an optional dependency to establish compile order when a
host opts in, without installing PgFlow for other hosts. Pin the runner per call or in application
configuration after choosing a suitable deadline. The deadline is compile-time PgFlow job
definition data, so it must be configured before GeoGenius compiles:
config :geo_genius,
  runner: GeoGenius.Runners.PgFlow,
  pgflow_job_timeout_seconds: 14_400
14_400 is only an example, not a package default. Choose a finite bound for the host's complete
workload. It must exceed the effective stale_after_seconds on every import (900 by default), but
that inequality alone does not prove that the whole import fits inside the deadline.
GeoGenius.Runners.Task is what a host gets with no runner configuration. It runs
each import as a supervised task under GeoGenius.TaskSupervisor, a Task.Supervisor the
:geo_genius application starts itself. GeoGenius.import/1 returns as soon as the task
starts, and you read the outcome back with GeoGenius.status/2 or GeoGenius.await/3.
One exception is worth knowing: setting config :geo_genius, :task_supervisor selects
this backend whether or not anything is actually running under that name. A host that
named a supervisor and never started it gets a named error from enqueue/3 saying so,
rather than a silent downgrade to Runners.Inline, which would block the caller for the
length of an import without ever saying why.
If you care about shutdown ordering, configure your own supervisor:
config :geo_genius, :task_supervisor, MyApp.TaskSupervisor
with MyApp.TaskSupervisor listed in your own children after MyApp.Repo. Here is
why. Applications start in dependency order and stop in the reverse of it, so
:geo_genius starts before your application and therefore stops after it. With no
configuration, the library's own supervisor sits outside your tree: on shutdown your Repo
finishes stopping first, and an import still running at that moment keeps running against
a Repo that is already gone. Its execution guardian cannot record a later task death once
that Repo is unavailable. A supervisor you place after your Repo does not have that problem, because a
supervisor terminates its children in the reverse of their start order, so the tasks
under it are stopped before the Repo is. Setting the key at boot also tells GeoGenius to
start no task supervisor of its own; its execution-guardian supervisor remains active.
Killing a running import is not graceful: a Task does not trap exits and cannot clean up
its staging table. Under the host-owned ordering, the guardian sees that death while the Repo
is still alive and records a durable failure with the exact executor identity. Whole-node loss,
or package-owned shutdown after the Repo has already stopped, leaves no process able to record
the outcome. A stale heartbeat never authorizes another executor to take over; an operator must
fail that abandoned attempt explicitly before creating a replacement with
GeoGenius.retry_failed/2.
GeoGenius.Runners.Inline runs the import in the calling process and does not return
until it has finished. Choose it deliberately for tests and for scripts, where blocking is
the point and the outcome is already durable by the time the call returns. It is also
where automatic resolution ends up when Task cannot accept work, which for
a national vintage means blocking the caller for hours.
More on GeoGenius.Runners.PgFlow: it runs the import as a durable PgFlow job.
The optional dependency edge ensures this library's job submodule compiles after PgFlow.Job
when the host adds PgFlow directly. PgFlow 0.7.0 compiles its dashboard modules even when the host
does not mount the dashboard, so a current PgFlow consumer must also declare PgFlow's optional
phoenix, phoenix_live_view, and livefilter dependencies. This is a PgFlow packaging
requirement, not a dependency GeoGenius imposes on hosts using another runner. This backend reports itself available once
pgflow and the job submodule are loaded and PgFlow.Supervisor is running; short of that it
returns an explicit not-enqueued error naming what is missing rather than raising deep inside
PgFlow.enqueue/2. It also verifies that PgFlow and the import use the same Repo, that the stored
flow and execute step carry the compiled timeout, and that a healthy queue worker is polling
before enqueue. This keeps readiness, durable enqueue, and execution in one database. Hosts upgrading from an
earlier PgFlow move their PgFlow schema to core V03 and helpers V07 first, following
PgFlow's Upgrading to 0.7 and full upgrade guide.
After setting the compile-time timeout, generate and run the PgFlow job migration:
mix pgflow.gen.job_migration GeoGenius.Runners.PgFlow.Job
mix ecto.migrate

Then start {PgFlow, repo: MyApp.Repo, jobs: [GeoGenius.Runners.PgFlow.Job]} in the host's
supervision tree. Changing :pgflow_job_timeout_seconds later requires forcing GeoGenius to
recompile and generating another PgFlow job migration; enqueue fails before acceptance if the
compiled module and stored definition disagree.
Pin a backend for every import or for one call:
config :geo_genius, runner: GeoGenius.Runners.Inline

GeoGenius.import(collection: "demo", release: "r1", runner: GeoGenius.Runners.Inline)

GeoGenius.import(
  collection: "demo",
  release: "r1",
  runner: GeoGenius.Runners.PgFlow,
  stale_after_seconds: 900
)
The backend a run was claimed under is recorded on import_run.runner_backend, so a run
stays readable after you change the configuration. There is no Oban backend; a host that
wants one implements GeoGenius.Runner's three callbacks, which is the reason the
behaviour exists rather than a fixed backend list.
The phases
An import walks a fixed sequence, advancing the durable run row at each boundary. The catalog
accepts only the next edge in that sequence: callers cannot skip ahead or use a phase advance to
create a terminal status. A phase that fails stops the sequence and records the failure through
fail_import; complete_import records a verified non-publishing completion, while
publish_import records completion and swaps publication atomically.
downloading resolves every artifact the release composes to a local file. The cache is
checked first, a miss is downloaded, and whatever came back is hashed and recorded
against the manifest's expectation. Measures artifacts, downloaded, cached, and
bytes.
validating re-reads the artifacts and checks that every required one carries a
validated_at, counting the optional ones nothing could obtain. It re-reads rather than
trusting what the previous phase believed, which is what makes it a check.
staging calls the provider's stage/5 for each artifact and writes the emitted rows
into an unlogged table of this run's own. The table is emptied before the attempt stages.
A replacement attempt gets a new run id and a separate table; an abandoned attempt's rows
are evidence to sweep after that attempt is terminal, never input another executor resumes.
normalizing reads the staged rows back in batches, calls the provider's normalize/2
on each, and writes the areas, names, codes, membership, and boundaries through
GeoGenius.Catalog.
A batch is collected in full and then written as a set: one statement for its areas, one
for its names, one for its codes, one for its memberships, through the
set writes, and one for all its boundaries. A source that
denormalises a hierarchy names the same county in every city row of it, so a batch
describes far fewer distinct areas than it has rows, and one statement per area spends a
round trip on every repeat. Measured on the US SimpleMaps import -- 150,622 staged rows,
466,262 area writes over 153,917 distinct areas -- this phase costs 2,449 statements and
39.6 s written as sets, against 1,755,328 statements and 994.8 s written one area at a
time.
Collecting before writing also decides what a provider's own error leaves behind: an
illegal name kind, or a staged row naming an artifact this run did not stage, fails the
phase with none of that batch written, rather than partway through it. Earlier batches are
already committed to the candidate during that attempt; nothing opens a transaction around
a batch. A failed attempt is not resumed. retry_failed resets the candidate from the
replacement manifest before the new run writes it.
Calling GeoGenius.import/1 again does not perform that reset. An identical failed candidate
returns %GeoGenius.CandidateError{reason: :failed} with the failed run id, while a changed
manifest returns :manifest_changed; only GeoGenius.retry_failed/2 creates the next attempt.
relating rebuilds measured relations from boundary overlap when relations/1 asks for
it, and then writes every edge asserted_relations/2 returns for each staged row, one
set write per batch the same way normalizing writes areas. The
two compose: a release can carry both. Measures relations (only when a rebuild ran) and
asserted_relations, which counts edges asserted rather than distinct edges written --
two rows asserting the same edge each add one, though the edge itself upserts to a single
row.
indexing runs the run-fenced analyze_import, so the release has statistics before
anything plans a query against it.
verifying runs the run-fenced verify_import and fails the run when the report is not ok. This is
the gate: a release that has no areas, that lacks a boundary somewhere the collection or
area type requires one, that carries a relation or a membership belonging to another
collection, or that declares no source releases, does not become publishable.
verify_release also reports boundaries with invalid geometry, though nothing an import
does can produce one: put_boundary repairs its input with ST_MakeValid before storing
it, and the boundary_geom_valid_chk constraint refuses an invalid geometry written to
the table by any other route. That check is a backstop against a writer that bypasses
both, not a condition an import reaches.
publishing runs only when you passed publish: true. publish_import requires a validated
observation for every required selected artifact, verifies and publishes the candidate, marks the
attempt completed, and removes its lease in one transaction. An optional artifact that was not
available remains part of the attempt snapshot without blocking publication.
Without publish: true, the pipeline ends after verifying and calls complete_import. That
operation re-checks the same required observations and release invariants, then completes the run
and removes its lease without changing publication. A later publish_release call verifies the
completed release again before making it visible.
The import opens no transaction around the whole pipeline. Every catalog function is atomic on
its own, so a long run does not hold one connection for the length of its slowest phase. The
staging table is dropped on success and on failure alike.
Every staging insert, set-based normalization or asserted-relation write, measured
relation rebuild, analyze, verification, and publication statement disables
DBConnection checkout retries. A timeout or dropped connection leaves a mutating
statement's outcome ambiguous: automatically checking out a fresh connection could run
the whole statement twice. GeoGenius surfaces the first failure instead. Once that failure is
recorded, recovery is an explicit GeoGenius.retry_failed/2 call that creates a new attempt. This does not
change the configured :timeout or :stale_after_seconds; both keep their existing
per-run meanings.
A retry runs every phase from downloading under a new run_id, rather than picking up at
the failed attempt's phase. What makes that cheap is the artifact cache, which skips the
network. The new run owns its exact manifest, artifact selection, observations, and staging
table; the failed run's manifest, observations, status, and error remain immutable evidence.
Reading a run
GeoGenius.import/1 returns {:ok, run_id} once the run is claimed and enqueued. The
work may be executing on another node, so both ways of reading it back go to PostgreSQL
rather than to a process.
{:ok, run_id} = GeoGenius.import(collection: "demo", release: "r1")

GeoGenius.status(run_id)
# %GeoGenius.ImportRun{status: "normalizing", stage_metrics: %{"staged" => 1200}, ...}

GeoGenius.await(run_id)
# {:ok, %GeoGenius.ImportRun{status: "completed"}}
status/2 returns one %GeoGenius.ImportRun{} snapshot, or nil for a run id the
catalog does not carry. await/3 polls every 250ms until the run finishes or the timeout
elapses, returning {:ok, run}, {:error, run} for a run that finished and failed, or
{:error, :timeout}. Both read the import_run_status view described in
sql_api.md.
await/3's timeout resolves the explicit argument first, then
config :geo_genius, :await_timeout, then a library default of 1,800,000ms (thirty
minutes). A full US SimpleMaps import, which carries no boundaries, runs in well under two
minutes; the thirty are sized for a boundary-carrying collection, whose geometry repair,
subdivision, and indexing can still dominate a national import even with set-based writes. Pass
:infinity at either level for a caller willing to wait as long as it takes:
GeoGenius.await(run_id, :infinity)
stage_metrics accumulates what each phase measured; progress is the lease's rolling
progress object, updated by heartbeats during a phase. A failed run carries the reason on
error. A terminal run holds no lease, so its progress reads as an empty map and its
heartbeat_at falls back to the run's own column.
:owner defaults to the node name and identifies who prepared the attempt. Re-enqueueing a
live attempt for the same owner is safe, but it is not takeover: claim_import_execution
latches the first executor, and every later delivery receives occupied and returns a no-op.
A different owner is refused while the lease is live. Once an attempt fails, retry it
explicitly; repeating GeoGenius.import/1 returns the failed attempt rather than creating another,
and an executor is never replaced in place.
{:ok, retry_run_id} =
  GeoGenius.retry_failed(failed.run_id,
    collection: failed.collection_key,
    release: failed.release_key
  )
Publishing and rolling back
An import produces a verified candidate. Making it visible is a separate act, and that is
deliberate: you can import a vintage on Friday, look at it, and publish it on Monday
without either step implying the other.
{:ok, release_id} = GeoGenius.publish(release_id)
{:ok, previous_id} = GeoGenius.rollback("demo")
GeoGenius.published_release("demo")
publish/2 is the explicit operator path. It verifies and publishes a release only when
there is no active lease and its latest import, if any, is completed; it returns
{:error, exception} rather than raising when those guards or verification fail.
Publishing the release that is already published is a no-op that leaves the rollback target
untouched, so a rollback still reaches the last release actually swapped away from.
rollback/2 swaps the publication pointer back to the previous release, not to the
oldest one, and returns {:error, reason} without clearing the publication when there is
nothing to roll back to. Both are pointer swaps under MVCC: readers see one release or
the other, never a partial catalog, and a published release is immutable, so changing
what hosts see always means building and publishing a new release.
publish: true on GeoGenius.import/1 is the ingestion path for a caller that wants both
in one go. Its final phase uses publish_import, not the operator shortcut, so completion,
lease release, verification, and the publication swap are atomic.
Enqueuing a release at boot
GeoGenius.Bootstrap is an optional supervised child that enqueues a configured release
when your application starts. GeoGenius does not add it to its own tree, because starting
an application must never download or import anything on its own; you place it in yours,
after your Repo, the way you place GeoGenius.Preflight:
children = [
  MyApp.Repo,
  {GeoGenius.Preflight, repo: MyApp.Repo},
  {GeoGenius.Bootstrap, repo: MyApp.Repo},
  MyAppWeb.Endpoint
]

config :geo_genius, :bootstrap,
  enabled: true,
  collection: "us_counties",
  release: "2026",
  publish: true
It is disabled by default: without enabled: true you get a no-op child. Registering a
manifest is idempotent end to end, so a node booting against a release the catalog
already carries re-registers the same rows rather than duplicating them, and only the
first node's claim takes the lease. A node that is refused logs at error and returns
:ignore like every other outcome, because nothing here may stop a host from booting:
whatever release is already published is still readable.
The mix tasks
Five tasks drive the same public API from a shell or a deploy step. Each takes --repo
and --prefix, and each resolves the Repo from your application configuration when you
leave --repo out.
mix geo_genius.import registers a release from its manifest and enqueues the run.
Without --await it prints the run id and returns immediately, because the work may run
elsewhere. With --await it waits and exits non-zero for a run that failed or did not
finish in time, so a deploy step can gate on the outcome.
$ mix geo_genius.import --collection us_counties --release 2026 --await --publish

mix geo_genius.publish publishes a verified release, named either by id or by
collection and release key. Supplying both selectors is refused rather than resolved,
since the two can name different releases. A release that fails verification exits
non-zero. --timeout bounds the publication statement, which re-runs the release's
verification inside itself, and defaults to 900000 milliseconds.
$ mix geo_genius.publish --collection us_counties --release 2026

A known limitation: mix geo_genius.import --publish has no equivalent switch. Its
publishing phase is bounded by the window the run was claimed under, 900 seconds by
default, and the task exposes no way to move it. A release whose verification needs
longer is imported without --publish and published afterwards with
mix geo_genius.publish --timeout.
mix geo_genius.rollback swaps a collection back to its previous release. It changes
what every host reading that collection sees, so it prints what it would do and does
nothing without --yes.
$ mix geo_genius.rollback --collection us_counties --yes

A rollback that committed exits zero even when the release it landed on could not be read
back afterwards; the unreadable outcome goes to stderr naming the rollback as done. That
is deliberate. The publication has already moved by then, and a non-zero exit under a
"failed" label would invite a deploy script retrying on exit code to roll the collection
back a second step. GeoGenius.rollback/2 reports the same case as
{:error, {:unread, message}}, a shape distinct from the exception a failed rollback
returns and from the string an unknown collection returns.
mix geo_genius.status reports one run with --run-id, or every run for a collection
newest first, plus what that collection currently publishes, with --collection. The two
are mutually exclusive.
$ mix geo_genius.status --collection us_counties

mix geo_genius.sweep_staging drops per-run staging tables left behind by runs that have
already finished. The pipeline drops its own table in an after clause, and that drop is
deliberately rescued so a database failure during cleanup cannot destroy the run's
failure record, which means a host whose database dies mid-cleanup leaks a table that
nothing else reclaims. Like the rollback task, it prints what it would drop and does
nothing without --yes.
$ mix geo_genius.sweep_staging --yes

The installation tasks (mix geo_genius.setup, mix geo_genius.gen.migration,
mix geo_genius.check_schema, and mix geo_genius.uninstall) are covered in
installation.md.


  

    Projections: keeping a source's own columns

GeoGenius stores area identity: keys, names, codes, relations, centroids, and
boundaries. It does not store a source's own attribute columns, and it will not grow a
table for them. Every source has a different set, they change between releases, and a
catalog that absorbed them would end up with a column list that belongs to whoever
adopted the library first.
What it gives you instead is a projection: a table you own, keyed
(release_id, area_key), holding whichever of a source's columns your application
actually reads, filled from the same artifacts the import consumed.
This guide shows how to build one. The library's part is finding the artifact files —
GeoGenius.ReleaseArtifacts — which is the part every host would otherwise have to
rediscover, and get wrong in the same way. Parsing them and writing your rows is yours:
GeoGenius never sees your columns, your types, or your file format.
The examples use an invented collection, atlas_districts, published by an invented
vendor whose release ships one delimited file, districts.tsv, carrying a tier and a
service_hours column per district. Substitute your own throughout.
Why (release_id, area_key)
A release is immutable once published, and a collection can have more than one release
in the database at a time — the published one, the one being verified, and whichever
older ones you have not retired yet. Attribute values belong to a release, not to an
area: the same district can be tier "a" in one release and "b" in the next.
So the key is the pair.
	area_key joins your row to the catalog. It is the stable identity string —
authority:area_type:code — that every read returns on %GeoGenius.AreaMatch{}.
	release_id is which release the values came from. Without it, a repopulation
either overwrites values a request in flight is still reading, or leaves you unable to
tell a stale row from a current one.

Keying this way means populating a new release is an insert, not an update: nothing your
application currently reads changes until you publish, which is exactly the guarantee the
catalog itself gives.
CREATE TABLE district_facts (
  release_id uuid NOT NULL,
  area_key   text NOT NULL,
  tier       text,
  service_hours integer,
  PRIMARY KEY (release_id, area_key)
);
Whether you also add a foreign key to <prefix>.release(id) is a real choice with a
cost either way. A foreign key gets you referential integrity and ties this migration to
the schema prefix GeoGenius is installed under; storing the uuid alone keeps your
migration independent of the library's installation and leaves pruning to you. Neither is
wrong. Decide it once and write down which you picked.
Read your projection by joining on both columns, with the release id the read you are
already doing returned:
SELECT a.area_key, a.name, f.tier
  FROM geo_genius.published_areas a
  JOIN district_facts f
    ON f.release_id = a.release_id AND f.area_key = a.area_key
 WHERE a.collection_key = 'atlas_districts';
Finding the artifact
An artifact is not at a path you can compose. It arrives on the machine through
GeoGenius.Cache, under a key that the manifest either supplied or the catalog derived
from the collection, source, source release, and logical name. Two things follow, and
both have bitten a host already:
	An operator-supplied artifact — a licensed file no URL can serve, which somebody
places by hand before the import runs — has no url at all. Its cache key is its only
address.
	The directory an import staged a download in is a work directory. It is gone by the
time you want to read the file. priv/ is not where any of this lives either; a
resolver that looks there works against a checked-in fixture and raises :enoent on a
documented fresh install.

GeoGenius.ReleaseArtifacts answers it properly. list/2 returns every artifact of a
release; fetch/3 returns one by logical name; path/3 returns a file you can open.
{:ok, artifacts} = GeoGenius.ReleaseArtifacts.list("atlas_districts")

Enum.map(artifacts, &{&1.logical_name, &1.path, &1.present?})
#=> [{"districts.tsv", "/var/cache/geo_genius/atlas_districts/...", true}]
Each %GeoGenius.ReleaseArtifacts.Artifact{} carries where the file belongs
(:path), whether anything is actually there (:present?), the :cache_key it resolves
under, and the release and source release it came from, plus the :expected_sha256 and
:expected_bytes the manifest declared if you want to verify the bytes yourself.
All three functions read the collection's published release. Pass :release_id to
read a different one — which is how you populate a projection for a release before you
publish it. Options otherwise are the usual ones: :repo, :prefix, and whatever your
cache adapter takes.
The errors are the interesting part
path/3 refuses to hand back a path to a file that is not there, because the alternative
is an :enoent raised from inside whatever stream you opened, naming neither the file
nor the fix.
case GeoGenius.ReleaseArtifacts.path("atlas_districts", "districts.tsv") do
  {:ok, path} ->
    load(path)

  {:error, %GeoGenius.ArtifactError{reason: :not_cached} = error} ->
    # Names the expected path and the cache key: an operator can act on this.
    Logger.error(Exception.message(error))
    {:error, :artifact_missing}

  {:error, %GeoGenius.ArtifactError{reason: :no_published_release}} ->
    {:error, :nothing_published}
end
The remaining reasons are :unknown_artifact, for a logical name the release does not
compose (the message lists the ones it does); :invalid_cache_key, for a registered
artifact whose stored key cannot address anything — a defect in what was registered, not
something a retry fixes; and :unknown_release and :foreign_release, for a
:release_id that the catalog does not carry and one that belongs to a different
collection.
That last pair matters more than it looks. A release id you stored months ago can go
stale, and a release-scoped read filters on the id alone — so without the check, a
repopulation against a stale id would delete your rows for it and write nothing back,
emptying the projection with no error to notice. An id belonging to another collection
would be worse: you would fill your table from another collection's files. Both are
refused.
Populating
Everything below this line is yours. GeoGenius has no opinion about your parser, and the
row shape here is invented.
defmodule MyApp.Atlas.DistrictFacts do
  @collection "atlas_districts"
  @artifact "districts.tsv"

  alias GeoGenius.ReleaseArtifacts

  def repopulate(opts \\ []) do
    with {:ok, artifact} <- ReleaseArtifacts.fetch(@collection, @artifact, opts),
         {:ok, path} <- local_file(artifact) do
      MyApp.Repo.transaction(fn ->
        MyApp.Repo.query!("DELETE FROM district_facts WHERE release_id = $1", [
          Ecto.UUID.dump!(artifact.release_id)
        ])

        path
        |> File.stream!()
        |> Stream.map(&parse_row/1)
        |> Stream.chunk_every(1_000)
        |> Stream.each(&insert_all(artifact.release_id, &1))
        |> Stream.run()
      end)
    end
  end

  defp local_file(artifact) do
    if artifact.present?,
      do: {:ok, artifact.path},
      else: {:error, "#{artifact.logical_name} is not at #{artifact.path}"}
  end
end
Three things worth doing whatever your parser looks like:
	Delete then insert, in one transaction, scoped to the one release id. Repopulating
is then idempotent and never leaves a half-written release visible.
	Skip rows whose area_key the catalog does not carry, rather than inserting them.
A source file routinely describes areas the import filtered out, and a projection row
with no area to join to is invisible and unaccounted for.
	Populate before you publish. Read the release id from
GeoGenius.import/1's run (GeoGenius.status/2), pass it as :release_id, populate,
then call GeoGenius.publish/2. The pointer swap then makes the areas and their
attributes visible in the same instant.

A new release
Nothing about a projection is incremental. A new release means a new release_id, so
repopulation writes a disjoint set of rows and touches none of the ones being read.
If you populate after publication instead — which is fine, if a short window with areas
but no attributes is acceptable — subscribe to the :release_published event through a
GeoGenius.Notifier and repopulate from its :release_id. See
installation.md for wiring a notifier.
Retiring
GeoGenius.Catalog.retire_releases/3 drops the bulk data of old releases — geometry,
membership, relations — and deliberately keeps the release rows, because import runs
and publication events reference them. It knows nothing about your table, so your rows
survive a retirement that made them useless.
Prune them on the same schedule, keeping the releases you can still be asked about:
DELETE FROM district_facts
 WHERE release_id NOT IN (
   SELECT release_id FROM geo_genius.publication
    WHERE collection_id = (
      SELECT id FROM geo_genius.collection WHERE key = 'atlas_districts')
   UNION
   SELECT previous_release_id FROM geo_genius.publication
    WHERE collection_id = (
      SELECT id FROM geo_genius.collection WHERE key = 'atlas_districts')
      AND previous_release_id IS NOT NULL
 );
That keeps the published release and the one a rollback would return to. If you serve
historical queries through GeoGenius.release_at/2, keep every release you are willing
to be asked about instead, and prune by age rather than by publication.
What GeoGenius will not do for you
Deliberately, so that the library stays usable by hosts whose sources look nothing like
yours:
	No projection table generator, and no migration generator. You own the columns and
their types.
	No parser. The library ships providers for the formats ingestion understands; a
projection's file may be a format nothing in GeoGenius has ever read.
	No assumed column set, and no attribute vocabulary. release_id and area_key are
the entire contract.

If you find yourself wanting one of these in the library, the thing you actually want is
a shared module in your own application, over GeoGenius.ReleaseArtifacts.


  

    SQL API reference

Every GeoGenius operation is a SQL function or view in the installed schema, called
through the host's own Ecto Repo (MyApp.Repo.query/2 for a write, or GeoGenius's own
read functions for a resolution or traversal read - see reading.md for
the calling convention, including why a geometry/geography argument binds as a Geo
struct rather than WKT/EWKT text). This guide lists every function a host calls directly,
grouped by what it does, with its full parameter list.
A handful of implementation-only functions are not listed here because a host never
calls them directly: assert_extensions (run once, at install, by the migration itself),
classify_relation and relation_lock_key (helpers rebuild_relations calls
internally), partition_lock_key (the key open_release,
create_release_partitions, and drop_release_partitions serialize on; see
Concurrent partition DDL below), publication_lock_key
(the key publish_release, rollback_publication, and retire_releases serialize on,
so two callers cannot interleave a swap of one collection's publication pointer), publication_release_is_publishable (a constraint trigger function),
drop_release_partitions (called by retire_releases, not on its own),
assert_release_mutable (the guard every write function below calls to reject a write
against a completed or retired release), assert_area_in_collection (the guard the
release-membership and geometry writes call to reject an area from a different
collection), assert_seed_keys (the guard every plural read calls to reject a null seed
array or a null element inside one), assert_write_arrays and assert_resolved (the two
guards every set write calls, to reject arrays that disagree in length or
carry a null where the column is required, and to refuse a key that resolves to nothing),
area_lock_key and lock_areas (the single definition of the lock one area serializes on,
and the loop that takes a batch's locks in one order -- see
One lock order for the whole write path),
and area_codes_json (the helper every function returning area_match calls to build the
codes field; see below).
Every function is SECURITY INVOKER with a pinned search_path; read functions are
STABLE PARALLEL SAFE and write functions are VOLATILE. Five carry no parallel marking:
release_at, staging_table_name, and the three internal guards
assert_extensions, assert_release_mutable, and assert_area_in_collection. Every function returning rows
(all of Resolution and Traversal below) returns SETOF area_match, except the four
set-keyed reads, which return SETOF seeded_area_match. Most Lifecycle
and Import functions return a scalar or void; prepare_import and retry_failed return one
candidate-decision row, and claim_import_execution returns a closed text result.
Across Resolution and Traversal, four parameters repeat with the same meaning and the
same defaults everywhere they appear: collections and types (text[] DEFAULT NULL,
no filter), target_release_id (uuid DEFAULT NULL, meaning the collection's currently
published release), and include_retired (boolean DEFAULT false, active areas only).
max_depth (on children_of/ancestors_of) defaults to 1; result_limit (on
areas_near/search_areas) defaults to 50, and an explicit NULL returns every
row instead -- which is how a caller that narrows the result afterwards asks for the
whole ranked set rather than naming a number that stands in for one.
Every area_match row's codes field is a jsonb object mapping each code type to a
JSON array of the values an area holds under that type, for example
{"postal": ["30309", "30310"]}, an area with two postal codes keeps both. It is built
by area_codes_json, grouping and aggregating every area_code row for the area rather
than picking one.
Time-scoped release lookup
The read functions above take a target_release_id, not a timestamp. release_at
bridges the two:
	Function	Answers
	release_at(collection_key, as_of)	The release a collection had published at a given moment, or NULL

release_at("us_counties", "2026-01-15T00:00:00Z") turns "what did we serve on January
15?" into a target_release_id argument for any Resolution or Traversal function above.
It returns NULL when the collection had published nothing yet as of as_of.
Resolution
Spatial and non-spatial lookups against the currently published release of a collection
(or an explicit target_release_id).
	Function	Answers
	areas_for_point(lon, lat, collections, types, target_release_id, include_retired)	Area containing a point
	areas_for_geometry(input_geom, collections, types, target_release_id, include_retired)	Areas overlapping a polygon, with coverage percentages
	areas_near(lon, lat, radius_m, collections, types, result_limit, target_release_id, include_retired)	Areas within a radius, ordered by distance (boundary or centroid)
	areas_by_code(target_code_type, target_code_value, collections, types, target_release_id, include_retired, parent_area_key, parent_max_depth)	Area with a given external code
	search_areas(query, collections, types, result_limit, target_release_id, include_retired)	Trigram-ranked name search
	resolve(input, collections, types, strategies, target_release_id, include_retired)	Cascades containment, code, name, proximity against one JSON input

A code is unique only within a parent, so areas_by_code's parent_area_key scopes the
lookup to that area's descendants and parent_max_depth controls how far down it
reaches, defaulting to a direct parent relation.
resolve's input is a single jsonb object: lon/lat (together) selects
containment then proximity, code_type/code_value selects code lookup, name
(optionally with parent_area_key to scope the search to that area's children) selects
name search. strategies (text[] DEFAULT NULL) restricts or reorders which of
containment, code, name, proximity are attempted; the default order is exactly
that sequence, and the first strategy whose required input is present and whose query
returns at least one row wins.
Traversal
Hierarchy walks over relation rows, measured (rebuild_relations) or asserted
(put_relation) alike — see Measured versus asserted relations.
	Function	Answers
	children_of(parent_area_key, types, classifications, max_depth, target_release_id, include_retired)	Areas this area contains
	ancestors_of(child_area_key, types, classifications, max_depth, target_release_id, include_retired)	Areas that contain this area
	related_areas(target_area_key, classifications, target_release_id, include_retired)	Areas related to this one, one level, either direction

classifications (text[] DEFAULT NULL) filters by relation_type
(contains/mostly_contains/overlaps). Raising max_depth past 1 is cheap on an
ordinary ranked hierarchy and combinatorially more expensive on a densely
mutually-related one — see
Traversal depth on dense graphs for
measured numbers before raising it on a collection where many areas relate to many
others of similar rank.
Set-keyed reads
Four reads above answer for exactly one seed, so answering for a list of seeds costs one
call per element. Each has a plural sibling taking an array where the singular takes a
scalar:
	Function	Answers
	children_of_many(parent_area_keys, types, classifications, max_depth, target_release_id, include_retired)	Areas each of these areas contains
	ancestors_of_many(child_area_keys, types, classifications, max_depth, target_release_id, include_retired)	Areas that contain each of these areas
	related_areas_many(target_area_keys, classifications, target_release_id, include_retired)	Areas related to each of these, one level, either direction
	areas_by_code_many(target_code_type, target_code_values, collections, types, target_release_id, include_retired, parent_area_key, parent_max_depth)	Areas carrying each of these code values

Every parameter after the seed array keeps the singular's meaning and default.
They return SETOF seeded_area_match, which is seed_key text followed by area_match's
sixteen columns in area_match's order. A plural result mixes rows from every seed, so the
seed has to travel with each row; a composite type cannot be declared as "area_match plus
one column", and nesting area_match inside a result column would force every client to
decode a nested composite, so the columns are repeated and
test/pgtap/schema/test_install.sql pins the two lists against each other. The column is
seed_key rather than seed_area_key because three of the four are seeded by an area key
and areas_by_code_many is seeded by a code value.
Semantics, all four:
	The result for ARRAY[a, b] is the singular result for a followed by the singular
result for b, in the array's order -- not the seeds' sort order.
	A seed that matched nothing contributes no rows, rather than one row of NULLs.
	An empty array returns zero rows.
	A NULL array raises SQLSTATE 22004, as a NULL singular seed does, and so does a
NULL element inside the array: a skipped element would lose one seed out of thousands
with no error to show for it.

Each delegates to the singular read once per seed rather than reimplementing it, the way
resolve delegates to each strategy. What that removes is the round trip, not the per-seed
lookup. Measured over a 4,000-area release with 1,000 seeds: 1,000 children_of calls from
a client on loopback took 445ms against 52ms for one children_of_many call, while the same
work run entirely inside the database took 51ms against 37ms. A caller that needs to join or
aggregate against catalog areas wants GeoGenius.Query's composable, view-backed path
instead: these are SETOF plpgsql functions and the planner cannot push a predicate into
either shape.
Write
Load catalog identity, then release membership and geometry.
	Function	Answers
	upsert_collection(key, name, description, requires_geometry)	Create or update a collection
	upsert_authority(collection_key, key, name)	Create or update a naming authority
	upsert_area_type(collection_key, key, rank)	Create or update a ranked area type
	upsert_area(collection_key, authority_key, area_type_key, code)	Create or update an area's identity
	upsert_area_many(collection_key, authority_keys, area_type_keys, codes)	Catalog/bootstrap overload: create or update a batch of area identities
	upsert_area_many(target_run_id, target_executor_id, authority_keys, area_type_keys, codes)	Import overload: create or update a batch through the current normalizing attempt
	put_area_name(target_run_id, target_executor_id, target_area_key, name, kind, locale)	Attach a name through the current normalizing attempt
	put_area_name_many(target_run_id, target_executor_id, target_area_keys, names, kinds, locales)	Attach a batch of names through the current normalizing attempt
	put_area_code(target_run_id, target_executor_id, target_area_key, code_type, code_value)	Attach an external code through the current normalizing attempt
	put_area_code_many(target_run_id, target_executor_id, target_area_keys, code_types, code_values)	Attach a batch of external codes through the current normalizing attempt
	upsert_source(collection_key, source_key, provider, license)	Create or update a source: a provider feed within a collection
	upsert_source_release(collection_key, source_key, release_key, source_date, metadata)	Create or update a vintage of a source's data
	put_artifact(target_source_release_id, logical_name, url, operator_supplied, format, expected_sha256, expected_bytes, metadata)	Record an artifact a source release expects to have fetched
	record_artifact_observation(target_run_id, target_executor_id, target_artifact_id, observed_sha256, observed_bytes)	Record one attempt's immutable artifact observation, or raise on a mismatch
	open_release(collection_key, release_key, manifest, source_date)	Create or reopen a release for writing, and create its partitions
	create_release_partitions(target_release_id)	Create the per-release partitions writes below require, for a release row created some other way
	attach_source_release(target_release_id, target_source_release_id)	Declare that a release draws on a source release's data
	put_area_in_release(target_run_id, target_executor_id, target_area_key, centroid, data)	Record release membership through the current normalizing attempt
	put_area_in_release_many(target_run_id, target_executor_id, target_area_keys, centroids, data)	Record a batch of memberships through the current normalizing attempt
	put_boundary(target_run_id, target_executor_id, target_area_key, target_source_release_id, input_geom, simplify_tolerance)	Attach a polygon through the current normalizing attempt; also ensures membership
	put_boundaries(target_run_id, target_executor_id, target_area_keys, target_source_release_ids, input_geometries, display_tiers, source_properties)	Attach a batch of polygons through the current normalizing attempt
	put_relation(target_run_id, target_executor_id, parent_area_key, child_area_key, relation_type)	Assert an unmeasured relation through the current relating attempt
	put_relation_many(target_run_id, target_executor_id, parent_area_keys, child_area_keys, relation_types)	Assert a batch of relations through the current relating attempt
	rebuild_relations(target_run_id, target_executor_id)	Derive measured relations through the current relating attempt

Set writes
Six of the writes above come in a plural form taking one array per column, with element
n of every array describing row n. The scalar form is the plural form called with
one-element arrays, so there is one implementation of what each write means, and a caller
choosing between them is choosing only how many round trips to spend.
They exist because an import writes in bulk and the round trips dominate. A source that
denormalises a hierarchy describes the same county in every city row of that county, so a
page of staged rows names far fewer distinct areas than it has rows, and one statement per
area per column spends a round trip on every repeat. Measured on the US SimpleMaps import
(150,622 staged rows, 153,917 areas, 466,262 area writes): the normalizing phase costs
2,449 statements and 39.6 s written as sets, against 1,755,328 statements and 994.8 s
written one area at a time.
put_boundaries validates and repairs the accepted geometries, replaces each area's
boundary and subdivided parts, and recomputes its centroid from what it stored. The
Elixir put_boundary/5 API is a one-element plural call when its
simplify_tolerance is zero or omitted. A nonzero tolerance retains the original
singular SQL path and its display-geometry simplification behavior. The plural SQL
takes an explicit display_tier and source_properties per boundary instead.
Before touching a boundary row, both boundary calls acquire the collection's publication
lock and then recheck release mutability. Publication acquires that same lock before it
verifies a release. A writer that waited for publication therefore sees the completed
release and fails, while a publisher that waited for a writer verifies the writer's
committed result instead of an earlier snapshot. The plural call additionally upserts
every accepted release_area row in area-id order, so overlapping batches take membership
locks deterministically before either path locks boundary or boundary_part. Canonical
repaired geometry is materialized once and reused for centroid, boundary, and subdivision
writes.
Four rules govern what a batch means, and all four are things a naive batching would get
wrong:
	Arrays must agree in length, and may not carry a null where the column is
required. unnest pads a short array with nulls rather than failing, so a batch
assembled from two sources of different lengths would write rows the caller never
described. Mismatched lengths raise 22023; a null in a required column raises 22004.
The optional columns are put_area_name_many's locales, and
put_area_in_release_many's centroids and data.
	A key that resolves to nothing raises, with SQLSTATE P0002 and a message naming the
key. The plural forms resolve their keys by joining, and a join alone would drop the
unknown key's row and report success.
	Repeats within one batch are deduplicated on the constraint key. ON CONFLICT DO UPDATE raises 21000 when one statement presents the same conflict key twice, and a
batch legitimately repeats areas.
	Where a write is last-write-wins, the last occurrence in the arrays is the one that
wins. That is release membership (put_area_in_release_many overwrites centroid and
data), boundaries (put_boundaries keeps the last row for an area_key), and
relations (put_relation_many overwrites relation_type), matching what a loop of
scalar calls in the same order would leave. Names and codes accumulate instead, so
their deduplication changes nothing but the statement's legality.

One lock order for the whole write path
A plural write locks many rows per statement where the scalar beside it locks one, so two
of them running at once can only avoid a cycle by agreeing on an order -- and the agreement
has to hold between functions, not just inside each one. Two functions that each sorted
their own way would deadlock over any pair of rows they share, which is reachable in
ordinary use: import leases are scoped to a release, so two releases of one collection
normalize at the same time, and the normalizing phase issues an area upsert and a name
write for every page.
Two things enforce it, and each covers the other:
	lock_areas takes one pg_advisory_xact_lock per distinct area a batch is about to
touch, ascending by lock key, before the batch touches any row. The key comes from
area_lock_key(collection_id, composed_key), the single definition of what an area
serializes on, so a batch and a scalar upsert_area of the same area take the same lock.
Both upsert_area_many and put_area_name_many go through it. Because every lock is
taken before any row is written, two batches sharing an area can never both reach their
row writes.
	Every insert walks its own rows in constraint-key order, and where two functions
write the same table they use the same key. upsert_area_many inserts in area_key
order and put_area_name_many pre-locks the area rows in area_key order, so the two
agree even for a writer that skips the advisory lock.

put_area_name_many pre-locks at all because writing names fires the area_name statement
trigger, which updates area.official_name for every area the insert touched: holding
those rows first also stops the trigger computing a name from a set another batch has not
finished writing.
One consequence worth knowing: a batch holds one advisory lock per distinct area for the
length of its statement, so the batch size a caller chooses is what bounds its share of the
lock table (max_locks_per_transaction).
put_area_code_many, put_area_in_release_many and put_relation_many take no advisory
lock. They write area_code, release_area and relation, and reach area only through
their foreign keys, which take FOR KEY SHARE -- compatible with the FOR NO KEY UPDATE
the two functions above take, so no cycle can form against them. Each still orders its own
insert on its own conflict key, so two batches of the same kind agree.
None of this holds a lock across two calls: every function here is one statement, and a
caller that wraps several of them in one transaction is choosing its own lock ordering.
Concurrent partition DDL
open_release, create_release_partitions, and drop_release_partitions all take a
transaction-level advisory lock on partition_lock_key() before they touch anything, so
only one of them builds or drops a release's partitions at a time. This costs nothing that
partition DDL was not already going to cost, because creating or dropping a partition
takes an AccessExclusiveLock on the parent and those callers were never going to run
concurrently anyway. What it buys is that they no longer deadlock trying: creating a
partition clones the parent's foreign key to release, which needs a
ShareRowExclusiveLock on release, while the caller that just inserted that release row
holds a RowExclusiveLock on it, and two callers doing this at once each hold what the
other needs.
open_release takes the lock before its own insert, which is what makes it safe. A
caller that inserts a release row itself and then calls create_release_partitions does
not get that protection: its insert took a RowExclusiveLock on release outside the
lock, so two such callers running at once can still deadlock with SQLSTATE 40P01. Take
pg_advisory_xact_lock(partition_lock_key()) before the insert if you build release rows
by hand, or go through open_release, which does it for you.
upsert_area and upsert_area_type serialize on their own identity for a related reason:
area and area_type each carry two unique constraints, ON CONFLICT can name only one
of them as its arbiter, and a concurrent speculative insert that blocks on the other index
surfaces as a bare 23505 instead of taking the DO UPDATE path. Two callers upserting
different area type keys at the same rank do not serialize and still get the rank
violation, which is the constraint doing its job.
area_key is unique across the whole catalog, not within a collection. It is composed as
<authority_key>:<area_type_key>:<code>, so two collections that draw on the same
authority, name their area types alike, and carry the same code compose the same key, and
the second upsert_area fails with a bare 23505 on area_area_key_uq naming no
remedy. Global uniqueness is the binding model: an area_key is meant to identify one
real place no matter which collection reached it first. Give the two collections distinct
authority keys when they are genuinely describing different places.
boundary, boundary_part, relation, and release_area are all partitioned by
release_id. open_release creates a release's partitions as part of opening it, so a
release created through open_release is always ready for put_area_in_release,
put_boundary, put_boundaries, and put_relation to write to. create_release_partitions stays
available directly for a release row created some other way; omitting it before writing
to such a release fails with a no partition of relation ... found for row error, not a
silent no-op. Both boundary write forms ensure release membership, so a polygon-first
caller never needs to call both.
A direct catalog/bootstrap caller may use open_release and
create_release_partitions, but ingestion does not write by release id. prepare_import
creates the release and partitions and returns the run_id every ingestion mutation above
accepts. Each mutation proves that the run is the latest attempt, still owns the release lease,
and is in its permitted phase (normalizing or relating) before deriving the release id.
A published release is immutable. The run-fenced writers and attach_source_release call
assert_release_mutable and raise SQLSTATE 55000 when the derived or explicit release has
status completed or a non-null retired_at. attach_source_release is in that list because
provenance is part of what a release publishes. Build a new release and publish it to change
what clients see; there is no way to edit a published release in place.
Every write that targets an area also calls assert_area_in_collection, which raises
SQLSTATE 23503 when the area's collection_id does not match the release's. The boundary writes
additionally require that each source release id be one the release has already
declared through release_source (see Declaring provenance
below); an undeclared source release also raises SQLSTATE 23503. Both boundary writes reject
a geometry whose coordinates fall outside the SRID 4326 domain (longitude beyond ±180,
latitude beyond ±90) with SQLSTATE 22023.
Declaring provenance
The boundary writes' source release ids are not free-form: the release must declare them.
prepare_import records the source composition from the exact manifest; a direct catalog
caller can use attach_source_release, which links a release to a source_release it draws
data from. attach_source_release raises SQLSTATE 23503 if
either id does not exist, or if the source release belongs to a different collection than
the release. verify_release also fails a release that declares no source releases at
all, so attaching at least one is mandatory before publishing, even for a release with no
boundaries. The source and source_release rows themselves come from upsert_source
and upsert_source_release. put_artifact records what a source release's manifest
declares: the logical name, format, expected sha256, and expected byte count, all of them
required. record_artifact_observation records what one run actually fetched and is the
call that compares the two, raising SQLSTATE 23514 when the observed digest or byte count
differs from the declared one. A second identical observation is idempotent; a different
observation for the same run and artifact raises SQLSTATE 55000. A retry gets a new run
and new observation rows rather than rewriting the failed attempt's evidence.
Both boundary calls also follow each accepted source release through source_release to
source and independently check its collection. This is intentionally redundant with
attach_source_release: release_source is directly writable, and its foreign keys cannot
express that the release and source belong to the same collection.
Lifecycle
Move a release from staged to published, or roll one back.
	Function	Answers
	verify_release(target_release_id)	Check whether a release is ready to publish; returns a jsonb report
	verify_import(target_run_id, target_executor_id)	Verify the candidate owned by the current verifying attempt
	complete_import(target_run_id, target_executor_id, metrics_patch)	Verify and complete without publishing; merge final metrics
	publish_release(target_release_id)	Operator path: verify and publish a release with no active import
	publish_import(target_run_id, target_executor_id)	Complete the current publishing attempt and publish atomically
	rollback_publication(collection_key)	Swap the publication pointer to the previous release
	published_release(collection_key)	The release a collection publishes right now, or NULL
	retire_releases(collection_key, keep)	Drop older completed releases' partitions beyond a retention count

published_release is the pointer every read resolves through when it is given no
target_release_id, exposed as a function so a caller can name the same release across
several calls and know they all read one release rather than racing a publication that
lands between them. It returns NULL for a collection that has published nothing and for
a collection key the catalog does not carry, for the same reason release_at does: from
the caller's side there is no release to pin either way.
Publishing the release that is already published is a no-op: it appends no
publication_event row and leaves previous_release_id untouched, so
rollback_publication still reaches the last release that was actually swapped away
from, not the release that is currently published.
publish_import is the ingestion completion path. The run must be the latest leased
attempt in publishing; the function marks it completed, removes its lease, calls the
same verified pointer swap, and commits those effects atomically. A lost reply can therefore
be resolved by re-reading the run without risking a published release paired with a failed run.
complete_import is the corresponding non-publishing path. The run must be the latest leased
attempt in verifying; it re-checks required artifact observations and release invariants,
merges the verifying phase's final metrics, marks the release and run completed, and removes the
lease in one transaction without creating or changing a publication pointer. A later operator publication still goes through
publish_release and re-verifies the completed release.
publish_release remains available for deliberate operator work. It refuses a release with
an active import and refuses one whose latest import is not completed. It never substitutes for
publish_import midway through a run.
Publication and boundary writes serialize on the collection's publication advisory lock.
publish_release takes that lock before verify_release; each boundary writer takes it
before assert_release_mutable. This common order closes both race directions: neither a
write can commit after publication nor a publisher can accept verification performed before
a waiting writer committed.
retire_releases drops a retired release's partitions (boundary, boundary_part,
relation, release_area) to reclaim storage, and sets release.retired_at, but keeps
the release row itself - publication_event and import_run reference it, and
deleting the row would cascade both away, tearing holes in the sequenced event log hosts
poll and erasing import history. Re-running retire_releases does not re-retire a
release that already has retired_at set, and it never retires the currently published
release.
Import
A durable, exact-attempt state machine for a long-running import. Preparation, retry, executor
claim, every mutation, and publication serialize on the candidate's release key.
	Function	Answers
	prepare_import(manifest, claim)	Register an exact candidate and claim or diagnose its attempt
	retry_failed(failed_run_id, manifest, claim)	Replace one failed latest attempt with a newly claimed attempt
	claim_import_execution(target_run_id, target_executor_id)	Latch the one executor allowed to run a pending attempt
	heartbeat_import(target_run_id, target_executor_id, progress_patch)	Extend the current attempt's lease and merge progress
	advance_import(target_run_id, target_executor_id, next_status, metrics_patch)	Move the current attempt and merge stage metrics
	fail_import(target_run_id, target_executor_id, error_detail)	Mark an attempt failed and release its lease

manifest and claim are JSON objects. The claim requires owner and runner_backend and
accepts stale_after_seconds, a finite positive number defaulting to 900. Both preparation
functions return (decision, reason, release_id, run_id, attempt). prepare_import returns
enqueue/registered for a new candidate, enqueue/same_owner for a safe redelivery,
existing/completed for a completed unpublished candidate, or error with a closed reason such
as live_import, stale_import, failed, manifest_changed, or protected. An identical
failed candidate returns error/failed with its failed run id; a changed failed candidate returns
error/manifest_changed. It never reclaims a stale lease, rewrites a terminal attempt, or creates
a replacement for a failed attempt.
retry_failed is the only replacement path. It accepts only the latest failed attempt for the
same unprotected candidate, transactionally resets the candidate to the supplied exact manifest,
and creates a new run id and attempt number. The failed row, its manifest snapshot, artifact
selection and observations, metrics, and error remain immutable. Candidate mismatch, an older
attempt, a non-failed run, and a published or retired release return an error decision without
changing the catalog.
claim_import_execution returns one of claimed, occupied, completed, failed, missing,
or superseded. Only a pending latest attempt with an unclaimed lease can return claimed; the
first executor id is latched with its start time. A duplicate delivery receives occupied and
does no work. A stale heartbeat is evidence for an operator to fail and retry the attempt, not
permission to replace the executor in place.
Every phase and ingestion writer calls the same attempt fence: the run must be latest, leased,
mutable, and in the operation's permitted status. advance_import accepts only the next edge in
the fixed sequence from pending through publishing; it cannot skip a phase or create either
terminal status. fail_import is the sole path to failed, while publish_import is the sole
publishing path to completed; complete_import is the explicit non-publishing completion
path. fail_import refuses a completed run and is idempotent for an
already failed run, preserving the original error object rather than overwriting failure evidence.
Staging and analysis
A provider's parsed rows land in a table of their own, one per run, before anything
reaches the catalog. The table is UNLOGGED: its content is rebuilt from a checksummed
artifact after any restart, and skipping WAL is most of the reason staging is a separate
phase at all.
	Function	Answers
	staging_table_name(target_run_id)	The table name a run's staged rows live under
	create_staging(target_run_id, target_executor_id)	Create the active executor's table if absent, returning its name
	insert_staging_many(target_run_id, target_executor_id, artifacts, payloads, geometries)	Insert a run-fenced staging batch
	drop_staging(target_run_id, target_executor_id)	Drop the current executor's active staging table
	drop_staging(target_run_id)	Drop a terminal run's or orphaned staging table
	analyze_release(target_release_id)	Operator path: ANALYZE a release's partitions
	analyze_import(target_run_id, target_executor_id)	Analyze the release owned by the current indexing attempt

The name is derived from the run's uuid rather than supplied, so it is [0-9a-f_]+ by
construction and no caller-supplied text ever reaches an identifier. The staged table
carries artifact, payload (jsonb), and geom. Both drop forms are idempotent, but
their authority differs: a live executor supplies its identity, while the one-argument
operator form refuses an active run and is reserved for terminal or orphaned tables.
create_staging keeps whatever rows are already in the table -- it is CREATE TABLE IF NOT EXISTS and nothing more. A live executor calls its fenced drop_staging form first,
so the pass starts from an empty table rather than appending to an interrupted attempt's
rows. GeoGenius.Staging.reset/3 is that pair, and what GeoGenius.Pipeline calls.
analyze_release runs against the release's own partitions rather than the whole table.
The pipeline uses analyze_import, which applies the indexing-phase attempt fence before
delegating to that operator primitive.
Views
Every view here is an ordinary view a host can SELECT from and join against; none takes
an argument. Two of them assemble a join the import side would otherwise repeat at every
call site, and are read through GeoGenius.Catalog.
	View	One row per
	import_run_status	Import run, with its exact manifest, executor, lease, and metrics
	run_artifacts	Artifact selected by one exact attempt, with that attempt's observation
	release_artifacts	Artifact a release composes, observed by its latest completed attempt

import_run_status joins import_run to release and collection and left-joins the
lease, projecting run_id, release_id, collection_key, release_key, attempt,
status, owner, runner_backend, started_at, heartbeat_at, completed_at,
error, stage_metrics, progress, executor_id, execution_started_at, and manifest.
A terminal run has no lease row, so
heartbeat_at falls back to the run's own column and progress reads as {} rather
than NULL. This is what GeoGenius.status/2 reads, and what
%GeoGenius.ImportRun{}'s fields are named for.
run_artifacts joins one run's immutable artifact selection to its observations. It is the
forensic view for failed and successful attempts alike and projects run_id before the same
source, artifact, expectation, observation, and metadata columns described below.
release_artifacts joins the release's current composition through source_release and
source to artifact, projecting release_id, source_release_id, source_key,
source_release_key, collection_key, artifact_id, logical_name, url,
operator_supplied, format, expected_sha256, expected_bytes, observed_sha256,
observed_bytes, validated_at, and metadata. Its observation comes only from the latest
completed attempt; it never reaches backward into a failed run to make a release appear
validated. Before any attempt completes, the observation columns are null.
Published read views
The read views come in pairs. Each release_* base carries every release, published or
not, and stamps release_id on every row. Each published_* view is that base joined to
the publication pointer and nothing else, so none of them takes a release argument and a
pointer swap changes what all of them show at once, under MVCC, with no refresh step. The
Resolution and Traversal functions above query the bases, so a non-null
target_release_id reaches a release that is not the published one; GeoGenius.Published
does the same with its :release_id option.
A pair projects identical columns in identical order, so the same query shape works either
side of publication.
	Pair	Columns
	release_areas / published_areas	collection_key, release_id, area_id, area_key, authority, area_type, type_rank, name, centroid, attributes, retired_at
	release_area_codes / published_area_codes	collection_key, release_id, area_key, area_id, code_type, code_value
	release_area_names / published_area_names	collection_key, release_id, area_key, area_id, name, kind, locale
	release_relations / published_area_relations	collection_key, release_id, parent_area_id, parent_area_key, child_area_id, child_area_key, relation_type, intersection_area_m2, parent_coverage, child_coverage
	published_boundaries	collection_key, release_id, area_id, area_key, display_tier, geom, display_geom, valid_from, valid_to, source_properties

published_areas does not hide retired areas; retired_at is projected so a caller
decides. It is the only view that projects it at all, because retirement is a property of
an area rather than of a code, a name, or an edge between two areas. A caller filtering
retired areas out of codes, names, or relations joins the matching areas view on
area_id and release_id and filters there.
Codes and names hang off the area rather than off a release, and an area belongs to as
many releases as carry it, so release_area_codes and release_area_names yield one row
per release carrying the area. release_id is what tells those rows apart, and it is the
second half of any join back to an areas view; joining on area_id alone would pair a
code of one release with an area of another.
parent_coverage and child_coverage on published_area_relations are ratios from 0 to
1, not the 0-to-100 percentages area_match reports.
Choosing a read API
Three ways to read the same catalog, and the choice is not a matter of taste:
	Path	Reads through	Use it for
	GeoGenius's struct-returning functions	the SETOF functions, one call each	one area, one answer, %GeoGenius.AreaMatch{} back; a per-call :prefix; telemetry spans
	GeoGenius.Query	the same SETOF functions, as a query	:max_depth walks, trigram search_areas
	GeoGenius.Published	the read views, as Ecto schemas	joins, aggregates, set-keyed reads, and anything needing release_id or any other dropped column

A plpgsql SETOF function is an optimizer barrier: PostgreSQL cannot push a predicate, a
join qualifier, or a LIMIT inside one, so the whole set materialises before the caller's
own WHERE runs. Both function-backed paths pay that, and both project five of
area_match's sixteen columns. Counting host rows per area through
GeoGenius.Query.children_of/2 and through GeoGenius.Published.children_of/2 returns
the same rows, but only the second plans as an ordinary join, and only the second can join
a host projection table keyed (release_id, area_key) -- release_id never reaches the
function-backed result at all.
GeoGenius.Published exposes every column of published_areas,
published_area_codes, published_area_names and published_area_relations as a
read-only Ecto schema, takes [String.t()] where the function-backed API takes one
String.t(), and names every source with an Ecto binding (:area, :relation, :code,
:name) so a caller composes further without counting positions. Its :release_id
option swaps every source in the query onto the matching release_* base, so an
unpublished release reads through it too. It has no view-backed equivalent for spatial
resolution, name search, or a multi-hop walk; those stay with the functions above. See
reading.md for worked examples.
Indexing your own attribute keys
release_area.data -- attributes on the release_areas and published_areas views and
on %GeoGenius.AreaMatch{} -- holds whatever a provider put there. GeoGenius ships three
indexes on release_area: the (release_id, area_id) primary key, (area_id, release_id)
for the reads that arrive from an area with no release predicate, and a gist on centroid.
It ships none on data, and that is deliberate rather than an oversight:
test/pgtap/catalog/test_partition_index_propagation.sql asserts the shipped index set so
one cannot be added by accident.
No installed function issues a containment, key-existence, or jsonpath predicate against
data, and none orders by a value extracted from it -- every read carries the column
through as a projection. An index here would be write cost on every import with no read to
pay for it. The keys are also vendor-defined: a library that stays country- and
vendor-agnostic cannot know which of them a host ranks or filters on.
A host that does filter or rank on one adds its own, on the partitioned parent:
-- Containment and key existence: attributes @> '{"lsad": "county"}', jsonpath.
CREATE INDEX my_app_release_area_attributes_idx
  ON geo_genius.release_area USING gin (data jsonb_path_ops);

-- Ranking on one extracted scalar: ORDER BY (data->>'population')::numeric DESC NULLS LAST.
CREATE INDEX my_app_release_area_population_idx
  ON geo_genius.release_area (((data->>'population')::numeric) DESC NULLS LAST);
The two are not interchangeable. GIN serves containment and key existence and cannot serve
an ordered read at all: over a 31,000-row partition, a top-50 ranking query with only the
GIN index in place still read all 31,000 rows through a sequential scan and a top-N sort
(567 buffers, 5.2ms), and dropped to an index scan of 52 buffers and 0.2ms once the btree
expression index existed. In the other direction the selective containment count went from
1,134 buffers and 5.0ms to 14 buffers and 0.1ms once the GIN index existed, which the
btree cannot do.
The btree's ordering has to match the query's. A default (ascending, nulls last) btree
does not serve ORDER BY expr DESC NULLS LAST when any row is missing the key -- measured
at 371 buffers and 5.1ms with a plain index against 51 buffers and 0.09ms with a
DESC NULLS LAST one. Declare the index the way the ORDER BY reads.
Neither index is free on the write side: over a 31,000-row bulk insert the GIN index cost
roughly 20% more time, and it occupied 1.8MB against an 11MB partition. Add one because a
query needs it, not in case one might.
Reaching partitions from later imports
release_area is partitioned by release_id, and create_release_partitions builds each
release's partition with CREATE TABLE ... PARTITION OF. PostgreSQL propagates an index on
a partitioned parent to every partition created under it afterwards, so a host indexes
release_area once, on the parent, and every future release inherits it -- including a
partition dropped by retire_releases and rebuilt by a later import.
test/pgtap/catalog/test_partition_index_propagation.sql pins this end to end against
create_release_partitions itself, for both index shapes above.
Index the parent, never an individual partition: a per-partition index covers exactly one
release and the next import's partition would have none.
CREATE INDEX CONCURRENTLY is rejected on a partitioned table (cannot create index on partitioned table "release_area" concurrently), so the plain form above takes an
AccessExclusiveLock while it builds every existing partition. On a catalog small enough
that this is a moment, that is the whole procedure. On a large one, build it in the
supported three steps -- and note that a partition created between step one and step three
picks the index up automatically, so an import running alongside does not defeat it:
CREATE INDEX my_app_release_area_population_idx
  ON ONLY geo_genius.release_area (((data->>'population')::numeric) DESC NULLS LAST);

-- Per existing partition, one at a time:
CREATE INDEX CONCURRENTLY release_area_<suffix>_population_idx
  ON geo_genius.release_area_<suffix> (((data->>'population')::numeric) DESC NULLS LAST);
ALTER INDEX my_app_release_area_population_idx
  ATTACH PARTITION release_area_<suffix>_population_idx;
The parent index reads as invalid in pg_index until every existing partition has an index
attached, and becomes valid on the last ATTACH.
Error contracts
A write that must reference a row reports a missing row in one of three ways, and which
one depends on how the function looks the row up. Most raise SQLSTATE 23503, whether the
row is absent or present but belonging to a different collection; those two shapes read
differently and mean different things, so they are listed apart. SELECT ... INTO STRICT
lookups use the separate P0002 contract documented below.
A row the call names does not exist:
	Function	Message
	upsert_authority	collection % does not exist
	upsert_area_type	collection % does not exist
	upsert_source	collection % does not exist
	open_release	collection % does not exist
	retire_releases	collection % does not exist
	upsert_source_release	source % does not exist in collection %
	put_artifact	source release % does not exist
	record_artifact_observation	artifact % is not attached to import run %
	create_release_partitions	release % does not exist
	verify_release	release % does not exist
	attach_source_release	release % does not exist, source release % does not exist
	put_relation	area % is not a member of release % (parent, then child)
	advance_import	import run % does not exist
	fail_import	import run % does not exist
	create_staging	import run % does not exist
	insert_staging_many	import run % does not exist
	heartbeat_import	executor % does not own import run %

The row exists but belongs somewhere else:
	Function	Message
	put_area_in_release, put_boundary, put_boundaries (via assert_area_in_collection)	area % belongs to collection %, but release % belongs to collection %
	attach_source_release	source release % belongs to collection %, but release % belongs to collection %
	put_boundary, put_boundaries	source release % is not declared by release %

An unresolved key raises PL/pgSQL's own P0002 (no_data_found), from one of two places.
A lookup written as SELECT ... INTO STRICT raises the bare message query returned no rows, naming neither the function nor the value that was not found. A plural write
resolves its keys by joining instead, and reports an unresolved one through
assert_resolved, which raises the same SQLSTATE with the same wording and appends the key
-- query returned no rows for area key acme:city:portland. The five scalar writes
delegate to their plural forms, so they carry the named message too. Every site, and what
makes it fire:
	Function	Missing row that raises P0002	Message
	upsert_area, upsert_area_many	an unknown authority_key or area_type_key	named
	upsert_area, upsert_area_many	an unknown collection_key	bare
	put_area_name, put_area_code, put_area_in_release, and their plural forms	an unknown target_area_key	named
	put_relation, put_relation_many	an unknown parent_area_key or child_area_key	named
	put_boundary	an unknown target_area_key	bare
	put_boundaries	an unknown target_area_key	named
	assert_area_in_collection	a release or area row deleted between the caller's lookup and this guard	bare

verify_release and publish_release each hold one INTO STRICT lookup as well, but
both check the release exists first and raise 23503, so neither reaches P0002 for a
release id that names nothing.
A provider emitting an unknown authority_key is the reachable ingestion path into this
family, and it is one of the sites that names the key.
Neither 23503 shape is expressible as a foreign key. An area and a release each reference their
own collection independently, and a source release does the same, so nothing in the
schema can say "these two must agree"; the write API says it instead, and
verify_release re-checks the membership rule at publication time rather than trusting
the writer.
23503 is not the only code these functions raise. 55000 covers an immutable release,
an illegal run phase, a superseded or unleased attempt, an attempt-level artifact observation
that another value already fixed, and a terminal status a caller tried to leave. Candidate
contention is returned as an error decision from prepare_import rather than raised as
55006; executor contention is the occupied result from claim_import_execution.
23514 has four producers, and the two most reachable are not the artifact check:
publish_release raises it for a release that fails verification, rollback_publication
for a collection with no previous release to roll back to, record_artifact_observation
for an artifact whose observed bytes do not match what the manifest expected, and the
publication trigger for a publication row pointed at a release that is not a completed
release of that collection.
22004 is a required argument left null, asserted for every guarded argument of every
guarded function in test/pgtap/invariants/test_required_arguments.sql.
The one-argument drop_staging(NULL) reaches staging_table_name, which raises 22004
on its behalf. Its two-argument sibling and create_staging use the shared attempt fence,
including its required-argument checks.
22023 is an argument outside its domain. It covers a geometry that is not SRID
4326, not a polygon type, or empty; a manifest or a resolve input that is not a JSON
object; an unknown relation type; an unknown import phase; a non-positive or non-finite
stale_after_seconds; a
keep below one; a max_depth below one; a longitude or latitude out of range; a
non-positive radius; and lon supplied without lat.
See installation.md for prefixes, upgrades, and the four notes on
retired areas, measured versus asserted relations, traversal depth, and reacting to
publication. The published_* views above are the read-side contract most hosts join
directly rather than calling a resolution function; GeoGenius.Published is the Elixir
surface over them.


  

    GeoGenius Design

Status: historical design notes. The current schema is installed and the public
contract lives in README.md, guides/sql_api.md, guides/ingestion.md,
and the shipped schema SQL. Do not treat this document as an
operator manual: several Import/Provider/Storage sketches here predate the
executor-fenced SQL (for example heartbeat_import/2 is now
heartbeat_import/3).
Scope: a standalone Elixir and PostgreSQL/PostGIS library, distributed on Hex, installable into
any Ecto-backed application. No HTTP layer, no UI, no frontend.

Goal
GeoGenius is a versioned catalog of named geographic areas and the primitives that resolve
locations into them.
A host application installs the package, publishes one or more area collections, and queries them:
which areas contain this point, which areas overlap this shape, which areas are near it, which area
does this postal code or place name identify, and what is the hierarchy above or below a given area.
The library owns the catalog and its resolution primitives. It never learns about the host's
records, tenants, roles, HTTP layer, or presentation.
Decisions
	PostgreSQL with PostGIS is an unconditional requirement. There is no metadata-only install
variant.
	The library ships catalog primitives only. Projections that join a host's records to areas are
host-owned and hand-written.
	The database is the API. Claims, transitions, composition, verification, publication, rollback,
retention, measurement, and resolution are named SQL functions shipped as versioned migrations.
Elixir is a thin shell.
	Hosts bind to the catalog by joining published read views. There is exactly one binding model.
Denormalization, where a host wants it, is a host-owned materialized view over the same join.
	The publishable unit is a collection, not a country. A national boundary vintage and an
operator's own territory set move through identical machinery.
	Area types are rows, not an enumerated type. Hierarchy is derived from measured relations, not
from a fixed depth.
	Overlapping areas are normal. The model never assumes areas tile a plane or that a point
resolves to exactly one area of a type.
7a. Geometry is optional per area. An area participates in a release through its release_area
 membership row; a boundary is an optional attachment. A reference hierarchy carrying only
 names, codes, centroids, and asserted relations is a first-class catalog. A collection
 declaring requires_geometry restores the strict check for sources that must be polygonal.
	Time is a query dimension. Every read function defaults to the collection's published release
and accepts an explicit target_release_id. A moment in time is resolved to a release id by
release_at(collection_key, as_of), which reads the durable publication event log, rather than
by an as_of parameter repeated on every signature: one resolution step, then an ordinary
pinned-release read.
	The catalog is tenant-free. Collections are the isolation unit.
	Schema migrations are raw SQL managed by EctoEvolver, installed under a host-selected prefix
through a host-owned, version-pinned Ecto migration.
	Execution is adapter-based. A supervised task is the safe zero-configuration default; durable
PgFlow execution is explicit because its finite job deadline is host policy for bounded work.
	GDAL is not a package requirement. Only providers that read shapefiles need it.
	Automatic bootstrap and artifact download are disabled by default. Starting a host application
never downloads or imports geographic data.
	Geometry crosses the Elixir boundary as a Geo struct, never as WKT or EWKT text, so
geo_postgis is a required dependency rather than an optional one. Text geometry would put
parsing and formatting on both sides of every read and make the host's own PostGIS queries
speak a different dialect than the catalog's.

Context
Three existing applications each hand-rolled a different subset of this problem, and none of the
three implementations is reusable by the other two:
	Concern	Implementation A	Implementation B	Implementation C
	Geometry	PostGIS polygons, versioned vendor releases	PostGIS points from vendor CSVs	No PostGIS; text columns only
	Identity	Stable composite keys, release-versioned	UUID foreign keys on host rows	Text name equality
	Resolution	Point in polygon	Postal, then name, then nearest point	String comparison
	Extras	Overlap measurement, publication, rollback	Ranked name search, radius, batch matching	Hierarchy rollups, cached counts

Between them they establish the required capability set: containment, overlap with coverage
measurement, radius, ranked name and alias search, code lookup, hierarchy traversal, versioned
publication with rollback, and per-area attributes usable for ranking.
The design generalizes that union. It does not encode any concept from the applications that
motivated it.
Domain Model
	Entity	Purpose
	collection	The publishable unit. Owns its area types. Published and rolled back as a whole.
	release	A version of a collection. Immutable from the moment it is published: the write API refuses to modify a completed or retired release, so a change to what hosts see is always a new release.
	source	A provider and dataset.
	source_release	A provider's semantic vintage.
	artifact	One file belonging to a source release: URL or operator-supplied key, expected bytes, SHA-256, license, required or optional.
	release_source	Which source releases compose a release.
	authority	The body that defines an area set and its codes, such as a statistical agency or an operator's own namespace. Registered per collection; a collection may draw on more than one.
	area_type	Rows scoped to a collection: code, label-neutral identity, and a rank used for ordering.
	area	Stable logical identity within a collection. Survives geometry change. Retired areas remain addressable and may declare a successor.
	area_name	Official names, aliases, mailing names, abbreviations, with kind and locale.
	area_code	Additional codes such as postal codes, GEOIDs, and administrative codes.
	release_area	An area's participation in a release, carrying its centroid and per-release JSONB attributes: population, density, timezone, risk tier, provider fields. Membership lives here, not on boundary.
	boundary	Canonical geometry plus simplified display geometry per zoom tier, per area, per release.
	boundary_part	Subdivided canonical geometry used by resolution queries.
	relation	A measured relation between two areas in a release: classification and ratio.
	publication	One row per collection pointing at the active release, retaining the previous release for rollback.
	import_run	The durable state machine: claim, lease, phase, heartbeat, metrics, terminal status, runner backend.
	publication_event	Durable record of a publication or rollback, for host-side cache invalidation.

Area keys
An area key is <authority>:<type>:<code>.
census:state:13
census:county:13121
census:zcta:30309
acme:territory:west
The authority segment implies jurisdiction, so no country segment is carried. A territory that
spans several countries has no ambiguous country field to fill in.
Database relationships use internal identifiers. URLs, saved filters, and host columns use the
portable area key, so a saved reference survives a database rebuild or a move to another host.
type_rank orders types within a collection. A query spanning several collections orders by
collection first, then by rank, because ranks from unrelated collections are not comparable.
Relations
Relations are measured, not asserted. Each carries a classification and a ratio:
contains | mostly_contains | overlaps
A parent-child hierarchy is one traversal over relations. Many-to-many relations, such as a place
crossing county lines or a postal area overlapping several municipalities, are the normal case
rather than an exception.
Relations are release-scoped and may reference an area in another collection. Cross-collection
relation storage is not built in the first version; areas_for_geometry computes such an
association on demand.
Storage and PostGIS Practices
Canonical geometry is geometry(Geometry, 4326) with a check constraint restricting it to
polygonal types. Typing the column generically keeps a later widening to corridors or linear
features a migration rather than a redesign. Geodesic measurement casts to geography at call
time; both representations are never stored.
Two practices carry the design at scale:
	Subdivision. Large multipolygons make index scans return very large candidate geometries.
boundary_part stores ST_Subdivide(geom, 256) pieces keyed back to their area. Resolution
queries scan the subdivided table, then confirm against canonical geometry. This is the single
largest improvement for containment and intersection queries on national datasets.
	Partitioning. boundary, boundary_part, relation, and area_attribute are partitioned by
list on release_id. Retention becomes DETACH and DROP PARTITION, which is instant and leaves
no bloat, instead of a mass delete followed by vacuum.

Indexing and statistics:
	GiST on canonical geometry and on subdivided parts.
	GIN with jsonb_path_ops on attributes.
	GIN trigram on names.
	Unique B-tree on area identity per release.
	B-tree on codes by type and value.
	Raised statistics targets on geometry columns, with ANALYZE after load.
	Indexes are created after bulk load, never before.

Validity and display:
	ST_IsValid on ingest. ST_MakeValid repair is recorded as provenance, never applied silently.
	Display geometry is ST_SimplifyPreserveTopology followed by ST_QuantizeCoordinates, stored per
zoom tier.
	Classification always uses canonical geometry. Simplified geometry is only for rendering.

Loading:
	UNLOGGED staging tables, COPY in, validate, then insert into logged partitioned tables.
	Rows and files stream. A national dataset is never held in application memory.

Function hardening:
	All functions are SECURITY INVOKER with a pinned SET search_path.
	Read functions are STABLE; write functions are VOLATILE.
	Advisory locks are transaction-level only. No session-level lock is held across a download or a
long import stage.
	Any dynamic staging identifier is validated against a package-owned pattern and quoted.

SQL API Surface
Published read views
Reads go through the publication pointer, so swapping a release changes every host's results
atomically under MVCC. No materialized view refresh window exists. Materialized views are added only
where measurement proves one necessary.
	View	Contents
	published_areas	area_key, collection, authority, area_type, type_rank, name, centroid, attributes
	published_area_codes	area_key, code_type, code_value
	published_area_names	area_key, name, kind, locale
	published_area_relations	left area, right area, classification, ratio
	published_boundaries	canonical geometry, display geometry per tier

Only published_boundaries requires PostGIS at query time. A host whose records carry no
coordinates joins codes and names instead, using the same catalog and the same identity.
Result shape
Every query function returns one composite type, so host code and generated types stay uniform:
area_match(
  collection_key, release_id,
  area_key, authority, area_type, type_rank,
  name, codes, centroid, attributes,
  match_method,
  distance_m,
  intersection_area_m2, coverage_of_input, coverage_of_area,
  score
)
Measurement columns are null where they do not apply. A containment match carries no coverage; a
proximity match carries no intersection area; only a search carries a score.
Functions
	Function	Behavior
	areas_for_point(lon, lat, ...)	Boundary-inclusive ST_Covers
	areas_for_geometry(geom, ...)	ST_Intersects, then geodesic intersection area. Zero-area edge contact is excluded. Returns coverage of the input and coverage of the area.
	areas_near(lon, lat, radius_m, ...)	ST_DWithin on geography, ordered by distance
	areas_by_code(code_type, code_value, ...)	Geometry-free lookup
	search_areas(query, ...)	Name and alias search, ranked, attribute-weightable
	children_of(area_key, ...)	Relation traversal downward
	ancestors_of(area_key, ...)	Relation traversal upward
	related_areas(area_key, classifications, ...)	Arbitrary measured relations
	resolve(input, ...)	The cascade below

Optional named parameters shared across all of them: collections, types,
target_release_id, result_limit, include_retired. A caller holding a timestamp rather than
a release id gets one from release_at(collection_key, as_of) first.
No function reads session state, a role, or a tenant identifier. A host passes what it needs
explicitly.
The resolution cascade
resolve/2 tries strategies in order of the authority of the signal, stamping match_method and a
confidence on the result:
	containment: if the input carries coordinates, point in polygon wins.
	code: exact postal, administrative, or provider code match, scoped by a parent area. A code
is unique only within a parent, so a slug or a local identifier needs the parent to tell twenty
candidates apart.
	name: normalized name or alias, scoped by a parent area.
	proximity: nearest area within a bounded radius.

Containment precedes code deliberately. Postal geographies are approximations of delivery networks
rather than authoritative boundaries, so a real coordinate is the stronger signal. A host that needs
a different order passes a strategies list to reorder or restrict the cascade.
Publication signalling
Publishing or rolling back writes a durable publication_event row carrying a monotonic
sequence suitable for cursor-based polling. That row is the entire contract, and the library reads
no host table.
The library emits no pg_notify. A fixed, library-chosen channel name is integration policy rather
than a catalog primitive, and NOTIFY is session-scoped and lossy: it reaches only sessions holding
a LISTEN at that instant, and is dead entirely under a connection pooler in transaction mode. A
host could not distinguish "no publication happened" from "the notification was lost", which is a
worse contract than shipping no signal at all.
A host wanting low-latency wakeups adds its own AFTER INSERT trigger on publication_event. That
is strictly better: the host chooses the channel name, the payload, and the delivery mechanism, and
because the trigger runs in the inserting transaction it keeps commit-then-deliver ordering. The
durable row remains the source of truth; any notification is only a hint that polling is worthwhile.
Note that sequence values are assigned before commit, so a reader polling by cursor may briefly see
a gap that later fills. Poll with a small lag, or treat the highest contiguous value as the
watermark.
Import and Publication
Phases:
pending -> downloading -> validating -> staging -> normalizing ->
relating -> indexing -> verifying -> publishing -> completed | failed
import_run in PostgreSQL is authoritative. No process memory holds import state.
	Function	Role
	prepare_import(manifest, claim)	Reuse the exact current candidate or create its first immutable attempt
	retry_failed(run_id, manifest, claim)	Create an explicitly corrected attempt after a durable failure
	claim_import_execution(run_id, executor_id)	Atomically select the sole executor for a pending attempt
	heartbeat_import(run_id, progress)	Renew liveness and record progress for the owning attempt
	advance_import(run_id, executor_id, phase, metrics)	Advance exactly one nonterminal phase and record progress
	fail_import(run_id, executor_id, error)	Terminal, inspectable, retryable
	verify_release(release_id)	Invariants before publication
	complete_import(run_id, executor_id, metrics)	Verify and complete an import without publishing
	publish_import(run_id, executor_id)	Verify, complete the import, release its lease, publish, and emit the event atomically
	publish_release(release_id)	Publish a release that has no import history, for deliberate catalog administration
	rollback_publication(collection)	Revert to the retained previous release
	retire_releases(collection, keep)	Drop partitions, mark the release retired, keep its row
	release_at(collection, as_of)	The release a collection had published at a moment

Candidate identity and retry are explicit. Calling prepare_import again for the same exact
candidate returns its existing attempt; it does not overwrite the manifest, source declarations,
artifact evidence, or failure. Once that attempt has failed, ordinary preparation returns a
structured refusal for both identical and changed manifests. A retry starts only through
retry_failed, receives a new attempt number, and retains the failed attempt as immutable evidence.
Execution is also explicit. A pending attempt must win claim_import_execution before doing any
work, and there is no executor takeover. Every import-owned write is fenced by the current run, so
a duplicate, failed, or superseded worker cannot continue mutating the candidate release.
An independently supervised execution guardian monitors the process that performs that claim.
If the process dies while the Repo remains reachable, the guardian records failure with the exact
executor identity. It cannot cover whole-node loss or dependency shutdown after the host Repo has
already stopped; those remain operator-visible abandoned attempts, never automatic takeovers.
Verification invariants include: required area types present, area counts within configured
thresholds, all geometry valid, no orphan relations, every member area belonging to the release's
own collection, unique identity per release, and every declared code resolvable.
Retention reclaims a release's bulk data by dropping its partitions and marking the release
retired. The release row itself is kept, because publication_event and import_run reference it:
deleting it would cascade both away, tearing holes in the monotonic event sequence hosts poll and
erasing import history the catalog keeps indefinitely.
Publication is fail-safe. A failed candidate leaves the current release, its boundaries, and every
host join untouched. An imported release becomes visible only when publish_import completes the
run, removes its lease, swaps the publication pointer, and records the event in one transaction,
after every required selected artifact has a validated observation and all source, relation,
index, and catalog validations complete. Phase changes follow the fixed sequence and cannot skip
ahead or create a terminal state; fail_import, complete_import, and publish_import own the
terminal transitions. The completion-only path performs the same validation without changing the
publication pointer.
Retention keeps the active release and one previous complete release. Source and import history are
kept indefinitely; they are small.
Elixir Shell
Elixir performs only what PostgreSQL cannot:
	manifest decoding and validation;
	streaming HTTP download;
	checksum and byte verification;
	artifact cache management, including operator-supplied licensed files;
	external command invocation;
	long-stage supervision and heartbeats;
	issuing narrow calls into the SQL API;
	mapping result rows to structs;
	telemetry.

It does not reimplement locking, transitions, verification, publication, retention, measurement, or
resolution.
Adapters
Each adapter is a behaviour with a name-to-module registry and a configured/0 reading application
environment. Optional dependencies are reached through Code.ensure_loaded?/1 and
function_exported?/3 so the library compiles without them.
	Behaviour	Default	Alternatives
	GeoGenius.Runner	Runners.Task	Runners.PgFlow, Runners.Inline, host adapters
	GeoGenius.Store	Stores.Postgres	host repo seam
	GeoGenius.Cache	Caches.FileSystem	object storage
	GeoGenius.Downloader	Downloaders.Req	any HTTP client
	GeoGenius.Command	Commands.System	test stub
	GeoGenius.Notifier	Notifiers.Noop	host event delivery
	GeoGenius.Provider	none	Providers.Census, Providers.GeoJSON, Providers.CSV

The runner backend name is persisted on import_run.runner_backend, so a later status query or
cancellation routes to the correct backend even if configuration changed since the run started.
Provider behaviour
The provider is the generality hinge. Six callbacks describe any source:
	Callback	Responsibility
	area_types/0	Types and ranks contributed to the collection
	manifest_schema/0	Shape of a reviewed release manifest
	artifacts/1	Files a release requires or optionally uses
	stage/2	Load one artifact into staging
	normalize/1	Staging rows into canonical areas, names, codes, attributes, geometry
	relations/1	Which relations to measure for this collection

A national boundary vintage and a single uploaded GeoJSON of delivery zones implement the same six
callbacks. Because only shapefile-reading providers invoke GDAL, a host that publishes GeoJSON or
CSV collections never installs it.
Manifests
A reviewed manifest names a provider, dataset, semantic vintage, exact artifact URL or
operator-supplied cache key, expected archive members, expected bytes, SHA-256, license and
attribution, and which artifacts are required.
Shipping a manifest is how a new release becomes available. Nothing discovers or follows a mutable
"latest" URL. Licensed artifacts are operator-supplied into the cache or fetched from an approved
internal mirror.
Public API
GeoGenius.import(collection: "acme_territories", release: "2026-q1")
GeoGenius.status(run_id)
GeoGenius.await(run_id, timeout)
GeoGenius.publish(release_id)
GeoGenius.rollback(collection)
GeoGenius.published_release(collection)

GeoGenius.resolve(input, opts)
GeoGenius.areas_for_point(lon, lat, opts)
GeoGenius.areas_for_geometry(geom, opts)
GeoGenius.areas_near(lon, lat, radius_m, opts)
GeoGenius.search_areas(query, opts)
GeoGenius.children_of(area_key, opts)
GeoGenius.ancestors_of(area_key, opts)
Reads return %GeoGenius.AreaMatch{}.
GeoGenius.Context carries repo, prefix, and adapter overrides. The application environment
describes exactly one host; a VM serving multiple hosts passes an explicit context to every call.
Geometry is a Geo struct on both sides of a read: centroid arrives as a %Geo.Point{}, and
areas_for_geometry takes a %Geo.Polygon{} or %Geo.MultiPolygon{} and binds it directly. That
requires the host's Repo to run on a Postgrex types module registering Geo.PostGIS.Extension.
GeoGenius.PostgresTypes is that module for a host with none of its own; a host that already
defines one adds the extension to it instead. The types module chooses no JSON library, leaving
config :postgrex, :json_library to the host, because codes and attributes cross as decoded
maps through whichever library the host already runs.
Composable queries
The struct-returning API answers one question per call, which is the wrong shape for the one
question a host asks about its own data: how many of my records fall in each of these areas.
Answering that through children_of/2 means one catalog read plus one query per area returned.
GeoGenius.Query returns an Ecto.Query.t() over the same SQL function instead, so the catalog
read becomes a subquery inside the host's own query and the join, the grouping, and the aggregate
all happen in one round trip:
from(area in subquery(GeoGenius.Query.children_of("us:state:pa", types: ["city"])),
  left_join: record in MyApp.Record, on: record.area_key == area.area_key,
  group_by: area.area_key,
  select: {area.area_key, count(record.id)})
It covers children_of, ancestors_of, areas_by_code, and search_areas, the reads a host
joins against. The join is on area_key, the same stable identifier the binding model uses
everywhere else, so nothing about the host's side of the join changes.
The schema prefix is the one thing it cannot take per call. Ecto requires a fragment's SQL to be a
literal, so the prefix is read at compile time and a per-call :prefix raises rather than
silently reading the wrong schema. A host serving several catalogs from one VM uses the
struct-returning API, which resolves the prefix through GeoGenius.Context on every call.
Startup preflight
A misconfigured database must fail loudly at boot, not on the first query. GeoGenius.verify!/2
checks, against an explicit repo and prefix:
	every required PostgreSQL extension is installed, not merely available, and sits on the search
path the catalog's functions pin;
	the Repo decodes PostGIS geometry, which every match's centroid and every geometry argument
depends on;
	the Repo decodes jsonb, which codes and attributes depend on in every projection;
	the prefix schema exists and carries the version-tracking view;
	the installed schema version equals the version the loaded code expects.

Each failure raises with the specific remedy: which extension to create, which types module to
register, which JSON library to configure, which migration to run, or which version mismatch was
found. The last check is the one that catches code deployed ahead of its migration, a failure that
otherwise surfaces later as an undefined-function or missing-column error far from its cause.
The two decode checks are separate because geography and jsonb are decoded by different Postgrex
extensions: a Repo can decode one and not the other, and a Repo that cannot decode jsonb passes a
geometry-only probe and then loses its connection on the first real read.
GeoGenius.Preflight wraps the same check as a supervisor child. The host places it in its own
supervision tree immediately after its Repo, because dependency applications boot before the host
application and :geo_genius cannot see a Repo that has not started yet. The library's application
callback therefore starts only process infrastructure that needs no host Repo at boot: the
execution-guardian supervisor and, unless the host configured its own, a Task.Supervisor for the
default asynchronous runner. GeoGenius.Preflight deliberately does not belong to that package
tree.
The child returns :ignore on success, so nothing lingers in the tree, and raises on failure, which
aborts host startup. A host that prefers to decide for itself calls GeoGenius.verify/2, the
non-raising variant returning :ok | {:error, [reason]}, from a release task or a health endpoint.
Preflight duplicates the migration-time extension check on purpose: the SQL check guards the moment
the schema is created, when no schema yet exists to hold an Elixir-callable function, and the Elixir
check guards every boot thereafter.
GeoGenius.Bootstrap is an optional supervised child that idempotently enqueues the configured
desired release. It is disabled by default, so starting a host application never downloads or
imports anything.
Install and Versioning
defmodule GeoGenius.Migration do
  use EctoEvolver,
    otp_app: :geo_genius,
    default_prefix: "geo_genius",
    tracking_object: {:view, "geo_genius_version"},
    versions: [GeoGenius.Migrations.V01]
end
Version SQL lives at priv/geo_genius/sql/versions/vNN/vNN_up.sql and vNN_down.sql, using
$SCHEMA$ for the prefix and --SPLIT-- between statements. Package SQL never hard-codes a schema
name.
The host owns migration timing:
defmodule MyApp.Repo.Migrations.InstallGeoGenius do
  use Ecto.Migration

  def up, do: GeoGenius.Migration.up(prefix: "geo_genius")
  def down, do: GeoGenius.Migration.down(prefix: "geo_genius")
end
	Task	Role
	mix geo_genius.setup --repo MyApp.Repo --prefix geo_genius	Generate the pinned host wrapper. Never runs a migration.
	mix geo_genius.gen.migration --from N --to N+1	Generate one adjacent upgrade wrapper
	mix geo_genius.check_schema	Verify the installed version. A CI and deploy gate.
	mix geo_genius.uninstall	Explicit, confirmed teardown
	mix geo_genius.import	Start an import
	mix geo_genius.publish	Publish a verified release
	mix geo_genius.rollback	Revert a collection to its previous release
	mix geo_genius.status	Inspect runs and publications

Igniter hosts run mix igniter.install geo_genius.
Extensions are host-owned. PostGIS and pg_trgm are required. The install verifies their
presence and raises an instructive error rather than issuing CREATE EXTENSION, which assumes
privileges a library should not. mix geo_genius.setup --with-extensions emits the create
statements into the host's own wrapper for hosts that do hold those privileges.
Staging placement. Staging objects live inside the selected schema under package-owned,
strictly validated names, are UNLOGGED, and are created and dropped per run. No second schema is
required, so the single-placeholder behavior of the migration tool is never a constraint.
Down-migration policy. down is a true reversal: it drops objects and data. This is acceptable
because catalog content is derived. Every release is reproducible from a reviewed, checksummed
manifest. The policy is documented plainly rather than softened with a partial-teardown mode.
Repository layout
lib/geo_genius.ex
lib/geo_genius/{config,context,migration,error,telemetry}.ex
lib/geo_genius/migrations/v01.ex
lib/geo_genius/{runners,stores,caches,downloaders,commands,notifiers,providers}/
lib/mix/tasks/geo_genius.*.ex
priv/geo_genius/sql/versions/v01/{v01_up.sql,v01_down.sql}
priv/geo_genius/manifests/
test/
test/pgtap/
The pgTAP suite is a shipped artifact of the library, because the SQL is the API.
Implementation note: mix new geo_genius run inside the repository root creates a nested
geo_genius/ directory. Its contents move up one level so the package root is the repository root.
Testing
pgTAP is the primary specification. Tests are transactional, use tiny synthetic geometries, and
never download anything. Required coverage:
	stable identity across releases; retired areas and successors remain addressable;
	only published releases are visible;
	a failed candidate never replaces the active release;
	publication swap atomicity and rollback to the retained previous release;
	retention by partition drop;
	two concurrent claims yield exactly one winner;
	phase transitions, terminal states, single-executor claims, and explicit handling of a stale run;
	verification invariants fail closed;
	SRID enforcement and longitude/latitude ordering;
	boundary-inclusive containment;
	zero-area edge contact excluded from overlap;
	coverage ratios denominated against the correct operand;
	relation classification and ratios;
	cascade ordering, method stamping, and strategy overrides;
	radius, distance ordering, and search ranking;
	as-of and explicit-release queries;
	collection isolation, including that a failed import in one collection cannot affect another;
	presence of required indexes and constraints, function volatility, SECURITY INVOKER, and pinned
search_path.

Elixir tests cover manifest validation, cache hit and miss, partial-download cleanup, checksum
mismatch, stubbed command invocation, every runner adapter, provider callbacks against tiny
fixtures, and result mapping. HTTP is stubbed throughout.
Install integration tests are excluded from the default run and compile disposable host
projects to prove: clean install at the default prefix, clean install at a non-default prefix,
incremental upgrade across every supported version, rollback, check_schema gating, and a working
install with neither PgFlow nor Oban present.
Adoption
Each adoption is a separate change with its own spec and plan. Ordering is deliberate: the first two
hosts have no prior versioned catalog, so they exert the strongest pressure toward a host-neutral
API. The largest and most spatially sophisticated host adopts last, once the API has survived two
foreign hosts.
The library is expected to change during the first two adoptions. Until the third host begins, the
package is pre-1.0 and its API, schema version, and SQL contracts may break in response to what real
adoption exposes. Each host adoption runs on a branch named geo-genius cut from that repository's
main branch. The third adoption does not begin without explicit approval.
	First host. Replace a hand-rolled reference-data module set with the library: install, publish
a collection, add a thin host facade, and add a host-owned projection over the host's own point
geometry. Host records that are themselves polygons route through areas_for_geometry. A contract
test locks host-visible behavior before and after. A separate, later change drops the legacy
tables behind a data-completeness guard that refuses the drop if any legacy row is unrepresented.
	Second host. Add PostGIS. Replace a reference table and its materialized views with the
library. Because this host's records carry no coordinates, it joins published_area_codes and
published_area_names, and derives hierarchy rollups from published_area_relations. Host-side
caching stays host-side.
	Third host. Fresh branch off current main. Existing exploratory branches and stashes are
preserved untouched for historical reference and are read without being applied. Retained from
that prior work: metadata, development fixtures, the host's own wrapper functions rewired onto
library primitives, and the entire frontend layer. Removed: the in-repository catalog modules, the
large database adapter, and the catalog migrations, replaced by the library install wrapper plus
host-projection migrations.

Version pinning discipline: every host runs mix geo_genius.check_schema in CI and at deploy.
Out of Scope
	Any HTTP layer, controller, LiveView, GraphQL contract, or UI.
	Any frontend package, map component, drawing tool, or filter grammar.
	Tenancy, actors, roles, or authorization.
	Host record projections, counts, or option lists.
	Display labels for area types.
	Stored cross-collection crosswalk relations.
	Measured relations between areas of equal type_rank. Relation building compares a
lower-ranked area against higher-ranked ones within a collection, so two overlapping
areas of the same type produce no stored relation. Pairwise measurement within a type
is quadratic and does not survive census-tract scale. Such an overlap is still
discoverable on demand through areas_for_geometry.
	Geocoding of free-form addresses.
	Runtime dependence on any external boundary or geocoding service.
	Automatic discovery of mutable vendor release URLs.
	Non-polygonal area geometry in the first version.
	Raster data and three-dimensional geometry.
	Database engines other than PostgreSQL.

Acceptance
The design is delivered when:
	a clean install succeeds at the default prefix and at a non-default prefix;
	an incremental upgrade succeeds from every supported version, and rollback is tested and
documented;
	no host application table, role, tenant concept, or job framework appears anywhere in the package;
	the database state machine and publication behavior are exercised directly by pgTAP;
	Elixir contract tests run against the installed SQL API rather than against mocks of it;
	two concurrent import requests preserve exactly one active claim;
	a failed candidate release never replaces the current publication;
	a host can use the library with no Phoenix, no PgFlow, and no GDAL;
	a collection of operator-supplied polygons and a national vendor vintage are published through
identical code paths;
	a host whose records carry no coordinates can resolve and filter through codes and names alone.

References
	EctoEvolver: versioned raw-SQL migrations for libraries, $SCHEMA$ substitution, --SPLIT--
statement boundaries, tracking objects.
	BlogEngine: host-owned pinned migration wrapper, context-carried configuration, host behaviours,
conflict-safe generated scaffolds, check_schema gate.
	DripDrop: adapter behaviour with a name-to-module registry, optional dependencies resolved at
runtime, backend name persisted on the row so later operations route correctly.
	PostGIS: ST_Subdivide for large-polygon indexing, ST_Covers for boundary-inclusive
containment, ST_DWithin on geography for radius, ST_SimplifyPreserveTopology for display
geometry, declarative partitioning for versioned retention.



  

    Changelog

v0.2.0
Dependencies
	Optional pgflow now requires ~> 0.7.0 (core schema V03, helpers V07). Optional Phoenix
edge raised to ~> 1.8. GeoGenius ships no PgFlow schema and its geo_genius_import job needs
no new migration. Hosts using GeoGenius.Runners.PgFlow upgrade their PgFlow schema first,
following PgFlow's Upgrading to 0.7 and full upgrade guide.
	Schema version 2 repairs the display geometry both boundary writes derive, and is the
package's first adjacent upgrade. boundary.display_geom is
ST_QuantizeCoordinates(canonical, 6), and the column carries the same ST_IsValid and
NOT ST_IsEmpty checks the canonical column does. Quantizing moves every coordinate by up to
half a unit in the sixth decimal place, so a valid canonical geometry can quantize into an
invalid one -- a ring whose three distinct points differ only past that place collapses onto a
single point, and the row is rejected with
violates check constraint "boundary_display_geom_valid_chk". Because the write is a batch in
the normalizing phase, one such area failed a whole national import. put_boundary and
put_boundaries now repair the quantized geometry the way they already repair the canonical
one -- ST_MakeValid then ST_CollectionExtract(..., 3) -- and keep the canonical geometry
when the repair leaves no polygon at all. The check constraints are unchanged: a display
geometry still has to be a valid, nonempty polygon, and now it is one. Adds the
boundary_display_repair capability.
	Version 2 is a function replacement, not a table change. v02_up.sql and v02_down.sql are
CREATE OR REPLACE FUNCTION over the two boundary writes plus the two marker views, so a
schema at version 1 upgrades in place and keeps every row it holds, and either direction can be
applied to a live schema. Hosts on version 1 must apply it: generate the pinned wrapper with
mix geo_genius.gen.migration --from 1 --to 2, or render the SQL with
mix geo_genius.migration_sql --prefix <prefix> --from 1 --to 2 and its reverse. Upgrade before
the next import.

Installation
	Postgrex >= 0.20.0 and < 0.23.0 is supported. This includes hosts locked to
Postgrex 0.20 as well as the package's Postgrex 0.22 development baseline.
	GeoGenius.Migration.render_sql/1 and mix geo_genius.migration_sql render a
deterministic schema transition without starting a Repo or executing SQL. The task
requires --prefix, --from, and --to, writes only the rendered SQL to standard
output, substitutes the quoted host-selected schema, and renders the consolidated v1 install
or uninstall. GeoGenius still never migrates a host automatically; the host commits and applies
the rendered SQL or generated Ecto wrapper itself.
	Pre-production installs use a return-and-reinstall policy. Schema version 1 describes only
the package's current schema contract; no reconciliation API, task, or compatibility edge is
published for older development snapshots that also called themselves version 1. Return the
host-owned setup migration, update GeoGenius, reinstall v1, and run check_schema. This is a
destructive pre-production policy for catalogs reproducible from reviewed manifests and
checksummed artifacts, not a production migration strategy.
	PgFlow ~> 0.7.0 is an optional integration dependency. This establishes
dependency compile order whenever a host opts into PgFlow, so
GeoGenius.Runners.PgFlow.Job is compiled after PgFlow.Job; hosts without PgFlow still
compile without any optional dependencies.

Reading
	:limit accepts nil to mean no cap on GeoGenius.areas_near/4,
GeoGenius.search_areas/2 and GeoGenius.Query.search_areas/2, and result_limit
accepts an explicit NULL on the areas_near and search_areas SQL functions.
Both defaulted a nil to 50, so a caller that narrows the result afterwards -- by a
scope the catalog does not model -- had to name a number large enough to stand in for
the whole set. Omitting the option, or the argument, still means 50.
Reinstall the schema.

	Four set-keyed reads: children_of_many/2, ancestors_of_many/2,
related_areas_many/2, and areas_by_code_many/3, each taking a list where the
singular beside it takes a string, and each backed by a SQL function of the same name.
Resolving a list previously cost one round trip per element; a page issuing one call per
city paid several thousand. The plural result for [a, b] is the singular results for
a and then b, concatenated in the array's order; a seed that matched nothing
contributes no rows; an empty list returns nothing in one call; a nil list, or a nil
element inside one, raises. Measured over a 4,000-area release with 1,000 seeds on
loopback: 445ms for 1,000 singular calls against 52ms for one plural call.

	%GeoGenius.SeededMatch{} pairs the seed a row came from with the ordinary
%GeoGenius.AreaMatch{}, which is unchanged. The plural reads return it because one
result mixes rows from many seeds.
Enum.group_by(result, & &1.seed_key, & &1.match) regroups them onto the caller's list.

	GeoGenius.Store gains four callbacks -- children_of_many/3, ancestors_of_many/3,
related_areas_many/3, and areas_by_code_many/4. An out-of-tree store must implement
them to keep compiling.

	seeded_area_match is installed beside area_match: seed_key text followed by
area_match's sixteen columns in order.

	Three release-scoped base views -- release_area_codes, release_area_names and
release_relations -- join release_areas, and the four published_* views are now
each nothing but their base joined to the publication pointer. A pair projects identical
columns in identical order, so one read shape works either side of publication.
published_area_codes and published_area_names gain a release_id column: their
bases carry every release, so release_id is what tells apart the rows of an area that
several releases carry, and it is the second half of any join back to an areas view.
Reinstall the schema. release_id is inserted at ordinal 2 of both views, matching
where published_areas has carried it since the catalog was first installed, so the
four columns after it shift down by one rather than the new column being appended.
A host reading these views by name -- which every read in this library does -- is
unaffected. A host doing positional SELECT *, INSERT ... SELECT *, or reading result
columns by index sees those four move. Until the schema is reinstalled,
GeoGenius.Published.AreaCode and GeoGenius.Published.AreaName select a column the
installed views do not have, and every read through them fails with
undefined_column.

	No index is shipped on release_area.data, now as a tested decision rather than an
omission. No installed function filters or orders by it, GIN cannot serve the ordered
read a host actually wants there, and the keys are vendor-defined. guides/sql_api.md
documents both index shapes a host can add, which predicate each serves, and the
guarantee that an index on the partitioned parent reaches every partition a later import
creates -- pinned against create_release_partitions in pgTAP.

	GeoGenius.Published, a view-backed queryable. Read-only Ecto schemas over
published_areas, published_area_codes, published_area_names and
published_area_relations, plus composable query functions -- areas/1,
children_of/2, ancestors_of/2, areas_by_code/3, codes/1, names/1,
relations/1 -- each returning an Ecto.Query selecting whole structs. Two things it
fixes for a host that joins or aggregates against the catalog: a plpgsql SETOF
function is an optimizer barrier, so the whole set materialises before the host's own
WHERE runs, and GeoGenius.Query's selects project five of area_match's sixteen
columns. Every column of every view is exposed here, release_id included, so a host
projection table keyed (release_id, area_key) is joinable at last. Set-keyed: where
the function-backed API takes one area_key, these take a list. Sources carry Ecto
bindings (:area, :relation, :code, :name) for composing further. Its
:release_id option reads a release whether or not its collection publishes it, by
swapping every source in the query onto the matching release-scoped base view.

	GeoGenius.Query is not the join API. Its moduledoc said it was. It stays correct
and unchanged for what a view has no form for: :max_depth walks and trigram
search_areas/2. An unpublished release is served either way.


Projections
	GeoGenius.ReleaseArtifacts answers what files a release was built from and where
each one is on this machine. list/2 returns every artifact of a release, fetch/3
one by logical name, and path/3 a local file. Resolution goes through
GeoGenius.Cache for both downloaded and operator-supplied artifacts, so a licensed
file placed by hand -- which carries a cache_key and no url -- resolves the same
way a download does. :release_id reads a release other than the published one, which
is how a host fills a projection before the release goes live.
	GeoGenius.ArtifactError carries :reason -- :no_published_release,
:unknown_artifact, :invalid_cache_key, or :not_cached -- and, for :not_cached,
the cache key and the path the artifact was expected at, so an operator reading the
message knows where to put the file.
	GeoGenius.Pipeline.Artifacts derives its cache keys through
GeoGenius.ReleaseArtifacts.cache_key/1, so a release is addressed the same way by the
import that wrote it and the host that reads it afterwards.
	guides/projections.md documents the pattern: a host-owned table keyed
(release_id, area_key) holding a source's own columns, why it is keyed that way, how
to repopulate it for a new release, and how to prune rows for retired ones.

Provider contract
	asserted_relations/2 is a required callback. A provider returns the relation edges
one staged row states outright, as {parent_area_key, child_area_key, relation_type}
tuples, for the hierarchy no overlap test can derive: a county FIPS on every city row, an
admin parent code on every place, or a source with no geometry at all. It composes with
relations/1 rather than replacing it, and both land in the same release. An
out-of-tree provider must add one line to keep compiling:
@impl GeoGenius.Provider
defdelegate asserted_relations(manifest, row), to: GeoGenius.Provider, as: :no_asserted_relations

	normalize/2 may return a list of areas. A source that denormalises a hierarchy into
every row -- a city row carrying its county and its state -- describes several areas, and
returning them together is cheaper and truer than staging the same row once per level.
Areas repeated across rows converge on area_key. Returning a single {:ok, area} is
unchanged.

	GeoGenius.Provider.Area.key/1 is public. It composes an area's catalog key --
authority_key, area_type_key and code joined by : -- which is the same
composition PostgreSQL stores in area.area_key and the string form both ends of an
asserted edge take. A provider asserting edges composes keys through it rather than
re-deriving the format.

	GeoGenius.Manifest enforces :authorities. The field was already required and
non-empty at load; it is now in @enforce_keys too, so a %GeoGenius.Manifest{} built
in Elixir cannot default it to nil and reach registration as a Protocol.UndefinedError
instead of an error naming the field.

	The relating phase writes asserted edges as well as rebuilding measured relations,
streaming staged rows in pages and heartbeating the run's lease between them. It measures
asserted_relations beside relations.


Providers
	Shapefile staging now streams a GeoJSON Feature sequence in bounded batches. The
provider runs GDAL's ogr2ogr -f GeoJSONSeq -t_srs EPSG:4326 -lco RS=NO, then decodes
one newline-delimited feature at a time instead of loading a converted FeatureCollection
into memory. Plain LF-delimited and RFC 8142 record-separator sequences are accepted;
the shapefile provider requires an installed ogr2ogr binary.
	implied_areas, a manifest option on both generic providers, lets a source row
describe parent areas it names only by code in other columns, and asserts an edge from
each of them to the row's own area. A source that carries a grouping code on every
record describes that grouping as well as the record, and staging the same file a second
time under a second manifest to reach it was the only way to get those areas before.
Each entry names an "area_type", the column carrying the code -- "code_property" for
GeoGenius.Providers.GeoJSON, "code_column" for GeoGenius.Providers.CSV -- a
"names" map from code to display name, an optional "authority", and an optional
"relation" defaulting to "contains". An implied area carries no geometry and no
centroid, since a grouping a source names only by code has no shape of its own there,
and areas implied by several rows converge on area_key exactly as areas returned by
normalize/2 always have. A blank code implies nothing and is not an error, because a
column populated for most rows and blank for a few is ordinary; a populated code with no
entry in "names" fails the release, because keying an area with no name would publish
an unlabelled one.
	validate_options/1, an optional provider callback, is handed a manifest's whole
options map at load, once every key required_options/0 names is known to be present,
and the error it returns becomes a GeoGenius.ManifestError naming the field. This is
where a provider checks the options only it understands: the option vocabulary is
per-provider, so the same document can be valid under one provider and invalid under
another, and manifest validation cannot check a provider's own keys on its behalf. The
shipped generic providers validate their implied_areas entries through it, so a
missing "area_type", an unknown "relation", a malformed "names" map, or an entry
written in the other provider's vocabulary now fails at load rather than per row,
partway through normalizing an artifact already downloaded and staged.
GeoGenius.Providers.Shapefile delegates to GeoGenius.Providers.GeoJSON, since it
names its options in the converted document's vocabulary. The callback is optional: a
provider that exports none is unaffected. Providers still validate what they read at the
point they read it, because a %GeoGenius.Manifest{} built in Elixir never passes
through GeoGenius.Manifest.from_map/2.
	A source names the provider that stages it, and a source that names none inherits the
release's own provider, so every existing manifest is unchanged. One release can now
draw on sources in different formats -- a delimited file and a shapefile archive in the
same release, converging on area_key. artifacts/1 is asked once per source with the
manifest narrowed to that source; stage/5 dispatches on the artifact; normalize/2 and
asserted_relations/2 dispatch on the row's artifact; relations/1 is the union, so
relations are rebuilt when any provider asks. Manifest validation now checks
required_options/0 and validate_options/1 for every provider a manifest names, and the
missing-key message names the provider that wanted it. A source's provider was
previously registered and round-tripped but never read.

Breaking
	GeoGenius.Pipeline.State no longer carries :provider. A run resolves several, so
the field is replaced by providers (the distinct modules, in source declaration order)
and artifact_providers (logical name to module). This is an internal pipeline struct
with no documented construction path outside the library.

	The area_types/0 provider callback is removed. It promised that a manifest
declaring no area_types would fall back to the provider's own, and nothing anywhere
read it: no call site existed in the pipeline, in registration, or in any shipped
provider, and the documented fallback was never implemented, so a manifest that relied
on it registered no area types at all. An out-of-tree provider should delete its
area_types/0 implementation, whose @impl now warns that the behaviour specifies no
such callback, and any manifest that leaned on the fallback must declare its
area_types itself. The shared no_area_types/0 body the shipped providers delegated
to is removed with it.


Ingestion
	Downloaders.Req retries rate-limited downloads from the top. A 429 or 503
response closes the handle, removes the partial file, waits, and requests the artifact again
over a fresh handle, up to :max_attempts times (default 5), honoring a Retry-After header
in seconds and otherwise doubling from one second. Req-level retry stays off because it
concatenates attempts into one file. Sequential national imports against Census, which
answers a burst of a few dozen requests with 429, previously failed the whole run.

	Downloaders.Req carries the reviewed byte cap through Req.Request.put_private/3.
Passing the cap as a private: request option was rejected by Req before any bytes moved,
so every required artifact failed at downloading with unknown option :private. The
downloader now builds the request explicitly and enforces the cap while streaming; a body that
exceeds it is an error that leaves no partial file behind.

	Import ownership is exact-attempt and run-fenced. prepare_import/2 registers the exact
manifest and returns a candidate decision; retry_failed/3 is the only replacement path and
creates a new run while preserving the failed attempt's manifest, artifact observations,
metrics, and error. Release-owned ingestion writes now take run_id, verify the latest lease
and permitted phase, and refuse failed or superseded attempts.

	Executor ownership is single-flight. claim_import_execution/2 latches the first executor
for a pending attempt and returns occupied to duplicate deliveries. A stale heartbeat is
diagnostic and never authorizes takeover; an abandoned attempt is failed explicitly and then
retried as a new attempt.

	Import publication is atomic. publish_import/2 completes the publishing run, removes its
lease, verifies the release, and swaps publication in one transaction. publish_release/1
remains the operator API and refuses an active or incompletely imported release.

	Lost-reply and retry policy are explicit. Catalog mutations disable DBConnection checkout
retries. An unresolved executor claim terminalizes with the same executor id or keeps the
guardian armed. fail_import can claim an unclaimed pending lease in the same statement.
retry_failed is idempotent against its immediate pending successor. complete_import lost
replies reread completed instead of recording failure. Duplicate logical_name values across
sources are rejected. prepare_import no longer contains an unreachable reset branch.

	Six set writes: upsert_area_many, put_area_name_many, put_area_code_many,
put_area_in_release_many, put_relation_many, and put_boundaries, each taking one array per column
and pairing them by position, with GeoGenius.Catalog wrappers of the same names taking
a list of maps. The consolidated schema v1 includes the plural boundary write: it validates
and repairs each geometry, replaces each area's boundary and subdivided parts, and recomputes
its centroid in one round trip per batch. put_boundary remains compatible; zero tolerance
uses the plural path with one element, while nonzero display simplification retains the
singular SQL implementation.

	The normalizing and relating phases write a page as a set. Normalizing collects a
page of staged rows, then issues one statement for its areas, one for its names, one for
its codes, one for its memberships, and one for its boundaries; relating issues one for
a page's asserted edges.
Measured on the US SimpleMaps import (150,622 staged rows, 153,917 areas, 466,262 area
writes, 330,297 asserted edges), against the same data on the same machine:
	Phase	Before	After
	normalizing	994.8 s, 1,755,328 statements	39.6 s, 2,449 statements
	relating	162.7 s, 331,751 statements	20.4 s, 1,254 statements
	whole run	1183.5 s	85.5 s

The catalog the two runs left is identical, row for row.

	A batch that fails leaves none of itself written. A page is collected before any of
it is written, so a provider returning an illegal name kind, or a staged row naming an
artifact the run did not stage, fails the phase with nothing of that page written rather
than with the areas ahead of the failure already in the catalog. Earlier pages stay
committed during that attempt; a failed attempt is preserved and retried under a new run id.

	An unresolved key now names itself. The plural writes resolve keys by joining, and
report an unresolved one through the new assert_resolved guard, which raises the same
P0002 that SELECT ... INTO STRICT raised but appends the key: query returned no rows for authority key acme. Because the scalar writes delegate, they carry the named message
too. put_boundary and assert_release_mutable still raise the bare message.

	assert_write_arrays refuses a malformed batch. Arrays that disagree in length raise
22023, and a null element in a column that requires one raises 22004. unnest pads a
short array with nulls rather than failing, so without this a batch assembled from two
sources of different lengths would write rows the caller never described. The columns
that accept a null element are put_area_name_many's locales and
put_area_in_release_many's centroids and data.

	One lock order for the whole write path, through two new helpers: area_lock_key,
the single definition of what an area serializes on, and lock_areas, which takes a
batch's locks ascending by that key before the batch touches any row. Both
upsert_area_many and put_area_name_many go through it, and both walk their area
rows in area_key order, so the two agree at both levels. A plural write locks many rows
per statement where a scalar locks one, and import leases are scoped to a release, so two
releases of one collection normalize at once and the normalizing phase issues an area
upsert and a name write for every page: two functions each sorting their own way
deadlock over any pair of areas they share. put_area_code_many,
put_area_in_release_many and put_relation_many take no advisory lock -- they reach
area only through foreign keys, which take FOR KEY SHARE and cannot conflict with the
FOR NO KEY UPDATE the other two take -- and each orders its own insert on its own
conflict key. A batch holds one advisory lock per distinct area for the length of its
statement, so the batch size a caller chooses bounds its share of
max_locks_per_transaction.

	Repeats inside one batch are deduplicated on the constraint key, since ON CONFLICT DO UPDATE raises 21000 when one statement presents the same conflict key twice and a
denormalised source repeats the same county in every city row. Where a write is
last-write-wins -- release membership and relations -- the last occurrence in the arrays
wins, matching what a loop of scalar calls in that order would have left.

	GeoGenius.await/3's default timeout is now 1,800,000ms (thirty minutes), up from
300,000ms (five minutes) -- this changes default behaviour for existing callers. The
previous default did not cover the library's own flagship workload: a full US SimpleMaps
import measured at ~17 minutes (1015 seconds), so any caller awaiting one with no explicit
timeout failed on the default alone. The set writes above have since brought that same
import under two minutes, but the default stays where it is: a boundary-carrying
collection still spends significant time repairing, subdividing, and indexing geometry even
though boundaries are written once per batch, which is the shape the thirty minutes are for.
Resolution order is now the timeout argument, then
config :geo_genius, :await_timeout, then the 1,800,000ms library default, via the new
await_timeout/1 resolver in the library's internal config module -- the same
per-call-opts-then-app-env-then-default pattern manifest_paths/1 and the adapter
resolvers already use. :infinity remains valid at every level. A caller that already
passes an explicit timeout is unaffected.

	mix geo_genius.import --await participates in that resolution. The task carried a
300_000 default of its own and passed it to await/3 as an explicit argument, which
wins the order above, so config :geo_genius, :await_timeout could not reach the
library's own CLI and it still gave up after five minutes. --timeout now parses to nil
when absent, and the value the task reports on a timeout is the one the wait used.

	A staging pass empties the run's table before it writes to it. create_staging is
CREATE UNLOGGED TABLE IF NOT EXISTS, and nothing truncated, so an attempt that died
where GeoGenius.Pipeline's cleanup could not run -- a killed VM, a lost machine --
left its rows staged under the same run id and the next attempt appended to them. A
measured import reported 150,622 staged rows into a table holding 301,244. Doubling the
work is the mild half; the other half is that the stale rows are normalized too, so a
row deleted from the source between attempts is resurrected into the release. The new
GeoGenius.Staging.reset/3 drops and recreates the table, and the staging phase calls
it in place of create/3. No SQL changed: create_staging still keeps what it finds,
and a host driving staging through the SQL API calls drop_staging before it.

	Every authorities and area_types entry is validated field by field. An entry
naming no key, an authority naming no name, or an area type whose rank is not a
positive integer is refused by GeoGenius.Manifest.load/3 and from_map/2 with a
message naming both the field and the list it came from. Such an entry passed
validation and failed several phases later as a GeoGenius.CatalogError wrapping a
NOT NULL violation or a failed cast inside upsert_authority/upsert_area_type.
A manifest carrying one now fails at load rather than partway through an import.


SimpleMaps provider
	GeoGenius.Providers.SimpleMaps ("simplemaps") parses the SimpleMaps US cities and
US ZIP codes datasets into states, counties, cities and ZIPs, ranked 10/20/30/40. Both
files denormalise the hierarchy into every row, so counties and states are read out of
columns rather than off rows of their own, and the whole hierarchy is asserted from the
FIPS columns -- the data carries centroids and no boundaries, so relations/1 is :none.
It requires no manifest options; the artifact's logical_name, uscities or uszips,
selects the parser.
	Three authorities. Cities key under simplemaps, counties and most states under
census, and ZIPs under usps. Six state codes key under usps as well: AA, AE and
AP are USPS military-mail constructs and FM, PW and MH are the Freely Associated
States, and the Census assigns none of the six an ANSI code. A host looking a state up by
code queries both ansi_state and usps_state, or misses those six.
	A county hangs under the state its own FIPS names. A five-digit county FIPS begins
with the two-digit FIPS of the state that assigns it, and that prefix -- not the row's
state_id column -- is what asserted_relations/2 reads a county's state parent from.
The two disagree wherever a mailing address crosses a state line: ZIP 20041 carries
state_id DC and county_fips 51107, which is Loudoun County, Virginia, and 150 of the
source's 3,233 counties are named on rows of more than one state. A row whose county
lies in another state also yields that state as an area of its own, since
put_relation requires both ends of an edge to be members of the release. A county
whose prefix names no state GeoGenius.Providers.SimpleMaps.Fips carries gets no state
parent at all rather than a false one.
	GeoGenius.Providers.SimpleMaps.Fips states the state FIPS to postal code table the
above reads: the fifty states, DC, and the five inhabited territories the Census assigns
a state-level FIPS to. Neither source file carries the pair and no single row can
establish it, so it is stated in the provider, where the rest of this vendor's US
knowledge already lives.
	Row-scoped county validation. A row whose county_fips, county_fips_all,
county-name or county_weights columns contradict each other fails the release, naming
the column and the row. Cross-file agreement is deliberately not checked: it cannot be
seen from a single row. A uscities row naming no county fails; a uszips row naming
none hangs its ZIP off its state directly.
	A shipped manifest, us_simplemaps, declaring the collection, the three authorities,
the four ranked area types and both artifacts as operator-supplied cache keys. The files
are licensed downloads, so an operator places their copies in the cache and replaces each
artifact's sha256 and bytes with those of the copy they licensed.

v0.1.0
Initial release: a versioned catalog of named geographic areas, installed into a
host-selected PostgreSQL schema through EctoEvolver.
	Catalog identity — collections, authorities, area types (ranked), and areas with a
stable, human-readable area_key. Areas carry names (official, alias, mailing,
abbreviation), external codes, and an optional retired_at with a successor_id.
	Releases and membership — versioned releases with sources, source releases, and
checksummed artifacts. put_area_in_release/put_boundary record release_area
membership rows; geometry is an optional attachment to that membership, not a
condition of it. A collection can set requires_geometry to restore the strict
boundary check for release verification.
	Boundaries and relations — partitioned boundary/boundary_part tables (subdivided
index geometry for spatial joins), plus relation rows that are either measured from
geometry (rebuild_relations, populating intersection_area_m2/parent_coverage/
child_coverage) or asserted from source data (put_relation, leaving those columns
NULL). Both traverse identically.
	Publication lifecycle — verify_release, publish_release, rollback_publication,
and retire_releases, guarded by transaction-level advisory locks and a constraint
trigger that only allows a completed release to be published. Every publish or
rollback appends a row to the durable publication_event table.
	Reads — published_* views that resolve through the publication pointer, so a
release swap changes every view's results atomically under MVCC with no refresh step.
published_areas exposes retired areas (with retired_at) rather than hiding them.
	Resolution — areas_for_point, areas_for_geometry, areas_near, areas_by_code
(scoped to a parent area's descendants via parent_area_key/parent_max_depth), and
search_areas (trigram-ranked name search), plus children_of, ancestors_of, and
related_areas for hierarchy traversal. The resolve cascade tries containment, code,
name, and proximity in order against a single JSON input and returns the first
strategy's matches, with parent_area_key scoping the code and name strategies.
	Import runs — a durable exact-attempt state machine (prepare_import, retry_failed,
claim_import_execution, heartbeat_import, advance_import, fail_import) with one
executor per attempt and explicit retry. A stale run is never taken over or rewritten; its
manifest, artifact observations, metrics, and error remain evidence while a retry gets a new
run id. completed and failed are terminal, so a late error cannot overwrite history.
	Host integration — GeoGenius.Preflight for a startup-time prerequisite check
(extensions, geometry and jsonb decoding, and schema version), and mix geo_genius.setup,
mix geo_genius.gen.migration, mix geo_genius.check_schema, and
mix geo_genius.uninstall for install, upgrade, verification, and (opt-in,
--yes-gated) teardown.
	Elixir read layer — GeoGenius wraps all ten reads in %GeoGenius.AreaMatch{}
structs, and GeoGenius.Query composes a catalog read into a host's own Ecto query for
a single-round-trip join. Requires geo_postgis: geometry crosses the boundary as
Geo structs (centroid as %Geo.Point{}, areas_for_geometry's argument as
%Geo.Polygon{}/%Geo.MultiPolygon{}), never as WKT/EWKT text, and the host Repo must
be configured with a Postgrex types module registering Geo.PostGIS.Extension.
	Manifests — a reviewed JSON document per release, describing the collection, the
provider, the authorities its areas are keyed under, the ranked area types, every source
with its license and attribution, and every artifact with its URL or operator-supplied
cache key, expected SHA-256, expected byte count, archive members, and whether it is
required. GeoGenius.Manifest validates every field and names the one that was wrong;
to_map/1 round-trips, so the manifest stored on the release row rebuilds without
touching the filesystem. Manifests are searched for under
config :geo_genius, :manifest_paths, with the package's own
directory last so a host-shipped correction wins. authorities is a required, non-empty
list, because a collection may draw on more than one — a US release keyed partly by the
Census, partly by the USPS, and partly by a vendor's own identifiers names all three —
and every authority its areas are keyed under is registered when the release is opened.
	Artifact acquisition — a cache checked before any download, so a rerun costs
nothing and an operator-supplied file is the same lookup as a fetched one. Cache hits
are hashed on every run, and record_artifact_observation in PostgreSQL is the only
place an expectation meets an observation.
	Providers — GeoGenius.Provider (required_options/0, validate_options/1,
validate_manifest/1, artifacts/1, stage/5, normalize/2, relations/1, and
asserted_relations/2) with four implementations: Providers.GeoJSON, Providers.CSV,
Providers.Shapefile, and Providers.SimpleMaps; the shapefile provider converts its
archive through ogr2ogr. A host registers its own under
config :geo_genius, :providers.
	Adapters — GeoGenius.Cache (Caches.FileSystem), GeoGenius.Downloader
(Downloaders.Req, requiring the optional req dependency), GeoGenius.Command
(Commands.System, narrowed to ogr2ogr by Pipeline.CommandAllowlist before a
provider sees it), and GeoGenius.Notifier (Notifiers.Noop), each resolved from
options, then application environment, then the shipped default. A notifier cannot fail
an import.
	The import pipeline — GeoGenius.Pipeline walks a claimed run through downloading,
validating, staging, normalizing, relating, indexing, and verifying, advancing the
durable run row at each boundary and heartbeating its lease from inside long phases. It
opens no transaction around the full run, drops its staging table on success and failure
alike, records every failure durably, and uses publish_import for atomic completion and
publication.
	Runner backends — GeoGenius.Runner with Runners.Task (the zero-configuration
default, running each import under a supervised Task.Supervisor), Runners.Inline
(the calling process), and Runners.PgFlow (available only to a host that has installed
pgflow itself). The backend a run was claimed under is recorded on
import_run.runner_backend and resolves back to a module through
GeoGenius.Runner.module_for_backend/1. Nothing in the library reads it back: run
cancellation, the feature that would have, is not shipped, and the column stands as the
durable record of which backend claimed a run.
	Elixir ingestion API — GeoGenius.import/1, retry_failed/2, status/2, await/3,
publish/2, rollback/2, and published_release/2. Registration is idempotent end to
end, failed replacement is explicit, and importing never publishes unless asked.
	Operational mix tasks — mix geo_genius.import, mix geo_genius.publish,
mix geo_genius.rollback, mix geo_genius.status, and mix geo_genius.sweep_staging.
The two that change what hosts see, and the one that drops tables, do nothing without
--yes.
	Boot-time enqueue — GeoGenius.Bootstrap, an optional child a host places in its
own supervision tree, disabled unless config :geo_genius, :bootstrap sets
enabled: true.
	New SQL — prepare_import, retry_failed, claim_import_execution,
publish_import, upsert_source, upsert_source_release, put_artifact,
record_artifact_observation, open_release, attach_source_release,
staging_table_name, create_staging, insert_staging_many, drop_staging,
analyze_release, analyze_import, and published_release, plus the
import_run_status, run_artifacts, and release_artifacts views.

Registration
	GeoGenius.Registration.prepare_import/3 and retry_failed/4 translate the catalog's closed
candidate decisions into the public import lifecycle. Registration and attempt creation are
one transaction; retry targets one failed latest run explicitly rather than reopening it.

Deliberate deviations from the specification
	GeoGenius.Providers.Shapefile ships in place of Providers.Census. Nothing in
it is Census-specific: it unpacks an archive, converts it with ogr2ogr, and parses
the result. A Census collection is a manifest, not a module, and naming the provider
after one publisher would have implied a second module was needed for the next one.
	GeoGenius.Runners.Inline ships in place of Runners.Test. It is not a test
double. It is the backend a host with no PgFlow and no Task.Supervisor actually runs
imports under, and a name saying otherwise would have steered hosts away from the only
backend available to them.
	Runners.Oban is not shipped; Runners.PgFlow is the only durable backend. The
GeoGenius.Runner behaviour is the extension point for exactly this case: a host that
wants an Oban-backed runner implements name/0, available?/0, and enqueue/3
itself, which is the reason the behaviour exists rather than a fixed backend list.
	The library declares a mod: application callback, where the specification says it
starts no supervision tree of its own. The tree holds at most one child, a
Task.Supervisor registered as GeoGenius.TaskSupervisor, and starts nothing at all
when config :geo_genius, :task_supervisor is already set at boot. Without it,
Runners.Task required a host to both configure a supervisor and start it, and
configuring only the first selected the Task backend and then failed to enqueue; the
practical default was therefore Runners.Inline, which blocks the caller for the
length of an import. A Task.Supervisor carries none of the boot-order risk that rule
exists to avoid: it needs nothing to start and does no work until a host calls
GeoGenius.import/1. Its shutdown is the caveat. :geo_genius stops after its host,
so the library's own supervisor is stopped only once the host's Repo has already gone,
and an import still running then keeps running against a Repo that is no longer there.
A host that cares about shutdown ordering sets config :geo_genius, :task_supervisor
to a supervisor it places after its own Repo, which this library cannot arrange from
the outside. GeoGenius.Preflight deliberately does not join this tree.
	The provider callback arities are stage/5, normalize/2, and relations/1,
where the specification writes stage/2 and normalize/1. A provider needs the
manifest on every call, and stage needs an emit function to hand batches to and an
adapter list to shell out through. The six callbacks and their responsibilities are
otherwise unchanged. This is the deviation that matters most to a reader, because
every host writing its own provider implements these exact signatures.
	Runners.Task resolves its supervisor from two tiers, not three, and
Runners.Task.available?/1 does not exist. The specification's per-call opts tier is
gone: resolution reads config :geo_genius, :task_supervisor and falls back to
GeoGenius.TaskSupervisor, and the behaviour callback is available?/0. A per-call
supervisor would have let one import run under a supervisor a later import knew nothing
about, while the durable backend it competes with, Runners.PgFlow, has no per-call
equivalent to offer. The visible consequence is in GeoGenius.Runner.configured/1:
Runners.Task is selected whenever the config key names anything at all, live or not,
so a typo'd or not-yet-started supervisor surfaces as a named enqueue/3 error instead
of falling through to Runners.Inline and blocking the caller for a whole import.
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        ancestors_of(area_key, opts \\ [])

      


        Areas above this one. Accepts :classifications and :max_depth.



    


    
      
        ancestors_of_many(area_keys, opts \\ [])

      


        Areas above each of these, one call instead of one call per key. Seed
attribution and options match children_of_many/2.



    


    
      
        areas_by_code(code_type, code_value, opts \\ [])

      


        Areas carrying a code.



    


    
      
        areas_by_code_many(code_type, code_values, opts \\ [])

      


        Areas carrying any of these code values under one code type, one call
instead of one call per value.



    


    
      
        areas_for_geometry(geometry, opts \\ [])

      


        Areas overlapping a geometry, with the measured overlap of each.



    


    
      
        areas_for_point(lon, lat, opts \\ [])

      


        Areas whose boundary covers a point.



    


    
      
        areas_near(lon, lat, radius_m, opts \\ [])

      


        Areas within a radius of a point, nearest first. Accepts :limit, nil for none.



    


    
      
        artifact_path(collection_key, logical_name, opts \\ [])

      


        The local file one artifact of a release resolves to.



    


    
      
        await(run_id, timeout \\ nil, opts \\ [])

      


        Polls the catalog for a run's outcome, in the calling process.



    


    
      
        children_of(area_key, opts \\ [])

      


        Areas below this one. Accepts :classifications and :max_depth.



    


    
      
        children_of_many(area_keys, opts \\ [])

      


        Areas below each of these, one call instead of one call per key.



    


    
      
        import(opts \\ [])

      


        Atomically registers an exact release candidate, claims its import run, and
enqueues it. Never runs the import itself -- runner.enqueue/3 starts that,
and status/2 or await/3 reads it back.



    


    
      
        publish(release_id, opts \\ [])

      


        Publishes a verified release, returning its id.



    


    
      
        published_release(collection_key, opts \\ [])

      


        The currently published release for a collection, or nil if none is published.



    


    
      
        related_areas(area_key, opts \\ [])

      


        Areas related to this one in either direction, one level out.



    


    
      
        related_areas_many(area_keys, opts \\ [])

      


        Areas related to each of these in either direction, one call instead of one
call per key. Seed attribution and options match children_of_many/2.



    


    
      
        release_artifacts(collection_key, opts \\ [])

      


        Every artifact the collection's published release was built from, with where
each one resolves to on this machine, ordered by logical name.



    


    
      
        release_at(as_of, opts \\ [])

      


        The release a collection had published at a moment, or nil if it had
published nothing yet. Requires :collection.



    


    
      
        resolve(input, opts \\ [])

      


        Resolves a mixed input through the cascade, returning the first strategy that
matched.



    


    
      
        retry_failed(failed_run_id, opts \\ [])

      


        Explicitly replaces a failed latest attempt with the supplied exact
manifest and enqueues the newly claimed attempt.



    


    
      
        rollback(collection_key, opts \\ [])

      


        Rolls a collection's publication back to its previous release, returning
that release's id.



    


    
      
        search_areas(query, opts \\ [])

      


        Areas ranked by name similarity. Accepts :limit, nil for none.



    


    
      
        status(run_id, opts \\ [])

      


        One import run, or nil when no run carries that id.



    


    
      
        verify(repo, opts \\ [])

      


        Verifies that the database satisfies GeoGenius's prerequisites.



    


    
      
        verify!(repo, opts \\ [])

      


        Verifies prerequisites and raises GeoGenius.PreflightError when any are unmet.
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          @spec ancestors_of(String.t(), keyword()) :: [GeoGenius.AreaMatch.t()]


      


Areas above this one. Accepts :classifications and :max_depth.
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          @spec ancestors_of_many(GeoGenius.Store.seeds(), keyword()) :: [
  GeoGenius.SeededMatch.t()
]


      


Areas above each of these, one call instead of one call per key. Seed
attribution and options match children_of_many/2.
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          @spec areas_by_code(String.t(), String.t(), keyword()) :: [GeoGenius.AreaMatch.t()]


      


Areas carrying a code.
A code is unique only within a parent, so :parent_area_key scopes the
lookup and :parent_max_depth controls how far down it reaches. Always
returns a list: several areas can legitimately share one code.
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          @spec areas_by_code_many(String.t(), GeoGenius.Store.seeds(), keyword()) :: [
  GeoGenius.SeededMatch.t()
]


      


Areas carrying any of these code values under one code type, one call
instead of one call per value.
The seed here is the code value, not an area key, so :seed_key holds the
value that found each row. Options match areas_by_code/3, including
:parent_area_key and :parent_max_depth, which apply to every value in
the list.
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          @spec areas_for_geometry(Geo.geometry(), keyword()) :: [GeoGenius.AreaMatch.t()]


      


Areas overlapping a geometry, with the measured overlap of each.

  



    

  
    
      
    
    
      areas_for_point(lon, lat, opts \\ [])



        
          
        

    

  


  

      

          @spec areas_for_point(GeoGenius.Store.numeric(), GeoGenius.Store.numeric(), keyword()) ::
  [
    GeoGenius.AreaMatch.t()
  ]


      


Areas whose boundary covers a point.
Longitude first. Coordinates may be floats, integers, or the %Decimal{}
a numeric column loads as. Options: :collections, :types,
:release_id, :include_retired, plus :repo and :prefix.
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          @spec areas_near(
  GeoGenius.Store.numeric(),
  GeoGenius.Store.numeric(),
  GeoGenius.Store.numeric(),
  keyword()
) :: [GeoGenius.AreaMatch.t()]


      


Areas within a radius of a point, nearest first. Accepts :limit, nil for none.
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          @spec artifact_path(String.t(), String.t(), keyword()) ::
  {:ok, Path.t()} | {:error, GeoGenius.ArtifactError.t()}


      


The local file one artifact of a release resolves to.
Returns {:error, %GeoGenius.ArtifactError{reason: :not_cached}} naming both
the expected path and the cache key when nothing is there yet, rather than a
path to a file that does not exist.
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          @spec await(Ecto.UUID.t(), timeout() | nil, keyword()) ::
  {:ok, GeoGenius.ImportRun.t()}
  | {:error, GeoGenius.ImportRun.t()}
  | {:error, :timeout}


      


Polls the catalog for a run's outcome, in the calling process.
Returns {:ok, run} once GeoGenius.ImportRun.finished?/1 is true and the
run succeeded, {:error, run} once it finished and failed, and
{:error, :timeout} once timeout elapses with neither. Polls the catalog
every 250ms rather than monitoring a process: the run may be executing on
another node entirely, and the durable row in PostgreSQL is the only thing
both sides can see.
timeout resolves in this order: the argument given here, then
config :geo_genius, :await_timeout, then the library default of
1,800,000ms (thirty minutes) -- comfortably past the ~17 minutes a full US
SimpleMaps import takes, without blocking a caller that never says
otherwise for the length of a genuinely hung run. :infinity is accepted
at every level for a caller willing to wait as long as it takes.
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          @spec children_of(String.t(), keyword()) :: [GeoGenius.AreaMatch.t()]


      


Areas below this one. Accepts :classifications and :max_depth.
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          @spec children_of_many(GeoGenius.Store.seeds(), keyword()) :: [
  GeoGenius.SeededMatch.t()
]


      


Areas below each of these, one call instead of one call per key.
Every row carries the seed it came from in GeoGenius.SeededMatch's
:seed_key, because a result mixes rows from every seed. A seed with no
children contributes no row rather than an empty one, and the rows come back
in the order the seeds were given. Takes the same options as
children_of/2.
Resolving a list this way collapses N round trips to one, which is the whole
of what it saves: the SQL still runs the singular read once per seed, and
the planner cannot push a predicate into a SETOF function either way. A
caller that wants to join catalog areas against its own tables, or aggregate
over them, wants GeoGenius.Query's composable path instead of this.
GeoGenius.children_of_many(county_keys)
|> Enum.group_by(& &1.seed_key, & &1.match)
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          @spec import(keyword()) :: {:ok, Ecto.UUID.t()} | {:error, term()}


      


Atomically registers an exact release candidate, claims its import run, and
enqueues it. Never runs the import itself -- runner.enqueue/3 starts that,
and status/2 or await/3 reads it back.
opts[:manifest] is used as given; otherwise the manifest is loaded via
GeoGenius.Manifest.load/3 from opts[:collection] and opts[:release]
(both required in that case). A completed unpublished candidate returns its
existing run without enqueueing, while the owner of a live run may safely
submit that same run to its runner again.
Repeating an import whose latest attempt failed returns
{:error, %GeoGenius.CandidateError{reason: :failed}} with that attempt's
run id. It never creates a replacement implicitly; pass the failed run id
to retry_failed/2 to create the next attempt.
:owner defaults to to_string(node()). Repeating the exact request under
the same owner closes a post-commit enqueue gap by delivering the existing
run again; the run's executor claim makes a duplicate delivery a no-op, not
a takeover. A caller running two importers on one node passes :owner
explicitly. :stale_after_seconds (default 900) is the window used to
diagnose an abandoned run; staleness never transfers its executor or
creates a retry. The value also travels through the runner's args so
GeoGenius.Pipeline can derive its statement timeout from the original
claim. :publish (default false) is forwarded the same way.
Returns {:error, exception} -- never raises -- for a manifest that
cannot be resolved (GeoGenius.ManifestError) or a catalog write that
cannot be completed (GeoGenius.CatalogError). Expected candidate
refusals, including a published release, return
GeoGenius.CandidateError with a closed :reason and the conflicting
release/run identifiers. A runner enqueue failure returns
GeoGenius.EnqueueError, including the run id, backend, acceptance
certainty, original reason, and safe status/redelivery guidance.

  



    

  
    
      
    
    
      publish(release_id, opts \\ [])



        
          
        

    

  


  

      

          @spec publish(Ecto.UUID.t(), keyword()) :: {:ok, Ecto.UUID.t()} | {:error, term()}


      


Publishes a verified release, returning its id.
The SQL publish_release re-runs the release's verification inside the
publication, so this is one of the library's long single statements.
:timeout bounds it, in milliseconds, and defaults to 900,000 -- the window
GeoGenius.Pipeline gives the same statement in its verifying phase --
rather than DBConnection's fifteen-second default, which a national release
exceeds by orders of magnitude.
Returns {:error, exception} -- never raises -- when the release fails
verification or the catalog write cannot be completed.
Only the publication is guarded. The collection key travelling in the
:release_published payload is read back after the publication has already
committed, and a read that fails there costs the payload its
:collection_key, never the outcome: a publication that committed is
reported as {:ok, release_id} and the event still fires.

  



    

  
    
      
    
    
      published_release(collection_key, opts \\ [])



        
          
        

    

  


  

      

          @spec published_release(String.t(), keyword()) :: Ecto.UUID.t() | nil


      


The currently published release for a collection, or nil if none is published.

  



    

  
    
      
    
    
      related_areas(area_key, opts \\ [])



        
          
        

    

  


  

      

          @spec related_areas(String.t(), keyword()) :: [GeoGenius.AreaMatch.t()]


      


Areas related to this one in either direction, one level out.

  



    

  
    
      
    
    
      related_areas_many(area_keys, opts \\ [])



        
          
        

    

  


  

      

          @spec related_areas_many(GeoGenius.Store.seeds(), keyword()) :: [
  GeoGenius.SeededMatch.t()
]


      


Areas related to each of these in either direction, one call instead of one
call per key. Seed attribution and options match children_of_many/2.

  



    

  
    
      
    
    
      release_artifacts(collection_key, opts \\ [])



        
          
        

    

  


  

      

          @spec release_artifacts(String.t(), keyword()) ::
  {:ok, [GeoGenius.ReleaseArtifacts.Artifact.t()]}
  | {:error, GeoGenius.ArtifactError.t()}


      


Every artifact the collection's published release was built from, with where
each one resolves to on this machine, ordered by logical name.
:release_id reads a release other than the published one, which is how a
host fills a projection for a release before it goes live. See
GeoGenius.ReleaseArtifacts and guides/projections.md.

  



    

  
    
      
    
    
      release_at(as_of, opts \\ [])



        
          
        

    

  


  

      

          @spec release_at(DateTime.t(), keyword()) :: Ecto.UUID.t() | nil


      


The release a collection had published at a moment, or nil if it had
published nothing yet. Requires :collection.
Reads take a release id rather than a timestamp, so this is how a caller
holding a timestamp gets an argument for :release_id.

  



    

  
    
      
    
    
      resolve(input, opts \\ [])



        
          
        

    

  


  

      

          @spec resolve(map(), keyword()) :: [GeoGenius.AreaMatch.t()]


      


Resolves a mixed input through the cascade, returning the first strategy that
matched.
input carries whatever the caller holds: lon and lat together,
code_type and code_value together, name, and radius_m for the
proximity strategy. parent_area_key is not a signal of its own. It scopes
the code and name strategies to one area's descendants; containment and
proximity ignore it, holding a coordinate already.
Accepts :strategies to constrain or reorder the cascade.

  



    

  
    
      
    
    
      retry_failed(failed_run_id, opts \\ [])



        
          
        

    

  


  

      

          @spec retry_failed(Ecto.UUID.t(), keyword()) ::
  {:ok, Ecto.UUID.t()} | {:error, term()}


      


Explicitly replaces a failed latest attempt with the supplied exact
manifest and enqueues the newly claimed attempt.
The manifest and runner options resolve exactly as they do for import/1.
Candidate mismatches, protected releases, non-latest attempts, and runs that
are not failed return a structured GeoGenius.CandidateError without
enqueueing anything.

  



    

  
    
      
    
    
      rollback(collection_key, opts \\ [])



        
          
        

    

  


  

      

          @spec rollback(String.t(), keyword()) :: {:ok, Ecto.UUID.t()} | {:error, term()}


      


Rolls a collection's publication back to its previous release, returning
that release's id.
Returns {:error, exception} -- never raises, and never clears the
publication -- for a collection with no previous release to roll back to,
and {:error, String.t()} for a collection key the catalog does not carry.
Only the rollback is guarded. The release the collection now publishes is
read back afterwards, and a read that fails there returns
{:error, {:unread, message}}, a shape distinct from every failure shape
above: the publication moved whether or not the id can be read, so a caller
matching this clause knows the rollback happened and must not retry it. The
message says the same thing in words. GeoGenius.Pipeline uses
{:error, {:unrecorded, message}} for its own committed-but-unread outcome;
this is that pattern at the public API. The :release_rolled_back event
fires either way, carrying a nil :release_id when the read failed.

  



    

  
    
      
    
    
      search_areas(query, opts \\ [])



        
          
        

    

  


  

      

          @spec search_areas(String.t(), keyword()) :: [GeoGenius.AreaMatch.t()]


      


Areas ranked by name similarity. Accepts :limit, nil for none.

  



    

  
    
      
    
    
      status(run_id, opts \\ [])



        
          
        

    

  


  

      

          @spec status(Ecto.UUID.t(), keyword()) :: GeoGenius.ImportRun.t() | nil


      


One import run, or nil when no run carries that id.

  



    

  
    
      
    
    
      verify(repo, opts \\ [])



        
          
        

    

  


  

      

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


      


Verifies that the database satisfies GeoGenius's prerequisites.
Returns :ok, or {:error, reasons} naming every unmet prerequisite.

  



    

  
    
      
    
    
      verify!(repo, opts \\ [])



        
          
        

    

  


  

      

          @spec verify!(module(), keyword()) :: :ok


      


Verifies prerequisites and raises GeoGenius.PreflightError when any are unmet.

  


        

      


  

    
GeoGenius.Migrations.V02 
    



      
Repaired display geometry on both boundary writes.

      


      
        Summary


  
    Functions
  


    
      
        down(opts \\ [])

      


        Rolls back this version's migration by executing the down SQL file.



    


    
      
        up(opts \\ [])

      


        Applies this version's migration by executing the up SQL file.



    





      


      
        Functions


        


    

  
    
      
    
    
      down(opts \\ [])



        
          
        

    

  


  

      

          @spec down(keyword()) :: :ok


      


Rolls back this version's migration by executing the down SQL file.

  



    

  
    
      
    
    
      up(opts \\ [])



        
          
        

    

  


  

      

          @spec up(keyword()) :: :ok


      


Applies this version's migration by executing the up SQL file.

  


        

      


  

    
GeoGenius.Pipeline.Relate 
    



      
The import phase that rebuilds measured relations and writes every edge a
provider asserts.
The two paths compose rather than one replacing the other: a provider
whose areas nest spatially or by code returns :rebuild from
relations/1, and a provider whose source carries a hierarchy no overlap
test can derive -- a parent column on every row, or a source with no
geometry at all -- returns edges from asserted_relations/2. A provider
can do both, and both land in the same release.
rebuild_relations/1 runs first, so a rebuilt measured relation is on the
release before any asserted edge is written. If a provider asserts an edge
for a pair the rebuild also measured, the assertion wins: it upserts onto
the same row, nulling the measured overlap columns and overwriting the
geometry-classified relation_type with no warning that a measurement was
replaced. A well-behaved provider keeps its asserted edges disjoint from
the pairs its own geometry would measure.
Asserted edges are written after normalization, so an edge may name any
area the run produced rather than only the ones its own row emitted --
GeoGenius.Catalog.put_relation_many/4 requires both areas to already be
members of the release, which every area GeoGenius.Pipeline.Normalize
wrote already is by the time this phase runs.
Staging is read in pages, and each page is one heartbeat, the same as
GeoGenius.Pipeline.Normalize.normalize/1: the import this exists to
serve stages tens of thousands of rows, and before asserted edges existed
this phase was a single SQL call under :timeout -- streaming rows with no
heartbeat between them would let a long asserting pass outrun the run's
lease with nothing renewing it.
A provider's own defect -- an edge naming an area absent from the release,
an unknown relation_type -- raises out of Catalog.put_relation_many/4 and is
left to propagate. It is not rescued here: GeoGenius.Pipeline catches
whatever a phase raises and records it as {:exception, exception, stacktrace}, the same structured detail every other phase's provider call
is recorded with. Catching it again here first would only discard the
exception's type and stacktrace in favor of a flatter string.

      


      
        Summary


  
    Functions
  


    
      
        relate(state)

      


        Rebuilds measured relations, writes every edge the release's providers
assert, and merges both into one metrics map.



    





      


      
        Functions


        


  
    
      
    
    
      relate(state)



        
          
        

    

  


  

      

          @spec relate(GeoGenius.Pipeline.State.t()) :: GeoGenius.Pipeline.State.result()


      


Rebuilds measured relations, writes every edge the release's providers
assert, and merges both into one metrics map.
Measures "relations" (present only when at least one provider's
relations/1 returns :rebuild) and "asserted_relations", which counts
edges asserted rather
than distinct edges written: two rows asserting the same edge each add
one, even though put_relation_many/4 deduplicates and the edge itself
converges to a single row.

  


        

      


  

    
GeoGenius.PostgresTypes 
    



      
A Postgrex types module registering the PostGIS extension, for hosts that do
not already define one.
No :json option is passed, so Postgrex resolves the JSON library itself
from config :postgrex, :json_library, defaulting to Jason. :geo_genius
depends on Jason for its own manifest files but does not choose a library for
its host: a host on Elixir 1.18 or later that configured the built-in JSON
keeps it, and every read projects codes and attributes as jsonb through
whichever library the host chose.
A host with its own types module adds Geo.PostGIS.Extension to that
instead and points its Repo at it; either way the Repo must be able to
decode geometry and jsonb before GeoGenius.Preflight will let it boot. See
guides/reading.md.

      




  

    
GeoGenius.Providers.CSV.Parsers.Pipe 
    



      
NimbleCSV parser for a pipe-delimited artifact, defined once at compile time.

      


      
        Summary


  
    Functions
  


    
      
        dump_to_iodata(enumerable)

      


        Callback implementation for NimbleCSV.dump_to_iodata/1.



    


    
      
        dump_to_stream(enumerable)

      


        Callback implementation for NimbleCSV.dump_to_stream/1.



    


    
      
        parse_enumerable(enumerable, opts \\ [])

      


        Callback implementation for NimbleCSV.parse_enumerable/2.



    


    
      
        parse_stream(stream, opts \\ [])

      


        Callback implementation for NimbleCSV.parse_stream/2.



    


    
      
        parse_string(string, opts \\ [])

      


        Callback implementation for NimbleCSV.parse_string/2.



    


    
      
        to_line_stream(stream)

      


        Callback implementation for NimbleCSV.to_line_stream/1.



    





      


      
        Functions


        


  
    
      
    
    
      dump_to_iodata(enumerable)



        
          
        

    

  


  

Callback implementation for NimbleCSV.dump_to_iodata/1.

  



  
    
      
    
    
      dump_to_stream(enumerable)



        
          
        

    

  


  

Callback implementation for NimbleCSV.dump_to_stream/1.

  



    

  
    
      
    
    
      parse_enumerable(enumerable, opts \\ [])



        
          
        

    

  


  

Callback implementation for NimbleCSV.parse_enumerable/2.

  



    

  
    
      
    
    
      parse_stream(stream, opts \\ [])



        
          
        

    

  


  

Callback implementation for NimbleCSV.parse_stream/2.

  



    

  
    
      
    
    
      parse_string(string, opts \\ [])



        
          
        

    

  


  

Callback implementation for NimbleCSV.parse_string/2.

  



  
    
      
    
    
      to_line_stream(stream)



        
          
        

    

  


  

Callback implementation for NimbleCSV.to_line_stream/1.

  


        

      


  

    
GeoGenius.Providers.CSV.Parsers.Semicolon 
    



      
NimbleCSV parser for a semicolon-delimited artifact, defined once at compile time.

      


      
        Summary


  
    Functions
  


    
      
        dump_to_iodata(enumerable)

      


        Callback implementation for NimbleCSV.dump_to_iodata/1.



    


    
      
        dump_to_stream(enumerable)

      


        Callback implementation for NimbleCSV.dump_to_stream/1.



    


    
      
        parse_enumerable(enumerable, opts \\ [])

      


        Callback implementation for NimbleCSV.parse_enumerable/2.



    


    
      
        parse_stream(stream, opts \\ [])

      


        Callback implementation for NimbleCSV.parse_stream/2.



    


    
      
        parse_string(string, opts \\ [])

      


        Callback implementation for NimbleCSV.parse_string/2.



    


    
      
        to_line_stream(stream)

      


        Callback implementation for NimbleCSV.to_line_stream/1.



    





      


      
        Functions


        


  
    
      
    
    
      dump_to_iodata(enumerable)



        
          
        

    

  


  

Callback implementation for NimbleCSV.dump_to_iodata/1.

  



  
    
      
    
    
      dump_to_stream(enumerable)



        
          
        

    

  


  

Callback implementation for NimbleCSV.dump_to_stream/1.

  



    

  
    
      
    
    
      parse_enumerable(enumerable, opts \\ [])



        
          
        

    

  


  

Callback implementation for NimbleCSV.parse_enumerable/2.

  



    

  
    
      
    
    
      parse_stream(stream, opts \\ [])



        
          
        

    

  


  

Callback implementation for NimbleCSV.parse_stream/2.

  



    

  
    
      
    
    
      parse_string(string, opts \\ [])



        
          
        

    

  


  

Callback implementation for NimbleCSV.parse_string/2.

  



  
    
      
    
    
      to_line_stream(stream)



        
          
        

    

  


  

Callback implementation for NimbleCSV.to_line_stream/1.

  


        

      


  

    
GeoGenius.Providers.CSV.Parsers.Tab 
    



      
NimbleCSV parser for a tab-delimited artifact, defined once at compile time.

      


      
        Summary


  
    Functions
  


    
      
        dump_to_iodata(enumerable)

      


        Callback implementation for NimbleCSV.dump_to_iodata/1.



    


    
      
        dump_to_stream(enumerable)

      


        Callback implementation for NimbleCSV.dump_to_stream/1.



    


    
      
        parse_enumerable(enumerable, opts \\ [])

      


        Callback implementation for NimbleCSV.parse_enumerable/2.



    


    
      
        parse_stream(stream, opts \\ [])

      


        Callback implementation for NimbleCSV.parse_stream/2.



    


    
      
        parse_string(string, opts \\ [])

      


        Callback implementation for NimbleCSV.parse_string/2.



    


    
      
        to_line_stream(stream)

      


        Callback implementation for NimbleCSV.to_line_stream/1.



    





      


      
        Functions


        


  
    
      
    
    
      dump_to_iodata(enumerable)



        
          
        

    

  


  

Callback implementation for NimbleCSV.dump_to_iodata/1.

  



  
    
      
    
    
      dump_to_stream(enumerable)



        
          
        

    

  


  

Callback implementation for NimbleCSV.dump_to_stream/1.

  



    

  
    
      
    
    
      parse_enumerable(enumerable, opts \\ [])



        
          
        

    

  


  

Callback implementation for NimbleCSV.parse_enumerable/2.

  



    

  
    
      
    
    
      parse_stream(stream, opts \\ [])



        
          
        

    

  


  

Callback implementation for NimbleCSV.parse_stream/2.

  



    

  
    
      
    
    
      parse_string(string, opts \\ [])



        
          
        

    

  


  

Callback implementation for NimbleCSV.parse_string/2.

  



  
    
      
    
    
      to_line_stream(stream)



        
          
        

    

  


  

Callback implementation for NimbleCSV.to_line_stream/1.

  


        

      


  

    
GeoGenius.Providers.Delimited 
    



      
Streams a delimited artifact in chunks, reading its first line as the
header row and handing each data line to the provider's own row builder.
Sits directly above GeoGenius.Providers.Batch, which turns one chunk's
data lines into staged rows: this is the header-tracking accumulator around
it -- :pending until the header line is read, {:headers, headers} from
then on -- plus the chunking and the emit call. GeoGenius.Providers.CSV
and GeoGenius.Providers.SimpleMaps both read that shape of file and differ
only in the parser they choose and in what each builds from a line, so both
supply those two things and share everything else. A third delimited
provider supplies them too rather than copying either.
Whatever File.stream!/1 and the parser raise is left to propagate: each
provider rescues those around its own call and reports them in the
vocabulary of the format it documents.

      


      
        Summary


  
    Types
  


    
      
        row_builder()

      


        Builds one staged row from the file's header names and one data line's values.



    





  
    Functions
  


    
      
        stage(path, parser, chunk_size, emit, row_builder)

      


        Parses path with parser, emitting the staged rows of each chunk_size
lines in one emit call.



    





      


      
        Types


        


  
    
      
    
    
      row_builder()



        
          
        

    

  


  

      

          @type row_builder() :: ([String.t()], [String.t()] ->
                    {:ok, GeoGenius.Staging.Row.t()} | {:error, term()})


      


Builds one staged row from the file's header names and one data line's values.

  


        

      

      
        Functions


        


  
    
      
    
    
      stage(path, parser, chunk_size, emit, row_builder)



        
          
        

    

  


  

      

          @spec stage(
  Path.t(),
  module(),
  pos_integer(),
  ([GeoGenius.Staging.Row.t()] -> :ok),
  row_builder()
) ::
  :ok | {:error, term()}


      


Parses path with parser, emitting the staged rows of each chunk_size
lines in one emit call.
Returns the first {:error, reason} row_builder produces, staging none of
the lines after it, and :ok for a file every line of which built a row --
including one carrying nothing but a header.

  


        

      


  

    
GeoGenius.Providers.GeoJSONGeometry 
    



      
Decodes the optional "geometry" member shared by GeoJSON Feature readers.

      


      
        Summary


  
    Functions
  


    
      
        decode(geometry)

      


        Returns a decoded Geo geometry, nil, or a provider-facing error message.



    





      


      
        Functions


        


  
    
      
    
    
      decode(geometry)



        
          
        

    

  


  

      

          @spec decode(term()) :: {:ok, struct() | nil} | {:error, String.t()}


      


Returns a decoded Geo geometry, nil, or a provider-facing error message.

  


        

      


  

    
GeoGenius.Providers.ImpliedAreas 
    



      
Areas a source row implies through columns other than its own code.
A row that carries a grouping code -- a statistical grouping on an
administrative record, an administrative parent on a place record --
describes that grouping as well as itself. This module reads those columns
from a manifest option and returns both the implied areas and the edges
from each implied area to the row's own area.
An implied area carries no geometry and no centroid. A grouping a source
names only by code has no shape of its own in that source, and deriving one
from the row's geometry would claim the grouping's boundary is one member's
boundary.
The option is a list under "implied_areas". Each entry names an
"area_type", the column carrying the code, an optional "names" map from
code to display name, an optional "authority" override, and an optional
"relation" defaulting to "contains". The column key is the calling
provider's own: "code_property" for GeoGenius.Providers.GeoJSON,
"code_column" for GeoGenius.Providers.CSV.
Argument order matches GeoGenius.Providers.ManifestOptions, this module's
sibling: payload first, option keys last.

      


      
        Summary


  
    Types
  


    
      
        entry()

      


        One parsed implied_areas entry.



    





  
    Functions
  


    
      
        areas(payload, entries, authority_key)

      


        The areas payload implies, one per entry whose code column is populated.



    


    
      
        edges(payload, entries, authority_key, child_area_key)

      


        The edges payload asserts, one per entry whose code column is populated,
each running from the implied area to the row's own area.



    


    
      
        parse(options, code_option_key)

      


        Parses the implied_areas option, reading each entry's code column under
code_option_key.



    


    
      
        validate(options, code_option_key)

      


        :ok when every implied_areas entry parses under code_option_key, or the
first entry's error.



    


    
      
        with_implied(area, payload, entries, authority_key)

      


        area alone when the manifest implies nothing, or area followed by every
area payload implies.



    





      


      
        Types


        


  
    
      
    
    
      entry()



        
          
        

    

  


  

      

          @type entry() :: %{
  area_type_key: String.t(),
  code_field: String.t(),
  names: %{optional(String.t()) => String.t()},
  relation: String.t(),
  authority_key: String.t() | nil
}


      


One parsed implied_areas entry.

  


        

      

      
        Functions


        


  
    
      
    
    
      areas(payload, entries, authority_key)



        
          
        

    

  


  

      

          @spec areas(map(), [entry()], String.t()) ::
  {:ok, [GeoGenius.Provider.Area.t()]} | {:error, String.t()}


      


The areas payload implies, one per entry whose code column is populated.
A blank code implies no area and is not an error: a source whose grouping
column is populated for most rows and blank for a few is ordinary, and
failing the release over it would be wrong. A populated code with no entry
in names is an error, because keying an area with no name would publish
an unlabelled area.
authority_key is the row's own authority, used for any entry that
declares no "authority" of its own.

  



  
    
      
    
    
      edges(payload, entries, authority_key, child_area_key)



        
          
        

    

  


  

      

          @spec edges(map(), [entry()], String.t(), String.t()) :: [
  {String.t(), String.t(), String.t()}
]


      


The edges payload asserts, one per entry whose code column is populated,
each running from the implied area to the row's own area.
The parent end is composed through GeoGenius.Provider.Area.key/1 rather
than by joining strings, and child_area_key must have been composed the
same way by the caller: an edge composed a second way can name a key
normalize/2 never produced, and GeoGenius.Catalog.put_relation_many/4,
which is what the relating phase calls, refuses an area the release does not
carry.
Returns a bare list because GeoGenius.Provider.asserted_relations/2
does. An entry that cannot be parsed has already failed normalize/2,
which runs first.

  



  
    
      
    
    
      parse(options, code_option_key)



        
          
        

    

  


  

      

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


      


Parses the implied_areas option, reading each entry's code column under
code_option_key.
An absent option is not an error: most manifests imply nothing.

  



  
    
      
    
    
      validate(options, code_option_key)



        
          
        

    

  


  

      

          @spec validate(map(), String.t()) :: :ok | {:error, String.t()}


      


:ok when every implied_areas entry parses under code_option_key, or the
first entry's error.
This is the shape GeoGenius.Provider.validate_options/1 returns, so a
provider whose only manifest-wide check is its implied areas delegates here
rather than discarding parse/2's entries at each call site.

  



  
    
      
    
    
      with_implied(area, payload, entries, authority_key)



        
          
        

    

  


  

      

          @spec with_implied(GeoGenius.Provider.Area.t(), map(), [entry()], String.t()) ::
  {:ok, GeoGenius.Provider.Area.t()}
  | {:ok, [GeoGenius.Provider.Area.t()]}
  | {:error, String.t()}


      


area alone when the manifest implies nothing, or area followed by every
area payload implies.
A provider whose manifest declares no implied_areas keeps returning a bare
{:ok, %Area{}} from GeoGenius.Provider.normalize/2, which is the shape
every existing manifest depends on. Only a manifest that actually implies
something sees the list form.
This lives here rather than in each provider because both generic providers
need exactly this, and the substance it wraps -- areas/3 -- is already this
module's.

  


        

      


  

    
GeoGenius.Providers.SimpleMaps 
    



      
The SimpleMaps US cities and ZIP codes datasets.
Two delimited files, uscities and uszips, that denormalise the whole
hierarchy into every row: a city row names its county and state, a ZIP row
names every county it touches. Counties exist only as those columns, never
as rows of their own, so they are derived and validated rather than read.
Each file carries dozens of demographic columns this provider never reads;
a row's payload keeps every one of them, keyed by its real header name, so
reading another column is a change to GeoGenius.Providers.SimpleMaps.Rows
alone, with nothing to restage.
The data carries centroids and no boundaries, so relations are asserted
from the FIPS columns rather than measured, and relations/1 is :none.
Options
No option is required. By default every state_id value uses the state
area type. A collection that requires geometry for its ordinary states can
keep the six USPS-only codes (AA, AE, AP, FM, MH, and PW) in a
separately declared, non-geometric type:
"options": {"non_census_state_area_type": "postal_region"}
The value is an area-type key chosen by the host, not a type this provider
registers. The manifest must declare it in area_types; its default remains
state so existing manifests and area keys do not change.

      


      
        Summary


  
    Functions
  


    
      
        artifacts(manifest)

      


        Both declared artifacts; the logical name selects the parser.



    


    
      
        asserted_relations(manifest, row)

      


        State-like, county, city and ZIP edges read from the row's FIPS columns.



    


    
      
        normalize(manifest, row)

      


        Describes each row's city or ZIP, counties, and state-like area.



    


    
      
        relations(manifest)

      


        SimpleMaps carries no geometry to measure relations from.



    


    
      
        required_options()

      


        Reads its columns by name, so a manifest requires no options.



    


    
      
        stage(manifest, artifact, path, emit, opts)

      


        Reads path as comma-delimited text and emits its data rows in chunks of
1000 rows.



    


    
      
        validate_manifest(manifest)

      


        Ensures the effective non-Census state type is declared and non-geometric.



    


    
      
        validate_options(options)

      


        Validates the optional area type used for the six non-Census USPS state codes.



    





      


      
        Functions


        


  
    
      
    
    
      artifacts(manifest)



        
          
        

    

  


  

      

          @spec artifacts(GeoGenius.Manifest.t()) :: [GeoGenius.Manifest.Artifact.t()]


      


Both declared artifacts; the logical name selects the parser.

  



  
    
      
    
    
      asserted_relations(manifest, row)



        
          
        

    

  


  

      

          @spec asserted_relations(GeoGenius.Manifest.t(), GeoGenius.Staging.Row.t()) :: [
  {String.t(), String.t(), String.t()}
]


      


State-like, county, city and ZIP edges read from the row's FIPS columns.

  



  
    
      
    
    
      normalize(manifest, row)



        
          
        

    

  


  

      

          @spec normalize(GeoGenius.Manifest.t(), GeoGenius.Staging.Row.t()) ::
  {:ok, [GeoGenius.Provider.Area.t()]} | {:error, GeoGenius.Provider.reason()}


      


Describes each row's city or ZIP, counties, and state-like area.

  



  
    
      
    
    
      relations(manifest)



        
          
        

    

  


  

      

          @spec relations(GeoGenius.Manifest.t()) :: :none


      


SimpleMaps carries no geometry to measure relations from.

  



  
    
      
    
    
      required_options()



        
          
        

    

  


  

      

          @spec required_options() :: [String.t()]


      


Reads its columns by name, so a manifest requires no options.

  



  
    
      
    
    
      stage(manifest, artifact, path, emit, opts)



        
          
        

    

  


  

      

          @spec stage(
  GeoGenius.Manifest.t(),
  GeoGenius.Manifest.Artifact.t(),
  Path.t(),
  ([GeoGenius.Staging.Row.t()] -> :ok),
  GeoGenius.Provider.stage_opts()
) :: :ok | {:error, GeoGenius.Provider.reason()}


      


Reads path as comma-delimited text and emits its data rows in chunks of
1000 rows.
geom is always nil -- SimpleMaps centroids ride on the Area in
normalize/2, not on the staged row, because the source has no boundary
for a centroid to summarise.

  



  
    
      
    
    
      validate_manifest(manifest)



        
          
        

    

  


  

      

          @spec validate_manifest(GeoGenius.Manifest.t()) :: :ok | {:error, String.t()}


      


Ensures the effective non-Census state type is declared and non-geometric.

  



  
    
      
    
    
      validate_options(options)



        
          
        

    

  


  

      

          @spec validate_options(map() | nil) :: :ok | {:error, String.t()}


      


Validates the optional area type used for the six non-Census USPS state codes.

  


        

      


  

    
GeoGenius.Providers.SimpleMaps.Fips 
    



      
The state a county FIPS code is assigned within.
A county FIPS is five digits: the two-digit FIPS of the state that assigns
it, then a three-digit county code. 51107 is Loudoun County, and the 51
in front of it is Virginia. That prefix is the only statement of a county's
state either SimpleMaps file makes that cannot disagree with itself -- a
row's own state_id column describes the row, not the county, and the two
differ wherever a mailing address crosses a state line. ZIP 20041 carries
state_id DC and county_fips 51107: Dulles-area mail with a District of
Columbia address, delivered to a county in Virginia. 150 of the source's
3,233 counties are named on rows of more than one state.
So the mapping has to run the other way -- from FIPS to state, not from the
row -- and neither file carries it. uscities and uszips name states only
by their two-letter postal code, never by state FIPS, and no row anywhere
states that 51 is VA. Deriving the pair from the rows themselves is what
the row-scoped provider callbacks cannot do: GeoGenius.Provider hands
normalize/2 and asserted_relations/2 one staged row at a time with no
accumulator between them, and the row that needs the answer -- the ZIP whose
state and county disagree -- is exactly the row that gets it wrong. The
table is therefore stated here.
It is US knowledge, and it lives in the provider because that is what a
provider is: GeoGenius.Providers.SimpleMaps parses one vendor's two US
files and nothing else. Nothing outside lib/geo_genius/providers/ knows a
FIPS code from a postcode.
What is in the table
The fifty states, the District of Columbia, and the five inhabited
territories the Census assigns a state-level FIPS to: American Samoa (60),
Guam (66), the Northern Mariana Islands (69), Puerto Rico (72), and the US
Virgin Islands (78). Every one of them appears in uszips as a state_id
and has counties or county equivalents under it.
Three codes deliberately absent are the Freely Associated States -- FM,
PW and MH -- which FIPS 5-2 once numbered 64, 70 and 68 before the
standard was withdrawn. They are sovereign countries the USPS serves, they
have no US counties, and no row of either file carries a county_fips
under them. Listing withdrawn codes would invite a five-digit number that
happens to start with 64 to be read as a county of Micronesia.
AA, AE and AP are absent for a stronger reason: they are USPS
constructs for military mail, not places, and no FIPS numbers them at all.
A county can never belong to one, which is precisely the assertion the row's
own state column was making before the prefix was consulted.

      


      
        Summary


  
    Functions
  


    
      
        non_census_state_code?(code)

      


        Returns whether SimpleMaps' state code has a USPS identity but no Census state identity.



    


    
      
        state_code(arg1)

      


        Returns the postal code of the state a five-digit county FIPS is assigned
within, or nil when the code names no state this table carries.



    





      


      
        Functions


        


  
    
      
    
    
      non_census_state_code?(code)



        
          
        

    

  


  

      

          @spec non_census_state_code?(term()) :: boolean()


      


Returns whether SimpleMaps' state code has a USPS identity but no Census state identity.

  



  
    
      
    
    
      state_code(arg1)



        
          
        

    

  


  

      

          @spec state_code(String.t()) :: String.t() | nil


      


Returns the postal code of the state a five-digit county FIPS is assigned
within, or nil when the code names no state this table carries.
nil is the answer for anything that is not five characters long, and for a
five-character code whose first two are not a state FIPS -- a truncated
cell, a county equivalent from a numbering scheme this table does not
describe, or a value the source simply got wrong. A caller that cannot name
the state asserts nothing about it rather than falling back on the row's own
state column, which is the value that is wrong in the case this exists for.

  


        

      


  

    
GeoGenius.Providers.SimpleMaps.Rows 
    



      
Turns one staged SimpleMaps row into the areas it describes.
This is the only module that knows SimpleMaps column names, so a source
that renames a column is a change here and nowhere else.
Both files denormalise the hierarchy into every row, so one row is several
areas: a uscities row is a city, every county it falls in, and its state;
a uszips row is a ZIP, every county it touches, and its state. A ZIP row
also names a city, but only as the mailing name USPS prefers for that ZIP,
which is why it becomes a name on the ZIP rather than a city area -- the
uscities file is where a city gets its identity, and inventing a second
one from a ZIP row would key the same city twice.
A state is keyed under the authority that defines its code. Most states key
under census and carry an ansi_state code. Six do not. AA, AE and
AP are USPS constructs for military mail -- Armed Forces Americas, Europe
and Pacific. FM, PW and MH are the Freely Associated States --
Micronesia, Palau and the Marshall Islands -- sovereign countries the USPS
serves rather than states of any kind. The Census defines none of the six
and assigns none of them an ANSI code, so keying them under census with
an ansi_state code would assert two things no source says. They key under
usps and carry a usps_state code instead. The code is carried rather
than omitted because it is true and it leaves a host the same external-code
join every other area offers; an area with no code at all would be
reachable only by key. Their area type defaults to state for compatibility,
but areas/2 and edges/2 accept the separately declared type selected by
the SimpleMaps manifest's non_census_state_area_type option.
Nothing else about them changes: a name is read from state_name the way
every other state's is. FM, PW and MH carry one and get it. AA, AE
and AP publish nameless: state_name is blank in every one of their
uszips rows, and uscities carries no row at all for any of the six
codes, so nothing anywhere supplies a name and none is invented to fill
the gap. Supplying
"Armed Forces Europe" out of a table in this library would manufacture a
fact the source does not carry, the same way a centroid copied off a row
would. Those three exist so their ZIPs have a parent, and a host that wants
a label for them supplies its own.
A county belongs to the state its FIPS is assigned within -- the first two
digits of a five-digit county FIPS -- and not to whatever state the row
carrying it names. The two disagree wherever a mailing address crosses a
state line, and GeoGenius.Providers.SimpleMaps.Fips is where the prefix is
read. A row whose county lies in another state yields that state as an area
of its own beside the row's, so the hierarchy edges/1 asserts from the
same prefix can only name areas areas/1 produced.
A county and a state are read out of columns rather than off rows of their
own, so they carry only what those columns say: their code, their name, and
their FIPS or ANSI code. They get no centroid, because the row's lat/lng
measures the city or ZIP and nothing else; a centroid copied from the row
would make areas_near return a fact nobody measured. They get no
attributes for the same reason -- the demographic columns of a row describe
the city or ZIP, and hanging them on the county would let the last row
imported decide what the county's median income is.
edges/2 reads the same county columns areas/2 does, through the same
helpers, so the hierarchy this provider asserts can only ever name keys
areas/2 produced.
This module knows SimpleMaps column names and how to parse them.
GeoGenius.Providers.SimpleMaps.Validation reuses list/2, field/2,
label/1, and the two counties-column-name accessors here rather than
re-deriving them, so the two modules can never disagree about how a column
is read. areas/2 runs Validation.check/1 before building anything, so a
row whose county columns contradict each other fails the release instead of
being silently reconciled.

      


      
        Summary


  
    Functions
  


    
      
        areas(row)

      


        Returns the areas one staged row describes, in hierarchy order.



    


    
      
        areas(row, non_census_state_area_type)

      


        Like areas/1, with the area type selected for the six USPS-only state codes.



    


    
      
        edges(row)

      


        Returns the relation edges one staged row asserts, parent first.



    


    
      
        edges(row, non_census_state_area_type)

      


        Like edges/1, with the area type selected for the six USPS-only state codes.



    





      


      
        Functions


        


  
    
      
    
    
      areas(row)



        
          
        

    

  


  

      

          @spec areas(GeoGenius.Staging.Row.t()) ::
  {:ok, [GeoGenius.Provider.Area.t()]} | {:error, String.t()}


      


Returns the areas one staged row describes, in hierarchy order.
A uscities row yields its city, its counties, and its state; a uszips
row yields its counties, its ZIP, and its state. Any other artifact is an
error, since this provider parses only the two files it declares.
Validation.check/1 runs first, so a row whose county columns contradict
each other -- a primary county_fips missing from county_fips_all, a
counties column of a different length than county_fips_all, or a ZIP's
county_weights naming a county set that disagrees with it -- is an error
before anything is built from it.
A row whose counties do not all lie in the state it names yields the states
they do lie in as well, one area each, read from their FIPS prefixes. A ZIP
in the District of Columbia naming a county in Virginia describes Virginia,
however little of it, and the county has to hang somewhere.
A row whose city, ZIP, or state code is blank is an error rather than an
area: area_key is <authority>:<area_type>:<code>, so a blank code would
put every such row under one shared, meaningless key.
That is a deliberate divergence from GeoGenius.Providers.CSV, which
returns :skip for a row whose code column is blank. A CSV collection is
described by a manifest that may name a column the source populates only
sometimes, so skipping is the right read of a gap there. SimpleMaps
populates these columns in every row of both files, so a blank one is a
corrupt or truncated download rather than a shape to tolerate, and failing
the release is better than publishing a hierarchy missing the rows nobody
was told about. The error names the column and enough of the row to find
it in a file of tens of thousands.

  



  
    
      
    
    
      areas(row, non_census_state_area_type)



        
          
        

    

  


  

      

          @spec areas(GeoGenius.Staging.Row.t(), String.t()) ::
  {:ok, [GeoGenius.Provider.Area.t()]} | {:error, String.t()}


      


Like areas/1, with the area type selected for the six USPS-only state codes.

  



  
    
      
    
    
      edges(row)



        
          
        

    

  


  

      

          @spec edges(GeoGenius.Staging.Row.t()) :: [{String.t(), String.t(), String.t()}]


      


Returns the relation edges one staged row asserts, parent first.
SimpleMaps carries centroids and no boundaries, so nothing here can be
measured by overlap; the FIPS columns are the only statement of hierarchy
the source makes, and these edges are that statement.
A uscities row asserts one state-to-county edge per county it names and
one county-to-city edge per county; a uszips row asserts the same
state-to-county edges and a county-to-zip edge per county. The state on a
county's edge is the one its own FIPS prefix names, never the one the row
carrying it does, and a county whose prefix names no state this provider
knows gets no state edge at all rather than a false one. A ZIP row's
city column is the mailing name USPS prefers for that ZIP, so no edge is
asserted between a city and a ZIP in either direction -- a ZIP crosses city
lines, and neither one contains the other.
Every edge names the parent first, the order
GeoGenius.Catalog.put_relation/4 takes: a swapped pair writes
successfully and silently inverts GeoGenius.children_of/2 and
GeoGenius.ancestors_of/2.
A row naming no county asserts one edge instead: its state contains the ZIP
directly. A military or Freely Associated States ZIP is in its state and in
no county, so the state is the only parent it has, and hanging it there is
truer than leaving it with no parent at all. That edge is emitted only for
a row with no county -- where counties exist they already connect the ZIP,
and a state-to-zip edge beside them would assert a second path to the same
place. A uscities row never takes this path, because
GeoGenius.Providers.SimpleMaps.Validation.check/1 fails a city row that
names no county before this is reached.
Returns [] for an artifact this provider does not parse, since
areas/1 is what reports that as an error.

  



  
    
      
    
    
      edges(row, non_census_state_area_type)



        
          
        

    

  


  

      

          @spec edges(GeoGenius.Staging.Row.t(), String.t()) :: [
  {String.t(), String.t(), String.t()}
]


      


Like edges/1, with the area type selected for the six USPS-only state codes.

  


        

      


  

    
GeoGenius.Providers.SimpleMaps.Validation 
    



      
Row-scoped consistency checks for SimpleMaps' denormalised county columns.
Neither uscities nor uszips carries a county as a row of its own; each
row denormalises the counties it touches into county_fips,
county_fips_all, and a counties-name column -- county_name_all on
uscities, county_names_all on uszips -- and uszips additionally
carries county_weights. Those columns can disagree with each other
inside one row, and GeoGenius accepts multiple official names for one
area, so a source that contradicts itself would otherwise be reconciled by
picking a name lexically rather than by authority -- a coin toss, not
reconciliation. check/1 fails the row instead, before
GeoGenius.Providers.SimpleMaps.Rows.areas/1 builds anything from it.
One rule reads a single column rather than a pair of them: a uscities
row naming no county at all. Two blank columns agree with each other, so
that is the one self-contradiction the pairing rules cannot see, and the
row it would otherwise let through publishes a city with nothing above it
but a state.
That rule is uscities-only, and its absence from uszips is measured
rather than overlooked. Every city sits in a county, so a uscities row
naming none is corruption. A ZIP need not: military APO/FPO ZIPs deliver
to overseas addresses that sit in no US county, and they are a sizeable
minority of the file rather than a curiosity. So a uszips row with no
county and no county_weights is valid, while one that names counties and
carries no weights for them is the corruption case.
Only what one row can prove. Every rule here reads a single staged row
and never compares across rows or across uscities/uszips. Cross-file
agreement -- one FIPS mapping to two different states, or uscities and
uszips spelling one county's name two different ways -- cannot be seen
from a single row and is not checked here. That agreement is left to the
host's own import verification.

      


      
        Summary


  
    Functions
  


    
      
        check(row)

      


        Checks a staged SimpleMaps row's county columns for self-contradiction.



    





      


      
        Functions


        


  
    
      
    
    
      check(row)



        
          
        

    

  


  

      

          @spec check(GeoGenius.Staging.Row.t()) :: :ok | {:error, String.t()}


      


Checks a staged SimpleMaps row's county columns for self-contradiction.
Returns :ok for an artifact other than uscities or uszips --
GeoGenius.Providers.SimpleMaps.Rows.areas/1 is what rejects an unknown
artifact, so this does not duplicate that error.

  


        

      


  

    
GeoGenius.Staging.Row 
    



      
One staged record.
artifact is the artifact's logical_name, carried so normalization can
map a row back to the source release its boundary must be attributed to.
payload is whatever the provider parsed; nothing outside that provider
interprets it. geom is nil for a metadata-only source.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %GeoGenius.Staging.Row{
  artifact: String.t(),
  geom: Geo.geometry() | nil,
  payload: map()
}


      



  


        

      


  

    
GeoGenius.AreaMatch 
    



      
One area returned by a catalog read, with whatever the read measured about it.
Every row-returning SQL function returns this shape. Which measurement fields
carry a value depends on how the area was found: a containment match measures
nothing, a proximity match sets distance_m, a geometry overlap sets the
intersection and coverage fields, and a name search sets score.
coverage_of_input and coverage_of_area are percentages, 0 to 100. Only
areas_for_geometry populates them. They are not the same scale as
relation.parent_coverage, which is a 0-to-1 ratio and never reaches this
struct.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_result(result)

      


        Maps a query result into structs.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %GeoGenius.AreaMatch{
  area_key: String.t(),
  area_type: String.t() | nil,
  attributes: map() | nil,
  authority: String.t() | nil,
  centroid: Geo.Point.t() | nil,
  codes: %{optional(String.t()) => [String.t()]} | nil,
  collection_key: String.t() | nil,
  coverage_of_area: float() | nil,
  coverage_of_input: float() | nil,
  distance_m: float() | nil,
  intersection_area_m2: float() | nil,
  match_method: String.t() | nil,
  name: String.t() | nil,
  release_id: Ecto.UUID.t() | nil,
  score: float() | nil,
  type_rank: integer() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      from_result(result)



        
          
        

    

  


  

      

          @spec from_result(Postgrex.Result.t()) :: [t()]


      


Maps a query result into structs.
Mapping is by column name. area_match declares sixteen columns, several of
them the same type and adjacent, so a positional mapping would transpose two
of them silently the first time the projection changed.

  


        

      


  

    
GeoGenius.Preflight 
    



      
Verifies GeoGenius's database prerequisites and fails host startup when they
are not met.
Place this child in the host's supervision tree immediately after its Repo:
children = [
  MyApp.Repo,
  {GeoGenius.Preflight, repo: MyApp.Repo, prefix: "geo_genius"},
  MyAppWeb.Endpoint
]
The check runs once during start_link/1 and returns :ignore, so no process
remains in the tree. A failure raises GeoGenius.PreflightError, which aborts
startup rather than deferring the error to the first query.
A Repo pooled through Ecto.Adapters.SQL.Sandbox skips the check, because
the supervisor starts this child from a process that owns no sandbox
connection: the check would raise DBConnection.OwnershipError and take the
host's whole test suite down with it. guides/installation.md covers what a
host runs instead under the sandbox.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(opts)

      


        Builds the child spec for placing this preflight check in a supervision tree.



    


    
      
        start_link(opts)

      


        Runs the preflight check and returns :ignore on success.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(opts)



        
          
        

    

  


  

      

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


      


Builds the child spec for placing this preflight check in a supervision tree.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

          @spec start_link(keyword()) :: :ignore


      


Runs the preflight check and returns :ignore on success.
Raises GeoGenius.PreflightError on failure, aborting host startup.
:enabled? decides whether the check runs. It defaults to false for a Repo
configured with Ecto.Adapters.SQL.Sandbox and true for every other Repo.
Pass it explicitly to override that: enabled?: true verifies a sandboxed
Repo from a process that has checked a connection out, enabled?: false
skips the check wherever the host prefers to run it by hand.

  


        

      


  

    
GeoGenius.Published 
    



      
Composable Ecto queries over the catalog's read views.
GeoGenius.Query builds queries over the catalog's SETOF plpgsql
functions. PostgreSQL cannot push a predicate, a join qualifier, or a LIMIT
inside one, so the whole set materialises before a host's own WHERE runs,
and the four functions project five of area_match's sixteen columns. This
module reads the views those functions read, as ordinary Ecto schemas: the
planner gets a relation it can optimise, and the caller gets every column the
view carries, release_id among them.
Reach for this module for joins, aggregates, set-keyed reads, and anything
keyed on release_id -- a host projection table keyed
(release_id, area_key) is joinable only from here. Reach for GeoGenius
and GeoGenius.Query for spatial resolution, name search, and multi-level
traversal; those have no view-backed equivalent. guides/sql_api.md lays the
two side by side.
Composing
Every function returns an Ecto.Query selecting whole schema structs, not a
list, and every source carries a named binding: :area for
GeoGenius.Published.Area, :relation for
GeoGenius.Published.AreaRelation, :code for
GeoGenius.Published.AreaCode, :name for GeoGenius.Published.AreaName.
Counting host records per child area, the case GeoGenius.Query serves
worst:
from([area: area] in GeoGenius.Published.children_of("us:state:pa", types: ["city"]),
  left_join: record in MyApp.Record,
  on: record.area_key == area.area_key and record.release_id == area.release_id,
  group_by: area.area_key,
  select: {area.area_key, count(record.id)})
Set-keyed by default
Where the function-backed API takes one area_key, these take a list, so
resolving the parents of three thousand areas is one query rather than three
thousand. A single binary is accepted as a one-element set. children_of/2
and ancestors_of/2 return one row per relation edge, so an area reachable
from two of the parents given appears twice; the :relation binding says
which parent each row came from, and Ecto.Query.distinct/3 collapses them
when the edge does not matter.
Release and retirement scoping
Each published_* view is a release-scoped base view joined to the
publication pointer, so with no :release_id these queries read the
currently published release of every collection. Giving :release_id swaps
every source in the query onto its base -- release_areas,
release_relations, release_area_codes, release_area_names -- and reads
that release whether or not its collection publishes it, which is what a host
verifying a release or filling a projection ahead of go-live needs. The bases
project exactly the columns their published counterparts do, so nothing else
about a query changes.
The swap is all-or-nothing across the sources in one query, and every join
between two release-carrying sources equates their release_id as well as
the key it joins on. Both together are what keep a read on one release:
reading areas from a base and relations from a published view, or joining
them on area_key alone, would pair an edge of one release with an area of
another.
Retired areas are excluded unless include_retired: true is given, matching
every SETOF read function, on the published and unpublished paths alike.
codes/1, names/1 and relations/1 cannot honour it and do not take it:
their views carry no retired_at, because retirement is a property of an
area rather than of a code, a name, or an edge between two areas. So all
three return rows for retired areas too. Moving from children_of/2 to
relations/1 to reach an edge's measurement columns therefore widens the
result; join back through areas/1 on area_key and release_id to narrow
it again.
The compile-time prefix
@schema_prefix is read at compile time through Application.compile_env/3
and validated exactly as GeoGenius.Query validates its own. :prefix
therefore belongs in config/config.exs and must never be set in
config/runtime.exs; GeoGenius.Query's moduledoc explains what breaks if
it is, and how to recompile after changing it. There is no per-call
:prefix, for the same reason there is none there: a host serving several
catalogs from one VM uses the struct-returning API in GeoGenius, which
resolves :prefix through GeoGenius.Context on every call.

      


      
        Summary


  
    Functions
  


    
      
        ancestors_of(child_area_keys, opts \\ [])

      


        Areas one relation hop above any of these children, as a query.



    


    
      
        areas(opts \\ [])

      


        The areas of a release, as a query.



    


    
      
        areas_by_code(code_type, code_values, opts \\ [])

      


        Areas carrying any of these values under one code type, as a query.



    


    
      
        children_of(parent_area_keys, opts \\ [])

      


        Areas one relation hop below any of these parents, as a query.



    


    
      
        codes(opts \\ [])

      


        Codes held by the areas of a release, as a query.



    


    
      
        names(opts \\ [])

      


        Names held by the areas of a release, as a query.



    


    
      
        prefix()

      


        The schema prefix these schemas read, as validated at compile time.



    


    
      
        relations(opts \\ [])

      


        Relation edges among the areas of a release, as a query.



    





      


      
        Functions


        


    

  
    
      
    
    
      ancestors_of(child_area_keys, opts \\ [])



        
          
        

    

  


  

      

          @spec ancestors_of([String.t()] | String.t(), keyword()) :: Ecto.Query.t()


      


Areas one relation hop above any of these children, as a query.
Same options as children_of/2.

  



    

  
    
      
    
    
      areas(opts \\ [])



        
          
        

    

  


  

      

          @spec areas(keyword()) :: Ecto.Query.t()


      


The areas of a release, as a query.
Accepts :collections, :types, :area_keys, :release_id and
:include_retired. Each list-valued option keeps the rows matching any of
its members and is skipped entirely when absent. :release_id accepts either
the hyphenated string every read projects or the sixteen raw bytes Postgrex
binds, and reads that release whether or not it is published.

  



    

  
    
      
    
    
      areas_by_code(code_type, code_values, opts \\ [])



        
          
        

    

  


  

      

          @spec areas_by_code(String.t(), [String.t()] | String.t(), keyword()) ::
  Ecto.Query.t()


      


Areas carrying any of these values under one code type, as a query.
Takes every option areas/1 takes. The matched code is available through the
:code binding, which is what tells apart the areas a set of values matched.
A code is unique only within a parent, so scope a slug lookup by composing
this with children_of/2's parent set rather than trusting a bare value.

  



    

  
    
      
    
    
      children_of(parent_area_keys, opts \\ [])



        
          
        

    

  


  

      

          @spec children_of([String.t()] | String.t(), keyword()) :: Ecto.Query.t()


      


Areas one relation hop below any of these parents, as a query.
Takes every option areas/1 takes, plus :classifications to keep only
edges of given relation types. A walk deeper than one hop is
GeoGenius.Query.children_of/2's :max_depth; a recursive walk has no
view-backed form here.

  



    

  
    
      
    
    
      codes(opts \\ [])



        
          
        

    

  


  

      

          @spec codes(keyword()) :: Ecto.Query.t()


      


Codes held by the areas of a release, as a query.
Accepts :collections, :area_keys, :code_types and :release_id. One
row per code an area of the release holds, where GeoGenius.AreaMatch
carries them collapsed into a JSON object. A code is a fact about the area,
so an area carried by several releases yields one row per release, each
stamped with its own release_id.

  



    

  
    
      
    
    
      names(opts \\ [])



        
          
        

    

  


  

      

          @spec names(keyword()) :: Ecto.Query.t()


      


Names held by the areas of a release, as a query.
Accepts :collections, :area_keys, :kinds, :locales and :release_id.
Every name of every kind, where GeoGenius.Published.Area's name is the
single official one a trigger keeps current. Like codes/1, a name is a fact
about the area, so an area carried by several releases yields one row per
release.

  



  
    
      
    
    
      prefix()



        
          
        

    

  


  

      

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


      


The schema prefix these schemas read, as validated at compile time.
A host building SQL of its own against the same catalog reads it from here
rather than assuming the default.

  



    

  
    
      
    
    
      relations(opts \\ [])



        
          
        

    

  


  

      

          @spec relations(keyword()) :: Ecto.Query.t()


      


Relation edges among the areas of a release, as a query.
Accepts :collections, :parent_area_keys, :child_area_keys,
:classifications and :release_id. Use this to read an edge's measurement
columns, which no area_match read projects; use children_of/2 or
ancestors_of/2 to read the areas at the far end of one.
There is no :include_retired, and edges touching a retired area are always
returned: the relation views carry no retired_at to filter on, because
retirement is a property of an area rather than of an edge between two. A
caller coming from children_of/2, which excludes them by default, narrows
the result by joining areas/1 back on area_key and release_id.

  


        

      


  

    
GeoGenius.Published.Area 
    



      
One area of a release, as published_areas and its release-scoped base
release_areas project it.
Read-only. published_areas resolves through the publication pointer, so a
row read through it belongs to whichever release its collection publishes
right now. Build queries with GeoGenius.Published, or compose directly
against this schema.
There is no primary key: a view has none to declare, and area_id is unique
only because at most one release per collection is published at a time.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %GeoGenius.Published.Area{
  __meta__: term(),
  area_id: Ecto.UUID.t() | nil,
  area_key: String.t() | nil,
  area_type: String.t() | nil,
  attributes: map() | nil,
  authority: String.t() | nil,
  centroid: Geo.Point.t() | nil,
  collection_key: String.t() | nil,
  name: String.t() | nil,
  release_id: Ecto.UUID.t() | nil,
  retired_at: DateTime.t() | nil,
  type_rank: integer() | nil
}


      



  


        

      


  

    
GeoGenius.Published.AreaCode 
    



      
One external code held by an area of a release, as published_area_codes
and its release-scoped base release_area_codes project it.
Read-only, and one row per code an area carries rather than the codes JSON
object GeoGenius.AreaMatch holds. Codes hang off the area rather than off a
release, and an area belongs to as many releases as carry it, so both views
stamp release_id on every row: it says which release the row is speaking
for, and it is the second half of any join back to
GeoGenius.Published.Area. Neither view carries retired_at, because
retirement is a property of the area.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %GeoGenius.Published.AreaCode{
  __meta__: term(),
  area_id: Ecto.UUID.t() | nil,
  area_key: String.t() | nil,
  code_type: String.t() | nil,
  code_value: String.t() | nil,
  collection_key: String.t() | nil,
  release_id: Ecto.UUID.t() | nil
}


      



  


        

      


  

    
GeoGenius.Published.AreaName 
    



      
One name held by an area of a release, as published_area_names and its
release-scoped base release_area_names project it.
Read-only, and every name of every kind, where GeoGenius.Published.Area's
name is the single official one a trigger keeps current. Names hang off the
area rather than off a release, and an area belongs to as many releases as
carry it, so both views stamp release_id on every row: it says which
release the row is speaking for, and it is the second half of any join back
to GeoGenius.Published.Area. Neither view carries retired_at, because
retirement is a property of the area.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %GeoGenius.Published.AreaName{
  __meta__: term(),
  area_id: Ecto.UUID.t() | nil,
  area_key: String.t() | nil,
  collection_key: String.t() | nil,
  kind: String.t() | nil,
  locale: String.t() | nil,
  name: String.t() | nil,
  release_id: Ecto.UUID.t() | nil
}


      



  


        

      


  

    
GeoGenius.Published.AreaRelation 
    



      
One parent-to-child edge among areas of a release, as
published_area_relations and its release-scoped base release_relations
project it.
Read-only. intersection_area_m2, parent_coverage and child_coverage
carry a value only for a measured relation; all three are null for one
asserted from source data. parent_coverage and child_coverage are ratios
from 0 to 1, not the percentages GeoGenius.AreaMatch reports.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %GeoGenius.Published.AreaRelation{
  __meta__: term(),
  child_area_id: Ecto.UUID.t() | nil,
  child_area_key: String.t() | nil,
  child_coverage: Decimal.t() | nil,
  collection_key: String.t() | nil,
  intersection_area_m2: Decimal.t() | nil,
  parent_area_id: Ecto.UUID.t() | nil,
  parent_area_key: String.t() | nil,
  parent_coverage: Decimal.t() | nil,
  relation_type: String.t() | nil,
  release_id: Ecto.UUID.t() | nil
}


      



  


        

      


  

    
GeoGenius.Query 
    



      
Composable Ecto queries over the catalog's read functions.
GeoGenius's struct-returning functions answer one question per call. These
return queries instead, so a host can compose one further before running it.
Every read here goes through a SETOF plpgsql function. PostgreSQL cannot
push a predicate, a join qualifier, or a LIMIT inside one, so the whole set
materialises before a host's own WHERE runs, and the selects below project
five of area_match's sixteen columns -- release_id among the eleven they
drop. Joining catalog areas against a host's own table and aggregating
belongs in GeoGenius.Published, whose read-only schemas over the
published_* views give the planner an ordinary relation and the caller
every column. A host projection keyed (release_id, area_key) is joinable
only from there.
What these serve, and a view has no form for: a walk deeper than one relation
hop through :max_depth, and search_areas/2's trigram ranking. An
unpublished release is served either way -- here through :release_id, and
there through the option of the same name, which swaps the schemas onto the
release-scoped base views.
Ecto requires a fragment's SQL to be a literal, so the schema prefix is read
at compile time via Application.compile_env/3 and validated the same way
every other path validates a prefix, through the package's internal prefix
validation. It is emitted as a quoted identifier, because that validation
accepts reserved words: a host installed at prefix: "user" needs
"user".children_of(...), which is what these fragments build.
:prefix therefore belongs in config/config.exs, and must never be set in
config/runtime.exs. Application.compile_env/3 records the result of its
read, and "not configured" is one of the results it records; Elixir raises at
boot when the value present then differs from the recorded one. A :prefix
first assigned in runtime.exs differs from a compile-time read that found
nothing even when the value assigned is the identical default string, so the
host fails to boot. :repo carries no such constraint and may be set
wherever the host prefers. A changed compile-time :prefix takes effect once
:geo_genius is recompiled, with mix deps.compile geo_genius --force.
There is no per-call :prefix option here, and there cannot be one: a
runtime value cannot fill a position fragment/1 requires to be a literal.
Passing :prefix in opts raises ArgumentError rather than being
silently ignored. A host that serves several catalogs from one VM and needs
a runtime :prefix per call must use the struct-returning API in
GeoGenius instead, which resolves :prefix through GeoGenius.Context on
every call.

      


      
        Summary


  
    Functions
  


    
      
        ancestors_of(area_key, opts \\ [])

      


        Areas above this one, as a query. Same options as children_of/2.



    


    
      
        areas_by_code(code_type, code_value, opts \\ [])

      


        Areas carrying a code, as a query.



    


    
      
        children_of(area_key, opts \\ [])

      


        Areas below this one, as a query.



    


    
      
        search_areas(query, opts \\ [])

      


        Areas ranked by name similarity, as a query.



    





      


      
        Functions


        


    

  
    
      
    
    
      ancestors_of(area_key, opts \\ [])



        
          
        

    

  


  

      

          @spec ancestors_of(String.t(), keyword()) :: Ecto.Query.t()


      


Areas above this one, as a query. Same options as children_of/2.

  



    

  
    
      
    
    
      areas_by_code(code_type, code_value, opts \\ [])



        
          
        

    

  


  

      

          @spec areas_by_code(String.t(), String.t(), keyword()) :: Ecto.Query.t()


      


Areas carrying a code, as a query.
Accepts :collections, :types, :release_id, :include_retired,
:parent_area_key, and :parent_max_depth. :release_id accepts the same
two shapes as children_of/2.

  



    

  
    
      
    
    
      children_of(area_key, opts \\ [])



        
          
        

    

  


  

      

          @spec children_of(String.t(), keyword()) :: Ecto.Query.t()


      


Areas below this one, as a query.
Accepts :types, :classifications, :max_depth, :release_id,
:include_retired. :release_id accepts either the hyphenated string
every read projects or the sixteen raw bytes Postgrex binds.

  



    

  
    
      
    
    
      search_areas(query, opts \\ [])



        
          
        

    

  


  

      

          @spec search_areas(String.t(), keyword()) :: Ecto.Query.t()


      


Areas ranked by name similarity, as a query.
Accepts :collections, :types, :limit, :release_id, and
:include_retired. :release_id accepts the same two shapes as
children_of/2. :limit defaults to 50 and takes nil for no cap, which
is what a caller narrowing the ranking afterwards asks for.

  


        

      


  

    
GeoGenius.ReleaseArtifacts 
    



      
What files a release was built from, and where each one is on this machine.
GeoGenius stores area identity -- keys, names, codes, relations, centroids,
boundaries -- and deliberately not a source's own wide attribute columns. A
host that wants those keeps a projection: its own table, keyed
(release_id, area_key), filled from the same artifacts the import consumed.
Building one means answering two questions this module owns, and nothing
about the file's contents, which the host owns entirely. See
guides/projections.md.
Locating an artifact is not a Path.join/2. An artifact reaches the machine
through GeoGenius.Cache, under a key the manifest supplied or the catalog
derived, and an operator-supplied artifact has no url to fall back on
-- the cache key is the only address it has. A caller that looked in priv/,
or in the directory an import happened to stage a download in, works against
a fixture and raises :enoent on a documented fresh install.
Reads the release a collection currently publishes. :release_id names a
different one, published or not, which is how a projection is backfilled for
a release before it goes live; it is checked against the collection first, so
a stale id and another collection's id are both refused rather than answered
with the wrong rows or none. Every function also takes the usual :repo,
:prefix, and adapter options, and passes opts to the cache unchanged, so
:cache_dir reaches GeoGenius.Caches.FileSystem.

      


      
        Summary


  
    Functions
  


    
      
        cache_key(row)

      


        The cache key an artifact row resolves under.



    


    
      
        fetch(collection_key, logical_name, opts \\ [])

      


        One artifact of a release, by the logical name its manifest gave it.



    


    
      
        list(collection_key, opts \\ [])

      


        Every artifact a release composes, ordered by logical name -- the order
GeoGenius.Catalog.release_artifacts/2 reads them in, so it is PostgreSQL's
guarantee rather than this module's.



    


    
      
        path(collection_key, logical_name, opts \\ [])

      


        The local file one artifact of a release resolves to.



    





      


      
        Functions


        


  
    
      
    
    
      cache_key(row)



        
          
        

    

  


  

      

          @spec cache_key(map()) :: {:ok, String.t()} | {:error, String.t()}


      


The cache key an artifact row resolves under.
Takes a row of the release_artifacts view, as
GeoGenius.Catalog.release_artifacts/2 returns it. A key the manifest
supplied -- stored on the row's metadata -- wins over the one the row's
columns derive, because that is the whole reason a manifest may carry one: a
licensed artifact an operator drops into a shared location has an address of
its own and no url to fall back on.
A supplied key is validated the same way a derived one is. A manifest is
reviewed, not trusted, and the metadata comes back out of jsonb rather than
out of manifest validation, so a segment carrying a separator or a parent
reference is refused here too. The error is the detail alone, without an
artifact name, so each caller states the failure in its own terms.
GeoGenius.Pipeline.Artifacts resolves its downloads through this function,
so a release read here is addressed exactly as the import that wrote it
addressed it.

  



    

  
    
      
    
    
      fetch(collection_key, logical_name, opts \\ [])



        
          
        

    

  


  

      

          @spec fetch(String.t(), String.t(), keyword()) ::
  {:ok, GeoGenius.ReleaseArtifacts.Artifact.t()}
  | {:error, GeoGenius.ArtifactError.t()}


      


One artifact of a release, by the logical name its manifest gave it.
Resolves the artifact whether or not its file is present, so a caller can ask
where a licensed artifact would be before an operator has placed it.
path/3 is the same lookup for a caller that wants a file it can open.

  



    

  
    
      
    
    
      list(collection_key, opts \\ [])



        
          
        

    

  


  

      

          @spec list(String.t(), keyword()) ::
  {:ok, [GeoGenius.ReleaseArtifacts.Artifact.t()]}
  | {:error, GeoGenius.ArtifactError.t()}


      


Every artifact a release composes, ordered by logical name -- the order
GeoGenius.Catalog.release_artifacts/2 reads them in, so it is PostgreSQL's
guarantee rather than this module's.
:release_id reads a release other than the published one. It must be a
release of collection_key: an id the catalog does not carry, or one
belonging to another collection, is refused rather than read.
Returns {:error, %GeoGenius.ArtifactError{reason: :no_published_release}}
for a collection publishing nothing, rather than an empty list: a release
that legitimately composes no artifacts is a different answer, and a caller
repopulating a projection needs to tell them apart.
One artifact whose stored cache key is unusable fails the whole call. A
catalog row nothing can address is a defect in what was registered, and
quietly returning the rest would let a projection be rebuilt from a subset of
the files it was supposed to read.

  



    

  
    
      
    
    
      path(collection_key, logical_name, opts \\ [])



        
          
        

    

  


  

      

          @spec path(String.t(), String.t(), keyword()) ::
  {:ok, Path.t()} | {:error, GeoGenius.ArtifactError.t()}


      


The local file one artifact of a release resolves to.
Returns {:error, %GeoGenius.ArtifactError{reason: :not_cached}} when
nothing is at that path yet, naming both the path and the cache key, so an
operator reading the message knows where to put the file. That is the whole
point of returning an error here rather than the path regardless: a caller
handed a path to a file that does not exist discovers it as an :enoent
raised from inside whatever stream it opened, which names neither.

  


        

      


  

    
GeoGenius.ReleaseArtifacts.Artifact 
    



      
One artifact a release composes, together with where it resolves to on this
machine.
:path is where the artifact belongs in the configured cache, whether or not
anything is there: :present? is what says a file is actually sitting at it.
Reporting the two separately is what lets a caller name the path an operator
has to place a licensed file at, rather than only reporting that something is
missing.
Every other field restates the catalog row the artifact was read from, so a
caller that has this struct never has to go back to the catalog for the
checksum it should verify against or the source release it came from.
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      t()



        
          
        

    

  


  

      

          @type t() :: %GeoGenius.ReleaseArtifacts.Artifact{
  artifact_id: Ecto.UUID.t(),
  cache_key: String.t(),
  collection_key: String.t(),
  expected_bytes: integer(),
  expected_sha256: String.t(),
  format: String.t(),
  logical_name: String.t(),
  metadata: map(),
  observed_bytes: integer() | nil,
  observed_sha256: String.t() | nil,
  operator_supplied: boolean(),
  path: Path.t(),
  present?: boolean(),
  release_id: Ecto.UUID.t(),
  source_key: String.t(),
  source_release_id: Ecto.UUID.t(),
  source_release_key: String.t(),
  url: String.t() | nil,
  validated_at: DateTime.t() | nil
}


      



  


        

      


  

    
GeoGenius.SeededMatch 
    



      
One area returned by a plural catalog read, paired with the seed that found
it.
The plural reads -- GeoGenius.children_of_many/2 and its siblings --
resolve many seeds in one call, so the seed has to travel with each row:
without it a caller cannot tell which of its thousands of inputs a given row
answers. match is the ordinary GeoGenius.AreaMatch struct the singular
reads return, unchanged, so everything documented about it still applies.
seed_key holds whichever kind of seed the read takes: an area key for
children_of_many/2, ancestors_of_many/2, and related_areas_many/2, and
a code value for areas_by_code_many/3.
Grouping a plural result back onto the caller's own list is one step:
GeoGenius.children_of_many(county_keys)
|> Enum.group_by(& &1.seed_key, & &1.match)
A seed that matched nothing is absent from the result rather than present
with a nil match, so a caller that needs every seed represented supplies its
own default.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_result(result)

      


        Maps a plural read's query result into structs.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %GeoGenius.SeededMatch{
  match: GeoGenius.AreaMatch.t(),
  seed_key: String.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      from_result(result)



        
          
        

    

  


  

      

          @spec from_result(Postgrex.Result.t()) :: [t()]


      


Maps a plural read's query result into structs.
The seed column is located by name and split off; everything left is handed
to GeoGenius.AreaMatch.from_result/1, which maps it by name in turn. A
positional split would put an area key in :seed_key and a seed in
:area_key the first time the projection moved, and both are plausible
strings.
Raises if the result carries no seed column: that is a projection bug to
fix, not a value to invent.

  


        

      


  

    
GeoGenius.ImportRun 
    



      
One import run, as the import_run_status view reports it.
A run's state lives in PostgreSQL, never in process memory, so this struct is
a snapshot rather than a handle. GeoGenius.status/2 returns a fresh one on
every call and GeoGenius.await/3 polls for a newer one.
progress is the lease's rolling progress object, updated by heartbeats
during a phase. stage_metrics is the run's accumulated per-phase metrics,
updated at each phase boundary. A terminal run has no lease, so its
progress reads as an empty map and its heartbeat_at falls back to the
run's own column.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        finished?(import_run)

      


        Whether the run has reached a terminal state and will not advance again.



    


    
      
        from_result(result)

      


        Maps a query result into structs.



    


    
      
        succeeded?(import_run)

      


        Whether the run finished successfully.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %GeoGenius.ImportRun{
  attempt: integer() | nil,
  collection_key: String.t() | nil,
  completed_at: DateTime.t() | nil,
  error: map() | nil,
  execution_started_at: DateTime.t() | nil,
  executor_id: Ecto.UUID.t() | nil,
  heartbeat_at: DateTime.t() | nil,
  manifest: map() | nil,
  owner: String.t() | nil,
  progress: map() | nil,
  release_id: Ecto.UUID.t() | nil,
  release_key: String.t() | nil,
  run_id: Ecto.UUID.t(),
  runner_backend: String.t() | nil,
  stage_metrics: map() | nil,
  started_at: DateTime.t() | nil,
  status: String.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      finished?(import_run)



        
          
        

    

  


  

      

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


      


Whether the run has reached a terminal state and will not advance again.

  



  
    
      
    
    
      from_result(result)



        
          
        

    

  


  

      

          @spec from_result(Postgrex.Result.t()) :: [t()]


      


Maps a query result into structs.
Mapping is by column name. The view projects four text columns in a row, so a
positional mapping would transpose two of them silently the first time the
view's column order changed.

  



  
    
      
    
    
      succeeded?(import_run)



        
          
        

    

  


  

      

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


      


Whether the run finished successfully.

  


        

      


  

    
GeoGenius.Manifest 
    



      
The reviewed document that describes one release: <manifest_dir>/<collection>/<release>.json.
A manifest is how a new release becomes available -- nothing discovers or
follows a mutable "latest" pointer. load/3 reads and validates the file at
that path; from_map/2 runs the same validation over an already-decoded
document, which is how a manifest stored on release.manifest is rebuilt
without touching the filesystem again. to_map/1 is the inverse of both:
it produces the exact JSON-shaped map a manifest document contains, so
from_map(to_map(m)) round-trips.
Every failure -- a malformed field, an unknown provider, a name that could
escape the manifest directory -- raises or returns GeoGenius.ManifestError
naming the field that was wrong.

      


      
        Summary


  
    Types
  


    
      
        area_type()

      


        One entry of a manifest's area_types list.



    


    
      
        authority()

      


        One entry of a manifest's authorities list: who is responsible for the
identifiers a set of areas is keyed under.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(content, path \\ nil)

      


        Decodes a manifest document with Jason.



    


    
      
        from_map(map, path \\ nil)

      


        Validates an already-decoded manifest document, skipping the file and
decoding steps load/3 performs.



    


    
      
        load(collection, release, opts \\ [])

      


        Loads and validates the manifest for collection/release from the search
path.



    


    
      
        load!(collection, release, opts \\ [])

      


        Like load/3, but raises GeoGenius.ManifestError instead of returning an error tuple.



    


    
      
        to_map(manifest)

      


        Produces the JSON-shaped map a manifest document contains.



    





      


      
        Types


        


  
    
      
    
    
      area_type()



        
          
        

    

  


  

      

          @type area_type() :: %{
  :key => String.t(),
  :rank => pos_integer(),
  optional(:requires_geometry) => boolean()
}


      


One entry of a manifest's area_types list.

  



  
    
      
    
    
      authority()



        
          
        

    

  


  

      

          @type authority() :: %{key: String.t(), name: String.t()}


      


One entry of a manifest's authorities list: who is responsible for the
identifiers a set of areas is keyed under.
A collection may draw on more than one -- a US release keyed partly by the
Census, partly by the USPS, and partly by its own vendor identifiers names
all three -- so this is a list rather than a single value.
authorities is required and must name at least one, unlike area_types,
which a manifest may declare as an empty list: a manifest declaring no area
types registers none, and a release that normalizes an area whose type it
never declared fails. An empty authorities list is a manifest that can
register no area at all: upsert_area resolves an authority with
SELECT ... INTO STRICT and raises :no_data_found deep in normalization.
Rejecting it here is what turns that into an error naming the field, at load.
:authorities is in @enforce_keys for the same reason. Validation covers
the documents load/3 and from_map/2 read; the enforced key covers a
%GeoGenius.Manifest{} built in Elixir, which would otherwise default the
field to nil and reach registration's Enum.each/2 as a
Protocol.UndefinedError rather than an error naming the field.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %GeoGenius.Manifest{
  area_types: [area_type()],
  authorities: [authority()],
  collection: String.t(),
  collection_name: String.t() | nil,
  description: String.t() | nil,
  options: map(),
  provider: String.t(),
  release: String.t(),
  requires_geometry: boolean(),
  source_date: Date.t() | nil,
  sources: [GeoGenius.Manifest.Source.t()]
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      decode(content, path \\ nil)



        
          
        

    

  


  

      

          @spec decode(String.t(), Path.t() | nil) ::
  {:ok, map()} | {:error, GeoGenius.ManifestError.t()}


      


Decodes a manifest document with Jason.
path is carried onto any GeoGenius.ManifestError this returns, so a
decode failure names the file it came from.

  



    

  
    
      
    
    
      from_map(map, path \\ nil)



        
          
        

    

  


  

      

          @spec from_map(map(), Path.t() | nil) ::
  {:ok, t()} | {:error, GeoGenius.ManifestError.t()}


      


Validates an already-decoded manifest document, skipping the file and
decoding steps load/3 performs.
This is how a manifest stored on release.manifest is rebuilt without
reading it from disk again.

  



    

  
    
      
    
    
      load(collection, release, opts \\ [])



        
          
        

    

  


  

      

          @spec load(String.t(), String.t(), keyword()) ::
  {:ok, t()} | {:error, GeoGenius.ManifestError.t()}


      


Loads and validates the manifest for collection/release from the search
path.
Returns {:error, %GeoGenius.ManifestError{}} for a name that cannot be
looked up, a file that is not on the search path, JSON that does not parse,
or a document that fails validation.

  



    

  
    
      
    
    
      load!(collection, release, opts \\ [])



        
          
        

    

  


  

      

          @spec load!(String.t(), String.t(), keyword()) :: t()


      


Like load/3, but raises GeoGenius.ManifestError instead of returning an error tuple.

  



  
    
      
    
    
      to_map(manifest)



        
          
        

    

  


  

      

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


      


Produces the JSON-shaped map a manifest document contains.
from_map(to_map(manifest)) is the identity: this is what makes storing a
manifest on the release row lossless.

  


        

      


  

    
GeoGenius.Manifest.Artifact 
    



      
One file (or archive) a source is built from.
An artifact is either downloadable (it carries a url) or operator-supplied
(an operator has placed it in the cache by hand) -- never both and never
neither, so a manifest cannot describe an artifact the pipeline has no way
to obtain.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %GeoGenius.Manifest.Artifact{
  bytes: pos_integer(),
  format: String.t(),
  logical_name: String.t(),
  members: [String.t()],
  metadata: map(),
  operator_supplied: boolean(),
  required: boolean(),
  sha256: String.t(),
  url: String.t() | nil
}


      



  


        

      


  

    
GeoGenius.Manifest.Source 
    



      
One data source within a release: where it comes from, how it is licensed,
and the artifacts that carry it.
A release can draw from several sources -- an authority's own feed plus an
operator-supplied correction, for instance -- so GeoGenius.Manifest.sources
is a list of these rather than a single source embedded in the release.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %GeoGenius.Manifest.Source{
  artifacts: [GeoGenius.Manifest.Artifact.t()],
  attribution: String.t() | nil,
  license: String.t(),
  provider: String.t(),
  release_key: String.t(),
  source_date: Date.t() | nil,
  source_key: String.t()
}


      



  


        

      


  

    
GeoGenius.Pipeline 
    



      
Turns a claimed import run into a verified release.
execute/3 receives a run id GeoGenius.import/1 already obtained from
the atomic candidate-registration statement, reads what it needs out of PostgreSQL, and walks
the run through its phases: download every artifact, check each required one
arrived, stage them through the manifest's provider, normalize the staged
rows into the catalog, rebuild relations and write every edge the provider
asserts, analyze, and verify. It atomically claims the run's sole executor
before doing that work. It never registers the attempt or opens the release;
both belong to the caller that prepared the manifest.
The phases themselves live next door where they have room:
GeoGenius.Pipeline.Artifacts owns everything that touches the cache, the
downloader, and checksums; GeoGenius.Pipeline.Normalize owns everything
that knows GeoGenius.Provider.Area; GeoGenius.Pipeline.Relate owns
rebuilding measured relations and writing asserted edges. This module owns
the driver, the failure path, staging, and the two remaining one-line
phases, indexing and verifying.
What an import does not do
It does not publish. An import produces a verified candidate; making it
visible is a separate, explicit act, which is why mix geo_genius.publish
exists as its own task. publish: true is the convenience for a caller that
wants both in one call.
It does not open a transaction. Every catalog function is atomic as a
single statement, and durable phase progress must survive each commit.
Wrapping the run would roll all of that evidence back and hold one
connection for the length of the slowest phase. Recovery creates an
explicit new attempt rather than resuming execution in place.
Staging is emptied before it is written and dropped after
Every attempt stages from its own immutable artifact snapshot. The staging
phase starts from an empty table for that run -- GeoGenius.Staging.reset/3
-- so a leaked or manually pre-created table can never contribute rows the
owning executor did not stage.
The staging table is dropped in an after, on success and on failure alike.
No retry reuses a run_id; a corrected retry is a new attempt with a new
table name. A kept table is therefore a leak that the schema down
migration's teardown check would later refuse to drop through. What makes a retry cheap is the
artifact cache, which skips the network -- the expensive part. Re-parsing a
local file is not worth leaking a table per failure. A drop that fails is
logged at warning and the table left behind, because the alternative --
letting cleanup raise -- would replace the run's own outcome with it.
The failure path survives its own failures
A phase that returns {:error, reason}, raises, exits, or throws all reach
fail_import/4 the same way, and the stored error column is the durable
record of what happened. Everything after that point is written so it cannot
destroy that record: cleanup cannot replace the return value, and the re-read
that turns a recorded failure into a %GeoGenius.ImportRun{} cannot either.
A caller that gets {:error, {:unrecorded, certainty, reason}} is being
told the run's own row could not be read or written. :not_started means
execution never claimed the run; :outcome_unknown means work started but
its durable outcome could not be confirmed. That, and only that, is when
the reason arrives as a string instead of a run.
A notifier cannot fail an import
Every notify/3 call is wrapped, so a notifier that raises, exits, or
returns garbage is logged at warning level and dropped, and the phase
continues. A host's event delivery is a side channel; letting it abort a
two-hour import would be a worse contract than losing an event.
:phase_advanced for a phase carries the metrics of the phase before it:
a phase's own metrics are not known until it finishes, and they are written
onto the run by the next advance_import. The metrics of the last phase
arrive with :import_completed.
What a provider is handed
stage/5 receives opts[:work_dir], one directory resolved per run and
removed when the run ends, and opts[:command], the configured command
adapter wrapped by GeoGenius.Pipeline.CommandAllowlist so a provider that
reaches for something other than ogr2ogr is refused.
Options
	:publish -- publish the release after it verifies. Defaults to false.
	:batch_size -- staged rows read and normalized or asserted per round
trip, and the relate phase's heartbeat cadence. Defaults to 500.
	:work_dir -- the directory the run's own working directory is created
beneath. Defaults to the system temporary directory.
	:stale_after_seconds -- the staleness window this run was claimed
under (the registration claim's :stale_after_seconds, carried here
through GeoGenius.import/1 and a runner's args). Defaults to 900,
matching the public import default.
	:timeout -- milliseconds allowed for each ingestion batch or long
statement: staging and normalization batches, asserted relation batches,
the measured relation rebuild, analyze, verification, and publication,
which re-runs that same verification inside itself. Defaults to
:stale_after_seconds converted to milliseconds, so an explicit
:timeout here is only needed to diverge from the window the run was
actually claimed under.

Every other option is passed through to the cache, downloader, command, and
notifier adapters untouched.
What :timeout bounds
DBConnection's default is fifteen seconds, which a national relation rebuild
or the verification a publication re-runs exceeds by orders of magnitude; without an option here a host's only recourse
is raising :timeout on its own Repo, for every query it runs. :timeout
now derives from :stale_after_seconds, the same window
candidate registration claimed the run under, rather than a value that
merely resembled it: GeoGenius.import/1 knows the window it claimed with
and carries it through a runner's args to execute/3, so a caller that
claims with a shorter window gets a shorter statement timeout to match,
instead of a timeout longer than its own lease.
The statement is narrow: a statement that runs past :timeout fails and is
recorded as a failure rather than running indefinitely. It is not a
guarantee that the statement finishes inside the lease -- at the defaults,
advance_import renews the lease immediately before the statement and the
statement times out at roughly the moment the lease becomes stale. A stale
lease is diagnostic only and never authorizes another executor.
Ingestion statements also set checkout_retries: 0. Once a mutating
statement disconnects, the caller cannot know whether PostgreSQL committed
any of its work, so DBConnection must surface that one failure instead of
checking out another connection and repeating the statement. A runner retry
or a newly claimed import attempt owns recovery at the pipeline boundary.

      


      
        Summary


  
    Functions
  


    
      
        execute(context, run_id, opts \\ [])

      


        Runs a claimed import to completion, returning the run as PostgreSQL
recorded it.



    





      


      
        Functions


        


    

  
    
      
    
    
      execute(context, run_id, opts \\ [])



        
          
        

    

  


  

      

          @spec execute(GeoGenius.Context.t(), Ecto.UUID.t(), keyword()) ::
  {:ok, GeoGenius.ImportRun.t()}
  | {:noop, GeoGenius.ImportRun.t()}
  | {:error, GeoGenius.ImportRun.t()}
  | {:error, {:unrecorded, :not_started | :outcome_unknown, String.t()}}


      


Runs a claimed import to completion, returning the run as PostgreSQL
recorded it.
Returns {:noop, run} when another executor already owns a nonterminal run,
and {:error, run} for a run that failed, with the run re-read so the caller
sees the stored state. Returns
{:error, {:unrecorded, certainty, reason}} only when there is no such
record to return. :not_started identifies an unknown run or a guardian
failure before executor claim; :outcome_unknown identifies a failure to
record or confirm an outcome after execution may have started.

  


        

      


  

    
GeoGenius.Registration 
    



      
Translates the catalog's exact-candidate lifecycle decision into the public
Elixir result vocabulary.
Registration and run claiming are one database statement. The statement
has committed before this module returns, so callers may enqueue only an
:enqueue result without exposing partially registered catalog state.

      


      
        Summary


  
    Types
  


    
      
        accepted()

      


    


    
      
        accepted_reason()

      


    


    
      
        result()

      


    





  
    Functions
  


    
      
        prepare_import(context, manifest, claim)

      


        Atomically registers one exact manifest or diagnoses its existing import attempt.



    


    
      
        retry_failed(context, failed_run_id, manifest, claim)

      


        Atomically replaces one failed latest attempt with an exact corrected manifest.



    





      


      
        Types


        


  
    
      
    
    
      accepted()



        
          
        

    

  


  

      

          @type accepted() :: %{
  run_id: Ecto.UUID.t(),
  release_id: Ecto.UUID.t(),
  attempt: pos_integer(),
  reason: accepted_reason()
}


      



  



  
    
      
    
    
      accepted_reason()



        
          
        

    

  


  

      

          @type accepted_reason() :: :registered | :retried | :same_owner | :completed


      



  



  
    
      
    
    
      result()



        
          
        

    

  


  

      

          @type result() ::
  {:enqueue, accepted()}
  | {:existing, accepted()}
  | {:error, GeoGenius.CandidateError.t()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      prepare_import(context, manifest, claim)



        
          
        

    

  


  

      

          @spec prepare_import(GeoGenius.Context.t(), GeoGenius.Manifest.t(), map()) :: result()


      


Atomically registers one exact manifest or diagnoses its existing import attempt.

  



  
    
      
    
    
      retry_failed(context, failed_run_id, manifest, claim)



        
          
        

    

  


  

      

          @spec retry_failed(
  GeoGenius.Context.t(),
  Ecto.UUID.t(),
  GeoGenius.Manifest.t(),
  map()
) :: result()


      


Atomically replaces one failed latest attempt with an exact corrected manifest.

  


        

      


  

    
GeoGenius.Catalog 
    



      
Writes and publishes the catalog: collections, authorities, area types,
areas, their names and codes, releases, sources, artifacts, and import
runs.
GeoGenius.Store is a behaviour because the read side names a host-repo
seam as its alternative: a host may want reads routed through its own
layer. Ingestion has no such alternative -- there is exactly one way to
write this catalog, and it is the shipped SQL. A behaviour here would be
one callback list with one implementation and no second caller, so this is
a plain module instead.
Every function that wraps more than a couple of positional SQL arguments
takes (context, identifier, attrs). Most of attrs's keys are named for
the SQL argument they fill, but a few are named for what they mean on the
Elixir side instead, because that name reads better at every call site that
will use it: put_area_in_release's :attributes (SQL data),
put_boundary's :geometry (SQL input_geom) and :source_release_id
(SQL target_source_release_id). Candidate registration and failed-attempt
retry accept :stale_after_seconds inside their claim maps (SQL
stale_after, expressed in seconds rather than as an interval). This shape
keeps every wrapper's arity under Credo's cap
and means a caller cannot silently transpose two same-typed arguments by
getting their position wrong.
Every uuid crosses this module as the hyphenated string the read layer
already returns and accepts, never as Postgrex's raw sixteen-byte binary.

      


      
        Summary


  
    Functions
  


    
      
        advance_import(context, run_id, executor_id, next_status, metrics_patch)

      


        Advances a run to its next status, merging a metrics patch into its stage metrics.



    


    
      
        analyze_import(context, run_id, executor_id, opts \\ [])

      


        Runs ANALYZE against the candidate owned by the current leased import attempt.



    


    
      
        analyze_release(context, release_id, opts \\ [])

      


        Runs ANALYZE against a release's partitions.



    


    
      
        attach_artifact(context, release_id, artifact_id)

      


        Attaches one immutable artifact definition to the exact release that selected it.



    


    
      
        attach_source_release(context, release_id, source_release_id)

      


        Attaches a source release to a release, so the release composes it.



    


    
      
        claim_import_execution(context, run_id, executor_id)

      


        Atomically claims the one executor allowed to run a pending import attempt.



    


    
      
        complete_import(context, run_id, executor_id, metrics, opts \\ [])

      


        Completes the verified current import attempt without publishing its release.



    


    
      
        create_staging(context, run_id, executor_id)

      


        Creates a release's staging table, returning its name.



    


    
      
        drop_staging(context, run_id)

      


        Drops a terminal or orphaned run's staging table, if it exists.



    


    
      
        drop_staging(context, run_id, executor_id)

      


        Drops the current executor's active staging table, if it exists.



    


    
      
        fail_import(context, run_id, executor_id, error_detail)

      


        Marks a run failed, storing its error detail.



    


    
      
        heartbeat_import(context, run_id, executor_id, progress_patch)

      


        Merges a progress patch into a run's active lease.



    


    
      
        import_run(context, run_id)

      


        One import run, or nil when no run carries that id.



    


    
      
        import_runs(context, collection_key)

      


        Every import run recorded for a collection, most recently started first.



    


    
      
        open_release(context, collection_key, attrs)

      


        Opens a release for a collection with its reviewed manifest, returning its
id. Reopening the same, still-unpublished release returns the same id.



    


    
      
        prepare_import(context, manifest, claim)

      


        Atomically registers or diagnoses one exact manifest and its import attempt.



    


    
      
        publish_import(context, run_id, executor_id, opts \\ [])

      


        Publishes the candidate owned by the current leased import attempt.



    


    
      
        publish_release(context, release_id, opts \\ [])

      


        Publishes a release, returning the id of the collection it publishes into.



    


    
      
        published_release(context, collection_key)

      


        The currently published release for a collection, or nil if none is published.



    


    
      
        put_area_code(context, run_id, executor_id, area_key, attrs)

      


        Sets one of an area's external codes, returning the code row's id.



    


    
      
        put_area_code_many(context, run_id, executor_id, codes, opts \\ [])

      


        Sets every external code in codes, returning the code rows' ids in the
order they were given.



    


    
      
        put_area_in_release(context, run_id, executor_id, area_key, attrs)

      


        Places an area into a release with its centroid and release-scoped
attributes.



    


    
      
        put_area_in_release_many(context, run_id, executor_id, memberships, opts \\ [])

      


        Places every area in memberships into one release, in one round trip.



    


    
      
        put_area_name(context, run_id, executor_id, area_key, attrs)

      


        Sets one of an area's names, returning the name row's id.



    


    
      
        put_area_name_many(context, run_id, executor_id, names, opts \\ [])

      


        Sets every name in names, returning the name rows' ids in the order they
were given.



    


    
      
        put_artifact(context, source_release_id, attrs)

      


        Records an artifact belonging to a source release, returning its id.



    


    
      
        put_boundaries(context, run_id, executor_id, boundaries, opts \\ [])

      


        Attaches every boundary in boundaries within one release, in one round trip.



    


    
      
        put_boundary(context, run_id, executor_id, area_key, attrs)

      


        Attaches a boundary geometry to an area within a release, attributed to the
source release it came from.



    


    
      
        put_relation(context, run_id, executor_id, attrs)

      


        Asserts a relation between two areas within a release.



    


    
      
        put_relation_many(context, run_id, executor_id, relations, opts \\ [])

      


        Asserts every relation in relations within one release, in one round trip.



    


    
      
        rebuild_relations(context, run_id, executor_id, opts \\ [])

      


        Rebuilds a release's transitive relations, returning how many rows were
written.



    


    
      
        record_artifact_observation(context, run_id, executor_id, artifact_id, attrs)

      


        Records what a download actually produced, checking it against the
artifact's manifest expectation.



    


    
      
        release_artifacts(context, release_id)

      


        Every artifact the release composes, with the source release each is
attributed to. Reads the release_artifacts view.



    


    
      
        release_collection_key(context, release_id)

      


        The key of the collection a release belongs to, or nil for a release id the
catalog does not carry.



    


    
      
        release_manifest(context, release_id)

      


        The manifest a release was opened with, as a decoded map.



    


    
      
        retire_releases(context, collection_key, keep)

      


        Drops the bulk data of every release beyond the newest keep, returning how
many were retired.



    


    
      
        retry_failed(context, failed_run_id, manifest, claim)

      


        Atomically resets one failed latest attempt to an exact replacement manifest.



    


    
      
        rollback_publication(context, collection_key)

      


        Rolls a collection's publication back to its previous release, returning
the collection's id on success.



    


    
      
        run_artifacts(context, run_id)

      


        The exact artifact definitions and observations for one import attempt.



    


    
      
        upsert_area(context, collection_key, attrs)

      


        Creates or updates an area within a collection, returning its id.



    


    
      
        upsert_area_many(context, run_id, executor_id, areas, opts \\ [])

      


        Creates or updates every area in areas, returning their ids in the order
they were given.



    


    
      
        upsert_area_type(context, collection_key, attrs)

      


        Creates or updates an area type within a collection, returning its id.



    


    
      
        upsert_authority(context, collection_key, attrs)

      


        Creates or updates an authority within a collection, returning its id.



    


    
      
        upsert_collection(context, attrs)

      


        Creates or updates a collection, returning its id.



    


    
      
        upsert_source(context, collection_key, attrs)

      


        Creates or updates a source within a collection, returning its id.



    


    
      
        upsert_source_release(context, collection_key, attrs)

      


        Creates or updates a source release, returning its id.



    


    
      
        verify_import(context, run_id, executor_id, opts \\ [])

      


        Checks the current leased import attempt's structural invariants.



    


    
      
        verify_release(context, release_id, opts \\ [])

      


        Checks a release's structural invariants, returning a report rather than
raising.



    





      


      
        Functions


        


  
    
      
    
    
      advance_import(context, run_id, executor_id, next_status, metrics_patch)



        
          
        

    

  


  

      

          @spec advance_import(
  GeoGenius.Context.t(),
  Ecto.UUID.t(),
  Ecto.UUID.t(),
  String.t(),
  map()
) :: :ok


      


Advances a run to its next status, merging a metrics patch into its stage metrics.

  



    

  
    
      
    
    
      analyze_import(context, run_id, executor_id, opts \\ [])



        
          
        

    

  


  

      

          @spec analyze_import(GeoGenius.Context.t(), Ecto.UUID.t(), Ecto.UUID.t(), keyword()) ::
  :ok


      


Runs ANALYZE against the candidate owned by the current leased import attempt.

  



    

  
    
      
    
    
      analyze_release(context, release_id, opts \\ [])



        
          
        

    

  


  

      

          @spec analyze_release(GeoGenius.Context.t(), Ecto.UUID.t(), keyword()) :: :ok


      


Runs ANALYZE against a release's partitions.
A national release analyzes tables holding hundreds of thousands of rows in
one statement, so opts reaches Repo.query/3 here too.

  



  
    
      
    
    
      attach_artifact(context, release_id, artifact_id)



        
          
        

    

  


  

      

          @spec attach_artifact(GeoGenius.Context.t(), Ecto.UUID.t(), Ecto.UUID.t()) :: :ok


      


Attaches one immutable artifact definition to the exact release that selected it.

  



  
    
      
    
    
      attach_source_release(context, release_id, source_release_id)



        
          
        

    

  


  

      

          @spec attach_source_release(GeoGenius.Context.t(), Ecto.UUID.t(), Ecto.UUID.t()) ::
  :ok


      


Attaches a source release to a release, so the release composes it.

  



  
    
      
    
    
      claim_import_execution(context, run_id, executor_id)



        
          
        

    

  


  

      

          @spec claim_import_execution(GeoGenius.Context.t(), Ecto.UUID.t(), Ecto.UUID.t()) ::
  :claimed | :occupied | :completed | :failed | :missing | :superseded


      


Atomically claims the one executor allowed to run a pending import attempt.

  



    

  
    
      
    
    
      complete_import(context, run_id, executor_id, metrics, opts \\ [])



        
          
        

    

  


  

      

          @spec complete_import(
  GeoGenius.Context.t(),
  Ecto.UUID.t(),
  Ecto.UUID.t(),
  map(),
  keyword()
) ::
  Ecto.UUID.t()


      


Completes the verified current import attempt without publishing its release.

  



  
    
      
    
    
      create_staging(context, run_id, executor_id)



        
          
        

    

  


  

      

          @spec create_staging(GeoGenius.Context.t(), Ecto.UUID.t(), Ecto.UUID.t()) ::
  String.t()


      


Creates a release's staging table, returning its name.

  



  
    
      
    
    
      drop_staging(context, run_id)



        
          
        

    

  


  

      

          @spec drop_staging(GeoGenius.Context.t(), Ecto.UUID.t()) :: :ok


      


Drops a terminal or orphaned run's staging table, if it exists.

  



  
    
      
    
    
      drop_staging(context, run_id, executor_id)



        
          
        

    

  


  

      

          @spec drop_staging(GeoGenius.Context.t(), Ecto.UUID.t(), Ecto.UUID.t()) :: :ok


      


Drops the current executor's active staging table, if it exists.

  



  
    
      
    
    
      fail_import(context, run_id, executor_id, error_detail)



        
          
        

    

  


  

      

          @spec fail_import(GeoGenius.Context.t(), Ecto.UUID.t(), Ecto.UUID.t(), map()) :: :ok


      


Marks a run failed, storing its error detail.
Raises 55000 for a run that has completed. Idempotent on one that already
failed.

  



  
    
      
    
    
      heartbeat_import(context, run_id, executor_id, progress_patch)



        
          
        

    

  


  

      

          @spec heartbeat_import(GeoGenius.Context.t(), Ecto.UUID.t(), Ecto.UUID.t(), map()) ::
  :ok


      


Merges a progress patch into a run's active lease.

  



  
    
      
    
    
      import_run(context, run_id)



        
          
        

    

  


  

      

          @spec import_run(GeoGenius.Context.t(), Ecto.UUID.t()) ::
  GeoGenius.ImportRun.t() | nil


      


One import run, or nil when no run carries that id.

  



  
    
      
    
    
      import_runs(context, collection_key)



        
          
        

    

  


  

      

          @spec import_runs(GeoGenius.Context.t(), String.t()) :: [GeoGenius.ImportRun.t()]


      


Every import run recorded for a collection, most recently started first.

  



  
    
      
    
    
      open_release(context, collection_key, attrs)



        
          
        

    

  


  

      

          @spec open_release(GeoGenius.Context.t(), String.t(), map()) :: Ecto.UUID.t()


      


Opens a release for a collection with its reviewed manifest, returning its
id. Reopening the same, still-unpublished release returns the same id.

  



  
    
      
    
    
      prepare_import(context, manifest, claim)



        
          
        

    

  


  

      

          @spec prepare_import(GeoGenius.Context.t(), map(), map()) :: map()


      


Atomically registers or diagnoses one exact manifest and its import attempt.

  



    

  
    
      
    
    
      publish_import(context, run_id, executor_id, opts \\ [])



        
          
        

    

  


  

      

          @spec publish_import(GeoGenius.Context.t(), Ecto.UUID.t(), Ecto.UUID.t(), keyword()) ::
  Ecto.UUID.t()


      


Publishes the candidate owned by the current leased import attempt.

  



    

  
    
      
    
    
      publish_release(context, release_id, opts \\ [])



        
          
        

    

  


  

      

          @spec publish_release(GeoGenius.Context.t(), Ecto.UUID.t(), keyword()) ::
  Ecto.UUID.t()


      


Publishes a release, returning the id of the collection it publishes into.
The SQL function re-runs verify_release as its first act, so a publication
costs whatever that release's verification costs. opts reaches
Repo.query/3 for the same reason it does on rebuild_relations/3,
verify_release/3, and analyze_release/3: a release large enough to need
more than DBConnection's fifteen-second default has no other way to ask for
it.

  



  
    
      
    
    
      published_release(context, collection_key)



        
          
        

    

  


  

      

          @spec published_release(GeoGenius.Context.t(), String.t()) :: Ecto.UUID.t() | nil


      


The currently published release for a collection, or nil if none is published.

  



  
    
      
    
    
      put_area_code(context, run_id, executor_id, area_key, attrs)



        
          
        

    

  


  

      

          @spec put_area_code(
  GeoGenius.Context.t(),
  Ecto.UUID.t(),
  Ecto.UUID.t(),
  String.t(),
  map()
) ::
  Ecto.UUID.t()


      


Sets one of an area's external codes, returning the code row's id.

  



    

  
    
      
    
    
      put_area_code_many(context, run_id, executor_id, codes, opts \\ [])



        
          
        

    

  


  

      

          @spec put_area_code_many(
  GeoGenius.Context.t(),
  Ecto.UUID.t(),
  Ecto.UUID.t(),
  [map()],
  keyword()
) :: [
  Ecto.UUID.t()
]


      


Sets every external code in codes, returning the code rows' ids in the
order they were given.
Each map carries :area_key, :code_type, and :code_value. This is
put_area_code/3 over a whole batch, in one round trip.
Returns [] without touching the database for an empty list.

  



  
    
      
    
    
      put_area_in_release(context, run_id, executor_id, area_key, attrs)



        
          
        

    

  


  

      

          @spec put_area_in_release(
  GeoGenius.Context.t(),
  Ecto.UUID.t(),
  Ecto.UUID.t(),
  String.t(),
  map()
) :: :ok


      


Places an area into a release with its centroid and release-scoped
attributes.

  



    

  
    
      
    
    
      put_area_in_release_many(context, run_id, executor_id, memberships, opts \\ [])



        
          
        

    

  


  

      

          @spec put_area_in_release_many(
  GeoGenius.Context.t(),
  Ecto.UUID.t(),
  Ecto.UUID.t(),
  [map()],
  keyword()
) :: :ok


      


Places every area in memberships into one release, in one round trip.
Each map carries :area_key, :centroid, and optional :attributes.
Membership is last-write-wins, so an area named twice in one batch keeps the
last of the two, exactly as two put_area_in_release/5 calls would leave it.
Returns :ok without touching the database for an empty list, having
validated release_id first, so a malformed release id fails the way it
would for a batch that had rows.

  



  
    
      
    
    
      put_area_name(context, run_id, executor_id, area_key, attrs)



        
          
        

    

  


  

      

          @spec put_area_name(
  GeoGenius.Context.t(),
  Ecto.UUID.t(),
  Ecto.UUID.t(),
  String.t(),
  map()
) ::
  Ecto.UUID.t()


      


Sets one of an area's names, returning the name row's id.

  



    

  
    
      
    
    
      put_area_name_many(context, run_id, executor_id, names, opts \\ [])



        
          
        

    

  


  

      

          @spec put_area_name_many(
  GeoGenius.Context.t(),
  Ecto.UUID.t(),
  Ecto.UUID.t(),
  [map()],
  keyword()
) :: [
  Ecto.UUID.t()
]


      


Sets every name in names, returning the name rows' ids in the order they
were given.
Each map carries :area_key, :name, :kind, and an optional :locale.
This is put_area_name/5 over a whole batch, in one round trip; :locale
is the one field that may be nil.
Returns [] without touching the database for an empty list.

  



  
    
      
    
    
      put_artifact(context, source_release_id, attrs)



        
          
        

    

  


  

      

          @spec put_artifact(GeoGenius.Context.t(), Ecto.UUID.t(), map()) :: Ecto.UUID.t()


      


Records an artifact belonging to a source release, returning its id.
:expected_sha256 and :expected_bytes come from the reviewed manifest and
are what record_artifact_observation/5 later checks a download against.

  



    

  
    
      
    
    
      put_boundaries(context, run_id, executor_id, boundaries, opts \\ [])



        
          
        

    

  


  

      

          @spec put_boundaries(
  GeoGenius.Context.t(),
  Ecto.UUID.t(),
  Ecto.UUID.t(),
  [map()],
  keyword()
) :: :ok


      


Attaches every boundary in boundaries within one release, in one round trip.
Each map carries :area_key, :source_release_id, and :geometry, with
optional :display_tier and :source_properties. A repeated area key keeps
its last boundary, matching the state left by scalar writes in caller order.
Returns :ok without touching the database for an empty list, having
validated release_id first.

  



  
    
      
    
    
      put_boundary(context, run_id, executor_id, area_key, attrs)



        
          
        

    

  


  

      

          @spec put_boundary(
  GeoGenius.Context.t(),
  Ecto.UUID.t(),
  Ecto.UUID.t(),
  String.t(),
  map()
) :: :ok


      


Attaches a boundary geometry to an area within a release, attributed to the
source release it came from.
A zero or omitted :simplify_tolerance uses the set-based boundary path.
A nonzero tolerance retains the singular SQL path so existing callers keep
its display-geometry simplification behavior.

  



  
    
      
    
    
      put_relation(context, run_id, executor_id, attrs)



        
          
        

    

  


  

      

          @spec put_relation(GeoGenius.Context.t(), Ecto.UUID.t(), Ecto.UUID.t(), map()) :: :ok


      


Asserts a relation between two areas within a release.

  



    

  
    
      
    
    
      put_relation_many(context, run_id, executor_id, relations, opts \\ [])



        
          
        

    

  


  

      

          @spec put_relation_many(
  GeoGenius.Context.t(),
  Ecto.UUID.t(),
  Ecto.UUID.t(),
  [map()],
  keyword()
) :: :ok


      


Asserts every relation in relations within one release, in one round trip.
Each map carries :parent_area_key, :child_area_key, and
:relation_type. A pair asserted twice in one batch keeps the last
:relation_type, the way two put_relation/4 calls would leave it.
Returns :ok without touching the database for an empty list, having
validated release_id first.

  



    

  
    
      
    
    
      rebuild_relations(context, run_id, executor_id, opts \\ [])



        
          
        

    

  


  

      

          @spec rebuild_relations(
  GeoGenius.Context.t(),
  Ecto.UUID.t(),
  Ecto.UUID.t(),
  keyword()
) :: integer()


      


Rebuilds a release's transitive relations, returning how many rows were
written.
One statement measures every pair in the release, so this is among the
longest calls in the library. opts reaches Repo.query/3, which is how a
caller raises :timeout past DBConnection's fifteen-second default for a
release large enough to need it.

  



  
    
      
    
    
      record_artifact_observation(context, run_id, executor_id, artifact_id, attrs)



        
          
        

    

  


  

      

          @spec record_artifact_observation(
  GeoGenius.Context.t(),
  Ecto.UUID.t(),
  Ecto.UUID.t(),
  Ecto.UUID.t(),
  map()
) :: :ok


      


Records what a download actually produced, checking it against the
artifact's manifest expectation.

  



  
    
      
    
    
      release_artifacts(context, release_id)



        
          
        

    

  


  

      

          @spec release_artifacts(GeoGenius.Context.t(), Ecto.UUID.t()) :: [map()]


      


Every artifact the release composes, with the source release each is
attributed to. Reads the release_artifacts view.
Each map carries string keys matching the view's columns: "release_id",
"artifact_id", "source_release_id", "source_key",
"source_release_key", "collection_key", "logical_name", "url",
"operator_supplied", "format", "expected_sha256", "expected_bytes",
"observed_sha256", "observed_bytes", "validated_at", and "metadata".
The two uuid columns are cast to text. Ordered by logical_name, so a caller
reading a release twice sees the same sequence: the view carries no ordering
of its own, and a caller that needs one has no way to add it.

  



  
    
      
    
    
      release_collection_key(context, release_id)



        
          
        

    

  


  

      

          @spec release_collection_key(GeoGenius.Context.t(), Ecto.UUID.t()) :: String.t() | nil


      


The key of the collection a release belongs to, or nil for a release id the
catalog does not carry.
A release id reaching the catalog from outside -- one a host stored, or one
passed as a :release_id option -- says nothing about which collection it
belongs to, and every release-scoped read filters on the id alone. This is
how a caller checks that the id it was handed is a release of the collection
it means, rather than reading another collection's rows under its own name.

  



  
    
      
    
    
      release_manifest(context, release_id)



        
          
        

    

  


  

      

          @spec release_manifest(GeoGenius.Context.t(), Ecto.UUID.t()) :: map() | nil


      


The manifest a release was opened with, as a decoded map.
This is the release's current declaration. Import execution instead rebuilds
from import_run.manifest, preserving the exact document selected by that
attempt even when a corrected retry replaces the candidate declaration.

  



  
    
      
    
    
      retire_releases(context, collection_key, keep)



        
          
        

    

  


  

      

          @spec retire_releases(GeoGenius.Context.t(), String.t(), pos_integer()) ::
  non_neg_integer()


      


Drops the bulk data of every release beyond the newest keep, returning how
many were retired.
The release rows survive: publication_event and import_run reference
them, and both are kept indefinitely. Only the partitions holding geometry,
membership, and relations go.

  



  
    
      
    
    
      retry_failed(context, failed_run_id, manifest, claim)



        
          
        

    

  


  

      

          @spec retry_failed(GeoGenius.Context.t(), Ecto.UUID.t(), map(), map()) :: map()


      


Atomically resets one failed latest attempt to an exact replacement manifest.

  



  
    
      
    
    
      rollback_publication(context, collection_key)



        
          
        

    

  


  

      

          @spec rollback_publication(GeoGenius.Context.t(), String.t()) :: Ecto.UUID.t() | nil


      


Rolls a collection's publication back to its previous release, returning
the collection's id on success.
Returns nil for a collection key the catalog does not carry, since a
caller cannot distinguish that from "nothing to roll back" by the key
alone. Raises when the collection exists but has no previous release: that
is an operator error worth surfacing rather than a silent no-op.

  



  
    
      
    
    
      run_artifacts(context, run_id)



        
          
        

    

  


  

      

          @spec run_artifacts(GeoGenius.Context.t(), Ecto.UUID.t()) :: [map()]


      


The exact artifact definitions and observations for one import attempt.

  



  
    
      
    
    
      upsert_area(context, collection_key, attrs)



        
          
        

    

  


  

      

          @spec upsert_area(GeoGenius.Context.t(), String.t(), map()) :: Ecto.UUID.t()


      


Creates or updates an area within a collection, returning its id.

  



    

  
    
      
    
    
      upsert_area_many(context, run_id, executor_id, areas, opts \\ [])



        
          
        

    

  


  

      

          @spec upsert_area_many(
  GeoGenius.Context.t(),
  Ecto.UUID.t(),
  Ecto.UUID.t(),
  [map()],
  keyword()
) :: [
  Ecto.UUID.t()
]


      


Creates or updates every area in areas, returning their ids in the order
they were given.
Each map carries :authority_key, :area_type_key, and :code. The three
cross as parallel arrays and are written by one statement, so a batch costs
one round trip rather than one per area, and upsert_area/3 is this
function with a one-element list. An area named twice in one batch -- the
county every city row of that county describes -- is written once and its id
returned at both positions.
Returns [] without touching the database for an empty list.

  



  
    
      
    
    
      upsert_area_type(context, collection_key, attrs)



        
          
        

    

  


  

      

          @spec upsert_area_type(GeoGenius.Context.t(), String.t(), map()) :: Ecto.UUID.t()


      


Creates or updates an area type within a collection, returning its id.

  



  
    
      
    
    
      upsert_authority(context, collection_key, attrs)



        
          
        

    

  


  

      

          @spec upsert_authority(GeoGenius.Context.t(), String.t(), map()) :: Ecto.UUID.t()


      


Creates or updates an authority within a collection, returning its id.

  



  
    
      
    
    
      upsert_collection(context, attrs)



        
          
        

    

  


  

      

          @spec upsert_collection(GeoGenius.Context.t(), map()) :: Ecto.UUID.t()


      


Creates or updates a collection, returning its id.

  



  
    
      
    
    
      upsert_source(context, collection_key, attrs)



        
          
        

    

  


  

      

          @spec upsert_source(GeoGenius.Context.t(), String.t(), map()) :: Ecto.UUID.t()


      


Creates or updates a source within a collection, returning its id.

  



  
    
      
    
    
      upsert_source_release(context, collection_key, attrs)



        
          
        

    

  


  

      

          @spec upsert_source_release(GeoGenius.Context.t(), String.t(), map()) :: Ecto.UUID.t()


      


Creates or updates a source release, returning its id.

  



    

  
    
      
    
    
      verify_import(context, run_id, executor_id, opts \\ [])



        
          
        

    

  


  

      

          @spec verify_import(GeoGenius.Context.t(), Ecto.UUID.t(), Ecto.UUID.t(), keyword()) ::
  map()


      


Checks the current leased import attempt's structural invariants.

  



    

  
    
      
    
    
      verify_release(context, release_id, opts \\ [])



        
          
        

    

  


  

      

          @spec verify_release(GeoGenius.Context.t(), Ecto.UUID.t(), keyword()) :: map()


      


Checks a release's structural invariants, returning a report rather than
raising.
Every check runs in one statement across every area and boundary in the
release, so opts reaches Repo.query/3 the same way rebuild_relations/3
passes a :timeout through.

  


        

      


  

    
GeoGenius.Context 
    



      
Runtime dependencies for one GeoGenius operation.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        adapter(context, name)

      


        The module serving one adapter role for this operation.



    


    
      
        new(opts \\ [])

      


        Builds a context from explicit options over package configuration.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %GeoGenius.Context{
  cache: module() | nil,
  command: module() | nil,
  downloader: module() | nil,
  notifier: module() | nil,
  prefix: String.t(),
  repo: module(),
  runner: module() | nil,
  store: module()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      adapter(context, name)



        
          
        

    

  


  

      

          @spec adapter(t(), atom()) :: module()


      


The module serving one adapter role for this operation.
A context built through new/1 carries its adapters. A context assembled as
a struct literal carries nil, and falls back to the same resolution new/1
used, so a caller that built one by hand still gets a working adapter rather
than a nil module and an UndefinedFunctionError several phases in.
:runner always routes through Runner.configured/1, even when this
context already carries an explicit module for it: that is the only place
an explicit runner is validated -- checked for Code.ensure_loaded?/1 and
every GeoGenius.Runner callback -- and a lookup that returned early on a
non-nil field would skip that check on the one path a host actually calls,
Context.new(runner: SomeModule) |> Context.adapter(:runner). The other
adapters have no such validation step, so they keep the cheap early return:
a context already carrying one never spends a second lookup on it.

  



    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

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


      


Builds a context from explicit options over package configuration.
The application environment describes exactly one host. A VM serving several
hosts passes :repo and :prefix on every call instead.
:runner carries only what opts explicitly gave -- never nil coalesced
against config :geo_genius, :runner here, and never validated here. Both
of those happen once, in Runner.configured/1, the only place they need to
live: adapter/2 routes every :runner lookup through it below, whether
this context ends up carrying an explicit module or nil.

  


        

      


  

    
GeoGenius.Staging 
    



      
The per-run landing area between an artifact and the catalog.
A provider parses one artifact into rows here, and normalization reads them
back out one at a time. The indirection buys separation: normalization reads
one row shape whatever format the artifact arrived in, the catalog is
written to at a pace no parser sets, and a provider's parsing is testable
against a table rather than against the catalog's constraints.
It is not recovery input. Every attempt stages afresh from its immutable
artifact snapshot, so a pass begins by emptying the run's table -- see
reset/3.
The table is created and dropped per run and is UNLOGGED, because its
content is reproducible from a checksummed artifact and skipping WAL for a
bulk load of hundreds of thousands of rows is the reason staging is its own
phase.

      


      
        Summary


  
    Functions
  


    
      
        count(context, run_id)

      


        The number of rows currently staged for a run.



    


    
      
        create(context, run_id, executor_id)

      


        Creates a run's staging table, if it does not already exist, returning its name.



    


    
      
        drop(context, run_id)

      


        Drops a terminal or orphaned run's staging table, if it exists.



    


    
      
        drop(context, run_id, executor_id)

      


        Drops the current executor's active staging table, if it exists.



    


    
      
        insert(context, run_id, executor_id, rows, opts \\ [])

      


        Bulk-inserts rows, returning the number of rows written.



    


    
      
        leaked(context)

      


        Every staging table no run still needs.



    


    
      
        reset(context, run_id, executor_id)

      


        Empties a run's staging table, creating it if it is not there, and returns
its name.



    


    
      
        stream(context, run_id, opts \\ [])

      


        Streams a run's staged rows in insertion order.



    


    
      
        table_name(run_id)

      


        The staging table's name for a run.



    





      


      
        Functions


        


  
    
      
    
    
      count(context, run_id)



        
          
        

    

  


  

      

          @spec count(GeoGenius.Context.t(), Ecto.UUID.t()) :: non_neg_integer()


      


The number of rows currently staged for a run.

  



  
    
      
    
    
      create(context, run_id, executor_id)



        
          
        

    

  


  

      

          @spec create(GeoGenius.Context.t(), Ecto.UUID.t(), Ecto.UUID.t()) :: String.t()


      


Creates a run's staging table, if it does not already exist, returning its name.

  



  
    
      
    
    
      drop(context, run_id)



        
          
        

    

  


  

      

          @spec drop(GeoGenius.Context.t(), Ecto.UUID.t()) :: :ok


      


Drops a terminal or orphaned run's staging table, if it exists.

  



  
    
      
    
    
      drop(context, run_id, executor_id)



        
          
        

    

  


  

      

          @spec drop(GeoGenius.Context.t(), Ecto.UUID.t(), Ecto.UUID.t()) :: :ok


      


Drops the current executor's active staging table, if it exists.

  



    

  
    
      
    
    
      insert(context, run_id, executor_id, rows, opts \\ [])



        
          
        

    

  


  

      

          @spec insert(
  GeoGenius.Context.t(),
  Ecto.UUID.t(),
  Ecto.UUID.t(),
  [GeoGenius.Staging.Row.t()],
  keyword()
) :: non_neg_integer()


      


Bulk-inserts rows, returning the number of rows written.
Issues one round trip regardless of batch size: the three fields unzip into
parallel arrays and cross as a single unnest insert rather than as one
statement per row. payload binds as a list of maps, never as pre-encoded
JSON text -- a string would decode back as a jsonb string value holding an
escaped object rather than the object itself, and no constraint catches
that because a JSON string is valid jsonb.
Returns 0 without touching the database for an empty list, but still
validates run_id first, so a malformed run id fails the same way it would
for a non-empty batch rather than being masked by the empty-list shortcut.
opts reaches Repo.query/3. One batch of a national artifact is a single
multi-megabyte unnest insert, which is exactly the shape DBConnection's
fifteen-second default cuts short, so a caller raises :timeout here rather
than on its whole Repo. The insert always forces checkout_retries: 0: after
a disconnect, only the pipeline can safely decide whether to start a new
import attempt rather than repeating an ambiguously completed mutation.

  



  
    
      
    
    
      leaked(context)



        
          
        

    

  


  

      

          @spec leaked(GeoGenius.Context.t()) :: [{Ecto.UUID.t(), String.t()}]


      


Every staging table no run still needs.
A table is leaked when its run has reached a terminal status, and also when
no import_run row carries its id at all. The second case is the one that
cannot be recovered any other way: an earlier version of this function
joined import_run to pg_class, so a table whose run row was gone had
nothing to join to, never appeared here, and mix geo_genius.sweep_staging
could never drop it. The schema down migration refuses to drop a non-empty schema, so
an unreclaimable table eventually blocks an uninstall outright.
The scan therefore starts from pg_class and left-joins import_run.
Candidate names must match staging_ followed by 32 hex characters, and
the run id is read back out of the name, so a table with no run row still
yields the id GeoGenius.Catalog.drop_staging/2 needs. That id is then
round-tripped: a row survives only when staging_table_name(id) reproduces
the table's own name exactly, which keeps PostgreSQL the authority on how a
staging table is named and means nothing whose name this library did not
derive is ever offered up for dropping.
Returns {run_id, table_name} pairs ordered by table name.

  



  
    
      
    
    
      reset(context, run_id, executor_id)



        
          
        

    

  


  

      

          @spec reset(GeoGenius.Context.t(), Ecto.UUID.t(), Ecto.UUID.t()) :: String.t()


      


Empties a run's staging table, creating it if it is not there, and returns
its name.
create/3 alone is CREATE UNLOGGED TABLE IF NOT EXISTS, which is what a
staging pass wants on the second call and not what it wants at the start of
execution. A table can survive an abrupt worker or VM death, or be created
manually before the pipeline starts. Neither case authorizes those rows as
input to a future executor.
So a pass starts from a table that is empty by construction. The table is
dropped rather than truncated, which also resets the identity sequence the
keyset pagination in stream/3 reads through, and leaves nothing of the
previous attempt's shape behind for this one to inherit.
Nothing durable is lost by emptying it: staging is reproducible scratch
space, not attempt evidence or a recovery checkpoint. A corrected retry has
a new run and stages from its own artifact snapshot. What makes that retry
cheap is the artifact cache, which skips the network.

  



    

  
    
      
    
    
      stream(context, run_id, opts \\ [])



        
          
        

    

  


  

      

          @spec stream(GeoGenius.Context.t(), Ecto.UUID.t(), keyword()) :: Enumerable.t()


      


Streams a run's staged rows in insertion order.
Reads through keyset pagination -- WHERE id > $1 ORDER BY id LIMIT $2 --
rather than Ecto.Adapters.SQL.stream/4, which needs an enclosing
transaction. Normalization writes hundreds of thousands of rows through
separate statements after each row is read, and holding one transaction
open for that whole phase would pin a connection and a snapshot for as long
as the slowest phase in the pipeline runs. Each page carries the last row's
id forward as the next page's lower bound rather than an offset, since
OFFSET re-scans and a concurrent insert would shift it.
:batch_size defaults to 1000 and must be a positive
integer -- a batch size of zero would page with LIMIT 0, which always
returns no rows and would silently stream nothing rather than fail.

  



  
    
      
    
    
      table_name(run_id)



        
          
        

    

  


  

      

          @spec table_name(Ecto.UUID.t()) :: String.t()


      


The staging table's name for a run.
Derived from the run's uuid, so the identifier is [0-9a-f_]+ by
construction rather than by escaping. staging_table_name/1 in SQL applies
the same rule; the test asserts the two agree rather than trusting that they
do.

  


        

      


  

    
GeoGenius.Cache behaviour
    



      
Where downloaded and operator-supplied artifacts live between runs.
An import that reruns against the same manifest must not re-download an
artifact whose checksum already matched, and a licensed artifact that no URL
can serve is placed here by an operator before the run starts. Both are the
same lookup, so the cache is checked before the downloader is ever consulted.
A key is a slash-joined path of validated segments. Build one with key/1
rather than by interpolation: the segments come from a manifest, and a
segment carrying a separator or a parent reference would place the file
outside the cache root.

      


      
        Summary


  
    Callbacks
  


    
      
        delete(key, opts)

      


    


    
      
        fetch(key, opts)

      


    


    
      
        path(key, opts)

      


    


    
      
        put(key, source_path, opts)

      


    





  
    Functions
  


    
      
        key(segments)

      


        Joins validated segments into a cache key.



    





      


      
        Callbacks


        


  
    
      
    
    
      delete(key, opts)



        
          
        

    

  


  

      

          @callback delete(key :: String.t(), opts :: keyword()) :: :ok


      



  



  
    
      
    
    
      fetch(key, opts)



        
          
        

    

  


  

      

          @callback fetch(key :: String.t(), opts :: keyword()) :: {:ok, Path.t()} | :miss


      



  



  
    
      
    
    
      path(key, opts)



        
          
        

    

  


  

      

          @callback path(key :: String.t(), opts :: keyword()) :: Path.t()


      



  



  
    
      
    
    
      put(key, source_path, opts)



        
          
        

    

  


  

      

          @callback put(key :: String.t(), source_path :: Path.t(), opts :: keyword()) ::
  {:ok, Path.t()} | {:error, term()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      key(segments)



        
          
        

    

  


  

      

          @spec key([String.t()]) :: String.t()


      


Joins validated segments into a cache key.
Each segment must match ~r/\A[A-Za-z0-9:][A-Za-z0-9.:-]*\z/: alphanumerics, underscore,
colon, dot, and hyphen, starting with something other than a dot. That
excludes the path separator and both . and .., so no manifest value can
make a key that resolves outside the cache root.

  


        

      


  

    
GeoGenius.Command behaviour
    



      
Behaviour for invoking an external executable.
The shapefile provider shells out to ogr2ogr to convert a source file to
the format GeoGenius ingests. available?/2 lets a phase check for that
binary up front rather than discovering its absence mid-run, and run/3
invokes it and reports success or failure without raising: a missing
executable, a non-zero exit, and a zero exit all come back as plain return
values so a pipeline phase can handle every one of them the same way.

      


      
        Summary


  
    Callbacks
  


    
      
        available?(executable, opts)

      


        Reports whether executable can be found on the host's search path.



    


    
      
        run(executable, args, opts)

      


        Runs executable with args and returns its combined output.



    





      


      
        Callbacks


        


  
    
      
    
    
      available?(executable, opts)



        
          
        

    

  


  

      

          @callback available?(executable :: String.t(), opts :: keyword()) :: boolean()


      


Reports whether executable can be found on the host's search path.
Takes the same opts as run/3, so an adapter that wraps or redirects
another one -- GeoGenius.Pipeline.CommandAllowlist does both -- answers a
probe about the same executable run/3 would actually invoke, rather than
about whatever a second resolution path happens to find.

  



  
    
      
    
    
      run(executable, args, opts)



        
          
        

    

  


  

      

          @callback run(executable :: String.t(), args :: [String.t()], opts :: keyword()) ::
  {:ok, output :: String.t()}
  | {:error, {exit_status :: integer(), output :: String.t()}}


      


Runs executable with args and returns its combined output.
Returns {:ok, output} for a zero exit, or {:error, {exit_status, output}}
otherwise. output interleaves stdout and stderr in the order the process
produced them. opts carries adapter-specific options such as :cd for the
working directory.

  


        

      


  

    
GeoGenius.Downloader behaviour
    



      
Behaviour for fetching a remote artifact to a local path.
A downloader only reports what it observed while streaming: how many bytes
arrived and what they hashed to. It never compares that observation against
an expectation drawn from a manifest. record_artifact_observation/5 in
PostgreSQL is where expectation meets observation; keeping the comparison
there, and only there, is what keeps the two from disagreeing.

      


      
        Summary


  
    Callbacks
  


    
      
        available?()

      


        Reports whether this downloader's underlying HTTP client is loaded and
usable. A caller checks this before attempting a fetch so a missing
optional dependency surfaces as a plain error rather than an
UndefinedFunctionError deep inside an import phase.



    


    
      
        fetch(url, destination, opts)

      


        Streams the body at url to destination, hashing it as it arrives.



    





  
    Functions
  


    
      
        hash_file(path)

      


        The SHA-256 and byte count of a file already on disk.



    





      


      
        Callbacks


        


  
    
      
    
    
      available?()



        
          
        

    

  


  

      

          @callback available?() :: boolean()


      


Reports whether this downloader's underlying HTTP client is loaded and
usable. A caller checks this before attempting a fetch so a missing
optional dependency surfaces as a plain error rather than an
UndefinedFunctionError deep inside an import phase.

  



  
    
      
    
    
      fetch(url, destination, opts)



        
          
        

    

  


  

      

          @callback fetch(url :: String.t(), destination :: Path.t(), opts :: keyword()) ::
  {:ok, %{bytes: non_neg_integer(), sha256: String.t()}} | {:error, term()}


      


Streams the body at url to destination, hashing it as it arrives.
Returns {:ok, %{bytes: non_neg_integer(), sha256: String.t()}} describing
what was written, or {:error, term()} if the request failed. A failed
fetch must not leave a partial or corrupt file at destination.

  


        

      

      
        Functions


        


  
    
      
    
    
      hash_file(path)



        
          
        

    

  


  

      

          @spec hash_file(Path.t()) ::
  {:ok, %{bytes: non_neg_integer(), sha256: String.t()}} | {:error, term()}


      


The SHA-256 and byte count of a file already on disk.
A cache hit is verified with this before its observation is recorded, so a
downloaded artifact and a cached one reach record_artifact_observation/5
through the same check. It reads in chunks of 65536 bytes rather
than loading the file, because an artifact is routinely larger than memory.
GeoGenius.Downloaders.Req computes the same digest while streaming and so
never calls this; the two must agree, and the import pipeline's test proves
they do by recording an observation from each path.

  


        

      


  

    
GeoGenius.Notifier behaviour
    



      
Behaviour for delivering import lifecycle events to a host application.
A notifier is called for side effects only: logging, metrics, a webhook, a
PubSub broadcast. It is never consulted for a decision and its return value
is ignored. It must not be able to fail an import: GeoGenius.Pipeline
wraps every notify/3 call so that a notifier which raises or exits has its
event logged at warning level and dropped, and the phase continues
regardless. This behaviour does not itself guarantee that -- a notifier that
raises still raises here -- the guarantee lives entirely in how the pipeline
calls it.
events/0 returns the fixed list of events a host can receive, so a host
notifier can pattern-match exhaustively instead of guarding against an
open-ended atom:
	Event	Payload keys
	:import_started	:run_id, :release_id, :collection_key, :release_key
	:phase_advanced	:run_id, :phase, :metrics
	:import_completed	:run_id, :release_id, :collection_key, :release_key
	:import_failed	:run_id, :phase, :reason
	:release_published	:release_id, :collection_key
	:release_rolled_back	:collection_key, :release_id

GeoGenius.Pipeline emits the first four on every import, and
:release_published when it is asked to publish what it just verified with
publish: true. GeoGenius.publish/2 emits :release_published for an
explicit publication and GeoGenius.rollback/2 emits
:release_rolled_back, each after the write it reports has committed.
A payload key may arrive nil when the write committed but the read that
fills the key did not: :collection_key on :release_published, and
:release_id on :release_rolled_back. The event fires regardless, because
the write it reports happened.

      


      
        Summary


  
    Callbacks
  


    
      
        notify(event, payload, opts)

      


        Delivers one event and its payload to the host.



    





  
    Functions
  


    
      
        events()

      


        The fixed list of events a notifier may receive, in the order documented above.



    





      


      
        Callbacks


        


  
    
      
    
    
      notify(event, payload, opts)



        
          
        

    

  


  

      

          @callback notify(event :: atom(), payload :: map(), opts :: keyword()) :: :ok


      


Delivers one event and its payload to the host.

  


        

      

      
        Functions


        


  
    
      
    
    
      events()



        
          
        

    

  


  

      

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


      


The fixed list of events a notifier may receive, in the order documented above.

  


        

      


  

    
GeoGenius.Provider behaviour
    



      
Behaviour a format adapter implements to bring one kind of source into the catalog.
A provider is called for its parsing, never for a write: stage/5 receives
a file path and an emit function and reports only whether it succeeded;
normalize/2 receives one staged row and returns a described area. Every
write is the pipeline's, made through GeoGenius.Catalog. That is the
contract this behaviour expresses -- callers should not hand a provider a
Repo or a GeoGenius.Context, and a provider that follows this
behaviour never needs one. Elixir has no module-level enforcement of that,
so it is a discipline the pipeline and the tests hold providers to, not a
guarantee this module itself can make.
emit, passed to stage/5, is called with a list of rows rather than a
single row so a provider can batch; the pipeline supplies a function that
writes through GeoGenius.Staging.insert/4 and heartbeats the run. A
provider stages a large artifact in chunks rather than one emit call for
the whole file, both to bound the size of a single insert and because each
emit call is also where the run's lease gets renewed.
stage/5 also takes an opts keyword list, which carries adapter modules
resolved by the pipeline -- [command: ..., work_dir: ...] for a provider
that shells out to convert its source first. The :command a provider is
handed is GeoGenius.Pipeline.CommandAllowlist, which accepts ogr2ogr and
refuses everything else; it reads the adapter it wraps from
:command_target, also in opts, and a provider passing opts through to
command.run/3 unchanged (as GeoGenius.Providers.Shapefile does) carries
that along without needing to know it is there. Resolving an adapter inside a
provider would make it impossible to override per call and would give a
provider a reason to read application environment, which nothing else in
this layer does. A provider that needs neither entry in opts ignores it.
normalize/2 takes no such list: it is pure, so a caller derives an area
from a staged row with no environment and no adapter to substitute.
artifacts/1, relations/1, and asserted_relations/2 have one body
most providers share, so those bodies live here as all_artifacts/1,
always_rebuild/1, and no_asserted_relations/2; a provider implements
the callback with a one-line defdelegate, keeping its own @impl and
@doc. A provider whose relations need none rebuilt, or whose rows carry
a hierarchy in their columns, implements the callback directly instead of
delegating -- GeoGenius.Providers.SimpleMaps does both.
Option vocabulary across providers
Each shipped provider names its manifest options keys for the shape its
format actually carries -- a GeoJSON feature has properties, a CSV row has
columns -- rather than a shared, format-neutral name that would read
wrong on the page for one format or the other. The concepts underneath are
the same one; this table is the one place to learn the correspondence:
	Concept	GeoGenius.Providers.GeoJSON	GeoGenius.Providers.CSV	Default when omitted
	the area's code	"code_property"	"code_column"	required, no default
	the area's area type	"area_type" (shared key)	"area_type" (shared key)	required, no default
	the area's official name	"name_property"	"name_column"	"name"
	alias names	"alias_properties"	"alias_columns"	[]
	free-form attributes	"attribute_properties"	"attribute_columns"	[]
	external codes	"code_properties"	"code_columns"	[]
	authority	"authority" (shared key)	"authority" (shared key)	the manifest's own single authority
	delimiter	n/a	"delimiter"	"," (CSV only)
	parent areas the row implies	"implied_areas" (shared key)	"implied_areas" (shared key)	[]

"implied_areas" is a list of entries, and each entry names its own code
key in the calling provider's suffix: "code_property" under
GeoGenius.Providers.GeoJSON, "code_column" under
GeoGenius.Providers.CSV. An entry also names an "area_type", a "names"
map from code to display name, an optional "authority", and an optional
"relation" defaulting to "contains". A row whose code column carries
"1" under
%{"area_type" => "cluster", "code_property" => "CLUSTER",
  "names" => %{"1" => "Outer Cluster", "2" => "Inner Cluster"}}
implies the area cluster:1 and asserts contains from it to the row's own
area. Both generic providers validate these entries at manifest load through
validate_options/1, so an entry written in the other's vocabulary is
rejected before anything is downloaded. See
GeoGenius.Providers.ImpliedAreas.
GeoGenius.Providers.Shapefile reads the GeoJSON vocabulary, since it
converts its archive before parsing it. GeoGenius.Providers.SimpleMaps is
outside this table: it parses two fixed files and reads their columns by
name. It requires no options, but accepts "non_census_state_area_type" so
the six USPS-only state codes can use a separately declared non-geometric
type while ordinary Census states keep state.
Every string value this vocabulary reads out of a payload -- a code, a
name, an attribute, an external code -- is trimmed before use, and a
whitespace-only value is treated the same as an absent one: see
GeoGenius.Providers.Fields.presence/1. A fixed-width source that pads a
FIPS or ZIP code with spaces would otherwise carry that padding straight
into area_key, a public, stable identifier, and a later re-import of the
same source without the padding would create a second area rather than
updating the first.

      


      
        Summary


  
    Types
  


    
      
        reason()

      


        The failure a provider reports for a file it cannot parse or a manifest option it cannot resolve.



    


    
      
        stage_opts()

      


        The adapters stage/5 may use, resolved by the pipeline rather than read from application environment.



    





  
    Callbacks
  


    
      
        artifacts(manifest)

      


        The artifacts, across a manifest's sources, this provider will stage.



    


    
      
        asserted_relations(manifest, row)

      


        Relation edges this row asserts, which geometry cannot measure.



    


    
      
        normalize(manifest, row)

      


        Describes one staged row as an area, or as several.



    


    
      
        relations(manifest)

      


        Whether the areas this provider stages need parent_area_id relations
rebuilt after normalization.



    


    
      
        required_options()

      


        The manifest options keys this provider requires.



    


    
      
        stage(manifest, artifact, path, emit, opts)

      


        Parses path -- the downloaded or operator-supplied copy of artifact --
and hands each resulting batch of rows to emit.



    


    
      
        validate_manifest(manifest)

      


        Validates relationships between fields of a fully decoded manifest.



    


    
      
        validate_options(options)

      


        Validates the manifest options map as a whole, beyond the presence of the
keys required_options/0 names.



    





  
    Functions
  


    
      
        all_artifacts(manifest)

      


        Every artifact declared across a manifest's sources.



    


    
      
        always_rebuild(manifest)

      


        Always rebuilds relations; the collection carries no hierarchy of its own to preserve.



    


    
      
        no_asserted_relations(manifest, row)

      


        Asserts no relations; the source carries no hierarchy in its columns.



    





      


      
        Types


        


  
    
      
    
    
      reason()



        
          
        

    

  


  

      

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


      


The failure a provider reports for a file it cannot parse or a manifest option it cannot resolve.

  



  
    
      
    
    
      stage_opts()



        
          
        

    

  


  

      

          @type stage_opts() :: [
  command: module(),
  command_target: module(),
  work_dir: Path.t()
]


      


The adapters stage/5 may use, resolved by the pipeline rather than read from application environment.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      artifacts(manifest)



        
          
        

    

  


  

      

          @callback artifacts(manifest :: GeoGenius.Manifest.t()) :: [
  GeoGenius.Manifest.Artifact.t()
]


      


The artifacts, across a manifest's sources, this provider will stage.
The pipeline asks this once per source, with the manifest narrowed to that
one source, so a provider delegating to all_artifacts/1 answers with its
own source's artifacts. A release may name a different provider per source,
and each logical name is staged by the provider of the source that declared
it.

  



  
    
      
    
    
      asserted_relations(manifest, row)



        
          
        

    

  


  

      

          @callback asserted_relations(
  manifest :: GeoGenius.Manifest.t(),
  row :: GeoGenius.Staging.Row.t()
) :: [
  {parent_area_key :: String.t(), child_area_key :: String.t(),
   relation_type :: String.t()}
]


      


Relation edges this row asserts, which geometry cannot measure.
A source that carries its hierarchy in columns -- a county FIPS on every
city row, an admin parent code on every place -- knows edges no overlap
test can derive, and a source with no geometry at all has no other way to
express one. Each edge is {parent_area_key, child_area_key, relation_type}, where relation_type is "contains",
"mostly_contains", or "overlaps".
Both keys are the strings GeoGenius.Provider.Area.key/1 composes. Build
the %GeoGenius.Provider.Area{} an edge names and take its key from there,
rather than joining the three parts by hand: an edge composed a second way
can name a key normalize/2 never produced, and GeoGenius.Catalog.put_relation/4
refuses an area the release does not carry.
Composes with relations/1 rather than replacing it: a provider whose
areas nest spatially may both rebuild measured relations and assert edges
the geometry does not carry. Edges are written after every area exists, so
an edge may reference an area any row emitted, not only its own.
Asserting an edge for a pair relations/1 also rebuilds from geometry
overwrites that measurement: GeoGenius.Catalog.put_relation/4 upserts on
the same (parent_area_id, child_area_id) pair, nulling
intersection_area_m2, parent_coverage, and child_coverage and
replacing the geometry-classified relation_type with the asserted one,
with no warning that a measurement was discarded. A provider returning
:rebuild should assert only pairs geometry cannot derive, keeping the two
sets of edges disjoint.

  



  
    
      
    
    
      normalize(manifest, row)



        
          
        

    

  


  

      

          @callback normalize(manifest :: GeoGenius.Manifest.t(), row :: GeoGenius.Staging.Row.t()) ::
  {:ok, GeoGenius.Provider.Area.t()}
  | {:ok, [GeoGenius.Provider.Area.t()]}
  | :skip
  | {:error, reason()}


      


Describes one staged row as an area, or as several.
Returns :skip for a row that carries no area -- a header, a summary
record, a feature with no usable code -- rather than an error, since that
is an expected shape for some rows rather than a failure.
A list is for a source that denormalises a hierarchy into every row: a
city row that also carries its county and state describes all three, and
returning them together is cheaper and truer than staging the same row
once per level. Areas repeated across rows converge on area_key, so a
provider emits an implied parent from every row that implies it rather
than tracking which it has already emitted.

  



  
    
      
    
    
      relations(manifest)



        
          
        

    

  


  

      

          @callback relations(manifest :: GeoGenius.Manifest.t()) :: :rebuild | :none


      


Whether the areas this provider stages need parent_area_id relations
rebuilt after normalization.
:rebuild for a provider whose areas nest spatially or by code; :none
for a provider whose collection carries no hierarchy.

  



  
    
      
    
    
      required_options()



        
          
        

    

  


  

      

          @callback required_options() :: [String.t()]


      


The manifest options keys this provider requires.
Manifest validation checks that every key named here is present in a
manifest's options map before the manifest is accepted.

  



  
    
      
    
    
      stage(manifest, artifact, path, emit, opts)



        
          
        

    

  


  

      

          @callback stage(
  manifest :: GeoGenius.Manifest.t(),
  artifact :: GeoGenius.Manifest.Artifact.t(),
  path :: Path.t(),
  emit :: ([GeoGenius.Staging.Row.t()] -> :ok),
  opts :: stage_opts()
) :: :ok | {:error, reason()}


      


Parses path -- the downloaded or operator-supplied copy of artifact --
and hands each resulting batch of rows to emit.
opts carries the adapters described above. Returns {:error, reason}
for a file this provider cannot parse; never raises for a malformed file,
only for a defect in the provider itself.

  



  
    
      
    
    
      validate_manifest(manifest)


        (optional)


        
          
        

    

  


  

      

          @callback validate_manifest(manifest :: GeoGenius.Manifest.t()) ::
  :ok | {:error, reason()}


      


Validates relationships between fields of a fully decoded manifest.
Optional. GeoGenius.Manifest calls this after its own structural checks and
validate_options/1, so a provider can enforce a policy spanning options,
area types, authorities, or sources without putting source-specific rules in
the manifest parser. Every provider named by the release or one of its
sources receives the same complete manifest.

  



  
    
      
    
    
      validate_options(options)


        (optional)


        
          
        

    

  


  

      

          @callback validate_options(options :: map()) :: :ok | {:error, reason()}


      


Validates the manifest options map as a whole, beyond the presence of the
keys required_options/0 names.
Optional. A provider that exports it is called at manifest load, once every
required key is known to be present, and an error it returns becomes a
GeoGenius.ManifestError naming the field. That is what makes a malformed
option fail before a release row exists, rather than partway through
normalizing an artifact already downloaded and staged.
This is where a provider checks the options only it understands. The option
vocabulary is per-provider, so the same document can be valid under one
provider and invalid under another: GeoGenius.Providers.GeoJSON reads an
implied_areas entry's code key as "code_property" and
GeoGenius.Providers.CSV reads it as "code_column", and neither accepts
the other's.
A provider still validates what it reads at the point it reads it. A
%GeoGenius.Manifest{} built in Elixir never passes through
GeoGenius.Manifest.from_map/2, so this is a gate on loaded documents, not a
guarantee normalize/2 may rely on.

  


        

      

      
        Functions


        


  
    
      
    
    
      all_artifacts(manifest)



        
          
        

    

  


  

      

          @spec all_artifacts(GeoGenius.Manifest.t()) :: [GeoGenius.Manifest.Artifact.t()]


      


Every artifact declared across a manifest's sources.

  



  
    
      
    
    
      always_rebuild(manifest)



        
          
        

    

  


  

      

          @spec always_rebuild(GeoGenius.Manifest.t()) :: :rebuild


      


Always rebuilds relations; the collection carries no hierarchy of its own to preserve.

  



  
    
      
    
    
      no_asserted_relations(manifest, row)



        
          
        

    

  


  

      

          @spec no_asserted_relations(GeoGenius.Manifest.t(), GeoGenius.Staging.Row.t()) :: []


      


Asserts no relations; the source carries no hierarchy in its columns.

  


        

      


  

    
GeoGenius.Provider.Area 
    



      
The whole vocabulary a provider has for describing one area.
centroid is a %Geo.Point{} or nil. When it is nil and geometry is
present, the pipeline leaves it nil rather than asking PostGIS to derive
one, because put_area_in_release/5 accepts a null centroid.

      


      
        Summary


  
    Types
  


    
      
        attributes()

      


        Free-form, provider-specific attributes carried onto the area as-is.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        key(area)

      


        The catalog key for an area: authority_key, area_type_key and code
joined by :.



    





      


      
        Types


        


  
    
      
    
    
      attributes()



        
          
        

    

  


  

      

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


      


Free-form, provider-specific attributes carried onto the area as-is.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %GeoGenius.Provider.Area{
  area_type_key: String.t(),
  attributes: attributes(),
  authority_key: String.t(),
  centroid: Geo.Point.t() | nil,
  code: String.t(),
  codes: [GeoGenius.Provider.Area.Code.t()],
  geometry: Geo.geometry() | nil,
  names: [GeoGenius.Provider.Area.Name.t()]
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      key(area)



        
          
        

    

  


  

      

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


      


The catalog key for an area: authority_key, area_type_key and code
joined by :.
This is the same composition PostgreSQL stores in area.area_key, which is
what makes the key a provider composes here addressable by every read.
GeoGenius.Provider.asserted_relations/2 returns those keys as strings, so
this is how a provider names the two ends of an edge without re-deriving the
format. An area keyed census, county, 06075 is "census:county:06075".
The agreement between this and the column is pinned by GeoGenius.PipelineTest,
once, rather than per caller.

  


        

      


  

    
GeoGenius.Provider.Area.Code 
    



      
One external code a GeoGenius.Provider.Area carries, such as a FIPS or
GNIS identifier.
code_type is a plain string, not a closed atom like Name.kind -- code
types are open-ended (FIPS, GNIS, ZIP, a source's own postal code, and
whatever the next authority calls its own identifier), so there is no
fixed set to close over. That means a provider that misspells a code type
gets no Dialyzer protection the way a misspelled Name.kind atom would;
a typo here surfaces only as a code nothing queries for, at runtime.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %GeoGenius.Provider.Area.Code{
  code_type: String.t(),
  code_value: String.t()
}


      



  


        

      


  

    
GeoGenius.Provider.Area.Name 
    



      
One name a GeoGenius.Provider.Area carries.
kind is :official, :alias, :mailing, or :abbreviation -- an atom
rather than a bare string, so a provider that misspells it fails to
compile against Dialyzer rather than silently writing a name nothing
queries for. That protection is armed only where a kind value flows into
a spec'd boundary -- Dialyzer checks struct keys against a literal, not
against @type t's field types on every construction -- which is why
every provider's normalize/2 carries an explicit @spec.
GeoGenius.Catalog.put_area_name/5 binds attrs.kind straight into a SQL
parameter. That bind expects a string, not an atom, so the normalization
phase that turns a %GeoGenius.Provider.Area{} into Catalog writes
stringifies kind on the way through: GeoGenius.Pipeline.Normalize is that
seam, and an atom reaching the bind without it surfaces as a Postgrex encode
error rather than a compile-time one.

      


      
        Summary


  
    Types
  


    
      
        kind()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      kind()



        
          
        

    

  


  

      

          @type kind() :: :official | :alias | :mailing | :abbreviation


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %GeoGenius.Provider.Area.Name{
  kind: kind(),
  locale: String.t() | nil,
  name: String.t()
}


      



  


        

      


  

    
GeoGenius.Runner behaviour
    



      
Behaviour for backends that start a claimed import run.
A runner is the thing that decides where GeoGenius.Pipeline.execute/3
actually runs -- in the calling process, in a supervised Task, or handed
to a durable job framework such as PgFlow. It owns none of the run's state:
enqueue/3 starts the work and returns, and the run's progress, status, and
error all live in PostgreSQL -- readable through the catalog regardless of
which backend started it.
No status or await callback. Putting one here would mean one query
implemented once per backend, and would make a run started under one
backend unreadable after the configuration changed -- the exact failure
import_run.runner_backend exists to prevent by recording which backend a
run was claimed under.
A runner must not call GeoGenius.Catalog.fail_import/4. The pipeline
owns the failure path end to end, including the case where its own cleanup
or confirmation read fails after a phase already recorded an outcome.
A runner calling it after the pipeline already finished raises 55000 rather
than recording anything, because fail_import/4 refuses a completed run --
so the call is not a way to report a late failure, only a way to crash the
backend. A backend that definitely refuses the work before acceptance
returns {:error, {:not_enqueued, reason}}. Once acceptance may have
happened, it returns {:error, {:outcome_unknown, reason}} instead. The
import lifecycle caller terminalizes only a definite rejection of a newly
registered or retried attempt.

      


      
        Summary


  
    Types
  


    
      
        args()

      


        Job arguments, JSON-serializable so a durable backend can round-trip them
through storage. Carries :publish and :stale_after_seconds; a backend
reads each with its own reader (publish?/1, stale_after_seconds/1)
rather than Map.get(args, :publish, false), since a backend that decodes
its own JSON hands back %{"publish" => true, "stale_after_seconds" => 300},
not atom keys.



    


    
      
        enqueue_error()

      


        The certainty with which a failed enqueue reports durable acceptance.



    


    
      
        reason()

      


        The reason a backend could not start a run, or could not be resolved.



    





  
    Callbacks
  


    
      
        available?()

      


        Reports whether this backend can accept work right now.



    


    
      
        enqueue(t, run_id, args)

      


        Starts a claimed run.



    


    
      
        name()

      


        The name this backend is recorded under in import_run.runner_backend.



    





  
    Functions
  


    
      
        configured(opts \\ [])

      


        Resolves the runner backend for one call.



    


    
      
        module_for_backend(name)

      


        Resolves a shipped backend's name/0 back to its module.



    


    
      
        publish?(arg1)

      


        Reads :publish out of args, defaulting to false.



    


    
      
        stale_after_seconds(arg1)

      


        Reads :stale_after_seconds out of args, defaulting to nil.



    





      


      
        Types


        


  
    
      
    
    
      args()



        
          
        

    

  


  

      

          @type args() :: %{
  optional(:publish) => boolean(),
  optional(:stale_after_seconds) => pos_integer()
}


      


Job arguments, JSON-serializable so a durable backend can round-trip them
through storage. Carries :publish and :stale_after_seconds; a backend
reads each with its own reader (publish?/1, stale_after_seconds/1)
rather than Map.get(args, :publish, false), since a backend that decodes
its own JSON hands back %{"publish" => true, "stale_after_seconds" => 300},
not atom keys.

  



  
    
      
    
    
      enqueue_error()



        
          
        

    

  


  

      

          @type enqueue_error() :: {:not_enqueued, reason()} | {:outcome_unknown, reason()}


      


The certainty with which a failed enqueue reports durable acceptance.

  



  
    
      
    
    
      reason()



        
          
        

    

  


  

      

          @type reason() :: term()


      


The reason a backend could not start a run, or could not be resolved.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      available?()



        
          
        

    

  


  

      

          @callback available?() :: boolean()


      


Reports whether this backend can accept work right now.

  



  
    
      
    
    
      enqueue(t, run_id, args)



        
          
        

    

  


  

      

          @callback enqueue(GeoGenius.Context.t(), run_id :: Ecto.UUID.t(), args()) ::
  :ok | {:error, enqueue_error()}


      


Starts a claimed run.
Returns :ok when the run's outcome is, or will be, recorded in the
catalog -- including a run that has already failed and recorded that
failure. A definite pre-acceptance refusal returns
{:error, {:not_enqueued, reason}}; an error after durable acceptance may
have happened returns {:error, {:outcome_unknown, reason}}. Never return
an error for a failure the pipeline itself recorded -- Pipeline.execute/3
already wrote it, and the catalog is the only place a caller should look for
it.
For compatibility, GeoGenius.import/1 still interprets the callback's
historical plain {:error, reason} shape as :not_enqueued. That contract
documented a plain error as a definite refusal; new runners should always
return an explicit certainty tuple.

  



  
    
      
    
    
      name()



        
          
        

    

  


  

      

          @callback name() :: String.t()


      


The name this backend is recorded under in import_run.runner_backend.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      configured(opts \\ [])



        
          
        

    

  


  

      

          @spec configured(keyword()) :: module()


      


Resolves the runner backend for one call.
Resolution order: opts[:runner], then config :geo_genius, :runner, then
the first of Runners.Task and Runners.Inline whose available?/0 is
true. PgFlow is intentionally explicit: its finite job deadline is a host
policy for bounded work, not a safe inference merely because a PgFlow
engine happens to be running for unrelated workflows. Pin
GeoGenius.Runners.PgFlow per call or in application configuration after
choosing a deadline suitable for the imported data.
Runners.Task is selected
whenever config :geo_genius, :task_supervisor names anything at all,
even a name that is not currently a live process. Setting that key is a
host committing to Runners.Task, and enqueue/3 already turns a dead
supervisor into a named {:error, {:not_enqueued, reason}} rather than an exit (see
Runners.Task's moduledoc), so selecting it regardless of the configured
name's current liveness surfaces a typo'd or not-yet-started supervisor as
that named error instead of silently falling through to Runners.Inline
and blocking the caller for the length of an import -- the worst available
outcome, and what a merely-configured-but-dead :task_supervisor did
before this exception existed. Runners.Inline is always available, so
the chain always terminates -- a host that installed neither PgFlow nor
configured :task_supervisor still gets a working runner, and with
nothing configured at all Runners.Task is still reached because
GeoGenius.Application starts a Task.Supervisor this package owns and
available?/0 finds it genuinely running.
An explicit opts[:runner] or config :geo_genius, :runner is validated
before it is returned: it must load and implement every GeoGenius.Runner
callback, or this raises ArgumentError naming what is missing, rather
than letting a typo surface as an UndefinedFunctionError several phases
into a run. A module reached through the availability chain is one of this
package's own, already proven to implement the behaviour, so it is not
re-checked.

  



  
    
      
    
    
      module_for_backend(name)



        
          
        

    

  


  

      

          @spec module_for_backend(String.t()) :: {:ok, module()} | {:error, :unknown_backend}


      


Resolves a shipped backend's name/0 back to its module.
Searches only the shipped backends (Runners.PgFlow, Runners.Task,
Runners.Inline). A host's own runner is not resolvable here -- a caller
that stamps import_run.runner_backend with a host runner's name is
responsible for resolving that name back to a module itself.
A backend that has not loaded -- Runners.PgFlow before its optional
dependency is installed -- is treated as unknown rather than probed, since
calling name/0 on it would raise.

  



  
    
      
    
    
      publish?(arg1)



        
          
        

    

  


  

      

          @spec publish?(args() | map()) :: boolean()


      


Reads :publish out of args, defaulting to false.
Accepts both %{publish: boolean()} and %{"publish" => boolean()}, so a
backend that round-trips args through its own JSON decoder -- handing
back string keys -- still resolves the flag a caller actually set, rather
than silently treating every job as publish: false.

  



  
    
      
    
    
      stale_after_seconds(arg1)



        
          
        

    

  


  

      

          @spec stale_after_seconds(args() | map()) :: pos_integer() | nil


      


Reads :stale_after_seconds out of args, defaulting to nil.
Accepts both %{stale_after_seconds: n} and %{"stale_after_seconds" => n},
the same round-trip publish?/1 handles. nil tells the caller no window
was carried -- GeoGenius.Pipeline falls back to its own default rather
than treating nil as a zero-second window.

  


        

      


  

    
GeoGenius.Store behaviour
    



      
The contract every catalog read goes through.
A store issues one call to a shipped SQL function per read and maps the rows.
It adds no filtering, ordering, or limiting of its own: those belong to the
SQL API, where they are already specified and tested.

      


      
        Summary


  
    Types
  


    
      
        numeric()

      


        A coordinate or a radius in metres.



    


    
      
        seeds()

      


        The plural reads' seeds: many area keys, or many code values.



    





  
    Callbacks
  


    
      
        ancestors_of(t, t, keyword)

      


    


    
      
        ancestors_of_many(t, seeds, keyword)

      


    


    
      
        areas_by_code(t, t, t, keyword)

      


    


    
      
        areas_by_code_many(t, t, seeds, keyword)

      


    


    
      
        areas_for_geometry(t, geometry, keyword)

      


    


    
      
        areas_for_point(t, numeric, numeric, keyword)

      


    


    
      
        areas_near(t, numeric, numeric, numeric, keyword)

      


    


    
      
        children_of(t, t, keyword)

      


    


    
      
        children_of_many(t, seeds, keyword)

      


    


    
      
        related_areas(t, t, keyword)

      


    


    
      
        related_areas_many(t, seeds, keyword)

      


    


    
      
        release_at(t, t, keyword)

      


    


    
      
        resolve(t, map, keyword)

      


    


    
      
        search_areas(t, t, keyword)

      


    





  
    Functions
  


    
      
        configured(opts \\ [])

      


        The store this host configured, or the shipped default.



    


    
      
        module_for_backend(backend)

      


        Resolves a backend name to its module.



    





      


      
        Types


        


  
    
      
    
    
      numeric()



        
          
        

    

  


  

      

          @type numeric() :: number() | Decimal.t()


      


A coordinate or a radius in metres.
These bind as double precision, and a host holds one in whatever shape it
read: a float, an integer for a whole-degree coordinate, or the %Decimal{}
Ecto loads from a numeric column. All three are accepted.

  



  
    
      
    
    
      seeds()



        
          
        

    

  


  

      

          @type seeds() :: [String.t()]


      


The plural reads' seeds: many area keys, or many code values.
Each returned GeoGenius.SeededMatch carries the seed it came from, and a
seed that matched nothing contributes no row.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      ancestors_of(t, t, keyword)



        
          
        

    

  


  

      

          @callback ancestors_of(GeoGenius.Context.t(), String.t(), keyword()) :: [
  GeoGenius.AreaMatch.t()
]


      



  



  
    
      
    
    
      ancestors_of_many(t, seeds, keyword)



        
          
        

    

  


  

      

          @callback ancestors_of_many(GeoGenius.Context.t(), seeds(), keyword()) :: [
  GeoGenius.SeededMatch.t()
]


      



  



  
    
      
    
    
      areas_by_code(t, t, t, keyword)



        
          
        

    

  


  

      

          @callback areas_by_code(GeoGenius.Context.t(), String.t(), String.t(), keyword()) :: [
  GeoGenius.AreaMatch.t()
]


      



  



  
    
      
    
    
      areas_by_code_many(t, t, seeds, keyword)



        
          
        

    

  


  

      

          @callback areas_by_code_many(GeoGenius.Context.t(), String.t(), seeds(), keyword()) :: [
  GeoGenius.SeededMatch.t()
]


      



  



  
    
      
    
    
      areas_for_geometry(t, geometry, keyword)



        
          
        

    

  


  

      

          @callback areas_for_geometry(GeoGenius.Context.t(), Geo.geometry(), keyword()) :: [
  GeoGenius.AreaMatch.t()
]


      



  



  
    
      
    
    
      areas_for_point(t, numeric, numeric, keyword)



        
          
        

    

  


  

      

          @callback areas_for_point(GeoGenius.Context.t(), numeric(), numeric(), keyword()) :: [
  GeoGenius.AreaMatch.t()
]


      



  



  
    
      
    
    
      areas_near(t, numeric, numeric, numeric, keyword)



        
          
        

    

  


  

      

          @callback areas_near(GeoGenius.Context.t(), numeric(), numeric(), numeric(), keyword()) ::
  [
    GeoGenius.AreaMatch.t()
  ]


      



  



  
    
      
    
    
      children_of(t, t, keyword)



        
          
        

    

  


  

      

          @callback children_of(GeoGenius.Context.t(), String.t(), keyword()) :: [
  GeoGenius.AreaMatch.t()
]


      



  



  
    
      
    
    
      children_of_many(t, seeds, keyword)



        
          
        

    

  


  

      

          @callback children_of_many(GeoGenius.Context.t(), seeds(), keyword()) :: [
  GeoGenius.SeededMatch.t()
]


      



  



  
    
      
    
    
      related_areas(t, t, keyword)



        
          
        

    

  


  

      

          @callback related_areas(GeoGenius.Context.t(), String.t(), keyword()) :: [
  GeoGenius.AreaMatch.t()
]


      



  



  
    
      
    
    
      related_areas_many(t, seeds, keyword)



        
          
        

    

  


  

      

          @callback related_areas_many(GeoGenius.Context.t(), seeds(), keyword()) :: [
  GeoGenius.SeededMatch.t()
]


      



  



  
    
      
    
    
      release_at(t, t, keyword)



        
          
        

    

  


  

      

          @callback release_at(GeoGenius.Context.t(), DateTime.t(), keyword()) ::
  Ecto.UUID.t() | nil


      



  



  
    
      
    
    
      resolve(t, map, keyword)



        
          
        

    

  


  

      

          @callback resolve(GeoGenius.Context.t(), map(), keyword()) :: [GeoGenius.AreaMatch.t()]


      



  



  
    
      
    
    
      search_areas(t, t, keyword)



        
          
        

    

  


  

      

          @callback search_areas(GeoGenius.Context.t(), String.t(), keyword()) :: [
  GeoGenius.AreaMatch.t()
]


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      configured(opts \\ [])



        
          
        

    

  


  

      

          @spec configured(keyword()) :: module()


      


The store this host configured, or the shipped default.

  



  
    
      
    
    
      module_for_backend(backend)



        
          
        

    

  


  

      

          @spec module_for_backend(String.t()) :: {:ok, module()} | {:error, :unknown_backend}


      


Resolves a backend name to its module.

  


        

      


  

    
GeoGenius.Caches.FileSystem 
    



      
The shipped GeoGenius.Cache: artifacts stored as plain files under one
root directory.
The root is opts[:cache_dir], then config :geo_genius, :cache_dir, then
a geo_genius directory under the system temp directory. A key becomes a
path by joining its segments onto the root; path/2 refuses a key whose
segments would resolve outside that root, both by rejecting an invalid
segment before any joining happens and by checking the joined, expanded
path still starts with the expanded root.

      


      
        Summary


  
    Functions
  


    
      
        delete(key, opts)

      


        Removes the file stored under key, if any. Removing a missing key is not an error.



    


    
      
        put(key, source_path, opts)

      


        Copies source_path into the cache under key.



    





      


      
        Functions


        


  
    
      
    
    
      delete(key, opts)



        
          
        

    

  


  

      

          @spec delete(String.t(), keyword()) :: :ok


      


Removes the file stored under key, if any. Removing a missing key is not an error.

  



  
    
      
    
    
      put(key, source_path, opts)



        
          
        

    

  


  

      

          @spec put(String.t(), Path.t(), keyword()) :: {:ok, Path.t()} | {:error, term()}


      


Copies source_path into the cache under key.
The copy lands at a .part.<unique> sibling of the final path first and is
renamed onto the final path only once it is complete, so a copy interrupted
midway never leaves a truncated file for fetch/2 to report as a hit. The
unique suffix gives every call its own staging file, so two concurrent
put/3 calls for the same key -- two manifest sources sharing a
cache_key, or a parallel runner -- never truncate each other's copy under
them. The source is copied, not moved or renamed: the caller may still need
it after the cache has its own copy. On failure the staging file is removed
before the error is returned, so a copy that fails partway (an out-of-space
disk, for instance) leaves nothing behind in the cache root.

  


        

      


  

    
GeoGenius.Commands.System 
    



      
Runs external executables via System.cmd/3.
available?/2 reports whether the executable can be found on the search
path; its options are ignored, since nothing about a search-path probe
depends on them. run/3 always merges stdout and stderr into one stream -- a caller
cannot opt out by passing stderr_to_stdout: false, because the behaviour
promises one interleaved output and a host that wants the streams kept
apart supplies its own GeoGenius.Command instead.
run/3 never raises. System.cmd/3 raises ErlangError when the
executable cannot be found or cannot be executed at all -- the process
never starts, so there is no {output, status} pair to report. This
rescues that and reports the shell's own conventions for the two cases
that matter to a pipeline: 127 for "command not found" (:enoent) and 126
for "found but not executable" (:eacces). A working directory that does
not exist is checked before System.cmd/3 runs at all, because the OS
failure that would otherwise produce is a bare non-zero status with no
output naming what went missing.

      




  

    
GeoGenius.Downloaders.Req 
    



      
Streams an artifact to disk with Req, hashing as it goes.
Req is an optional dependency: a host whose artifacts are all
operator-supplied never downloads anything and need not install it.
available?/0 reports whether it is loaded, and fetch/3 says so plainly
rather than raising UndefinedFunctionError deep inside a phase.
The body is written to destination <> ".part" as it streams and renamed
onto destination only once a 200 response has fully arrived. Any other
status, a transport failure, a raised exception, or an exit/throw
removes the partial file and leaves destination untouched.
Req-level retries are fixed off and cannot be re-enabled through opts. The
destination file handle is opened once and written to as chunks arrive; a
Req-level retry re-enters the adapter with a fresh response, so the hash
state and byte count carried on that response reset while the handle keeps
appending. The result is a file containing both attempts concatenated
together, with a reported sha256/bytes covering only the last one:
corruption that passes checksum verification.
Rate limiting is retried here instead, from the top and over a fresh handle.
A 429 or 503 response closes the handle, removes the partial file, waits,
and starts the request again, up to opts[:max_attempts] times (default
5). The wait honors a Retry-After header given in
seconds and otherwise doubles from 1000 ms per attempt, capped
at 60000 ms. Any other non-200 status is final. opts[:sleep]
replaces Process.sleep/1 for tests.

      




  

    
GeoGenius.Notifiers.Noop 
    



      
The shipped notifier for a host that has not configured one of its own.
Accepts every event GeoGenius.Notifier.events/0 names and does nothing
with any of them.

      




  

    
GeoGenius.Providers.CSV 
    



      
Provider for a single delimited-text artifact with a header row.
One data row becomes one staged row: payload is a map keyed by header
name, every value a string, and geom is a %Geo.Point{} built from
lon_column/lat_column when both are configured and the row's cells for
them are non-empty, or nil otherwise. A CSV source carries no polygons --
a collection of postal codes with centroids and no boundaries is a
first-class catalog, not a degraded one. normalize/2 reads the code and
names out of payload using the manifest's options, so the same module
serves any collection whose columns name their code and display name
differently.
required_options/0 requires "area_type" and "code_column". The
remaining options keys are optional:
	"name_column" -- defaults to "name".
	"authority" -- defaults to the manifest's own authority, when it
declares exactly one.
	"lon_column" and "lat_column" -- both required together to build a
centroid; neither alone.
	"attribute_columns" -- a list; defaults to [].
	"alias_columns" -- a list; defaults to [].
	"code_columns" -- a list of %{"type" => ..., "column" => ...};
defaults to [].
	"delimiter" -- one of ",", "\t", ";", "|"; defaults to ",".

See the option-vocabulary table in GeoGenius.Provider's moduledoc for how
these correspond to GeoGenius.Providers.GeoJSON's own option keys.

      


      
        Summary


  
    Functions
  


    
      
        artifacts(manifest)

      


        Every artifact declared across the manifest's sources; a CSV collection's artifacts are all delimited text.



    


    
      
        asserted_relations(manifest, row)

      


        Asserts an edge from each area the row implies to the row's own area.



    


    
      
        normalize(manifest, row)

      


        Reads the code and names out of the staged row's payload, using the manifest's options.



    


    
      
        relations(manifest)

      


        CSV areas carry no hierarchy of their own; relations are always rebuilt.



    


    
      
        required_options()

      


        Requires area_type and code_column in the manifest's options.



    


    
      
        stage(manifest, artifact, path, emit, opts)

      


        Reads path as delimited text and emits its data rows in chunks of 1000 rows.



    


    
      
        validate_options(options)

      


        Validates the manifest's implied_areas entries, whose code key is code_column.



    





      


      
        Functions


        


  
    
      
    
    
      artifacts(manifest)



        
          
        

    

  


  

      

          @spec artifacts(GeoGenius.Manifest.t()) :: [GeoGenius.Manifest.Artifact.t()]


      


Every artifact declared across the manifest's sources; a CSV collection's artifacts are all delimited text.

  



  
    
      
    
    
      asserted_relations(manifest, row)



        
          
        

    

  


  

      

          @spec asserted_relations(GeoGenius.Manifest.t(), GeoGenius.Staging.Row.t()) :: [
  {String.t(), String.t(), String.t()}
]


      


Asserts an edge from each area the row implies to the row's own area.

  



  
    
      
    
    
      normalize(manifest, row)



        
          
        

    

  


  

      

          @spec normalize(GeoGenius.Manifest.t(), GeoGenius.Staging.Row.t()) ::
  {:ok, GeoGenius.Provider.Area.t()}
  | {:ok, [GeoGenius.Provider.Area.t()]}
  | :skip
  | {:error, String.t()}


      


Reads the code and names out of the staged row's payload, using the manifest's options.

  



  
    
      
    
    
      relations(manifest)



        
          
        

    

  


  

      

          @spec relations(GeoGenius.Manifest.t()) :: :rebuild


      


CSV areas carry no hierarchy of their own; relations are always rebuilt.

  



  
    
      
    
    
      required_options()



        
          
        

    

  


  

      

          @spec required_options() :: [String.t()]


      


Requires area_type and code_column in the manifest's options.

  



  
    
      
    
    
      stage(manifest, artifact, path, emit, opts)



        
          
        

    

  


  

      

          @spec stage(
  GeoGenius.Manifest.t(),
  GeoGenius.Manifest.Artifact.t(),
  Path.t(),
  ([GeoGenius.Staging.Row.t()] -> :ok),
  GeoGenius.Provider.stage_opts()
) :: :ok | {:error, GeoGenius.Provider.reason()}


      


Reads path as delimited text and emits its data rows in chunks of 1000 rows.

  



  
    
      
    
    
      validate_options(options)



        
          
        

    

  


  

      

          @spec validate_options(map()) :: :ok | {:error, String.t()}


      


Validates the manifest's implied_areas entries, whose code key is code_column.

  


        

      


  

    
GeoGenius.Providers.GeoJSON 
    



      
Provider for a single GeoJSON FeatureCollection artifact.
One feature becomes one staged row: payload is the feature's
"properties" map, geom is its decoded geometry or nil for a feature
that carries none. normalize/2 reads the code and name out of payload
using the manifest's options, so the same module serves any collection
whose properties name their code and display name differently.
required_options/0 requires "area_type" and "code_property". The
remaining options keys are optional:
	"name_property" -- defaults to "name".
	"authority" -- defaults to the manifest's own authority, when it
declares exactly one.
	"attribute_properties" -- a list; defaults to [].
	"alias_properties" -- a list; defaults to [].
	"code_properties" -- a list of %{"type" => ..., "property" => ...};
defaults to [].

See the option-vocabulary table in GeoGenius.Provider's moduledoc for how
these correspond to GeoGenius.Providers.CSV's own option keys.

      


      
        Summary


  
    Functions
  


    
      
        artifacts(manifest)

      


        Every artifact declared across the manifest's sources; a GeoJSON collection's artifacts are all GeoJSON.



    


    
      
        asserted_relations(manifest, row)

      


        Asserts an edge from each area the row implies to the row's own area.



    


    
      
        normalize(manifest, row)

      


        Reads the code and name out of the staged row's payload, using the manifest's options.



    


    
      
        relations(manifest)

      


        GeoJSON areas carry no hierarchy of their own; relations are always rebuilt.



    


    
      
        required_options()

      


        Requires area_type and code_property in the manifest's options.



    


    
      
        stage(manifest, artifact, path, emit, opts)

      


        Reads path as a GeoJSON FeatureCollection and emits its features in
chunks of 1000 rows.



    


    
      
        validate_options(options)

      


        Validates the manifest's implied_areas entries, whose code key is code_property.



    





      


      
        Functions


        


  
    
      
    
    
      artifacts(manifest)



        
          
        

    

  


  

      

          @spec artifacts(GeoGenius.Manifest.t()) :: [GeoGenius.Manifest.Artifact.t()]


      


Every artifact declared across the manifest's sources; a GeoJSON collection's artifacts are all GeoJSON.

  



  
    
      
    
    
      asserted_relations(manifest, row)



        
          
        

    

  


  

      

          @spec asserted_relations(GeoGenius.Manifest.t(), GeoGenius.Staging.Row.t()) :: [
  {String.t(), String.t(), String.t()}
]


      


Asserts an edge from each area the row implies to the row's own area.

  



  
    
      
    
    
      normalize(manifest, row)



        
          
        

    

  


  

      

          @spec normalize(GeoGenius.Manifest.t(), GeoGenius.Staging.Row.t()) ::
  {:ok, GeoGenius.Provider.Area.t()}
  | {:ok, [GeoGenius.Provider.Area.t()]}
  | :skip
  | {:error, String.t()}


      


Reads the code and name out of the staged row's payload, using the manifest's options.

  



  
    
      
    
    
      relations(manifest)



        
          
        

    

  


  

      

          @spec relations(GeoGenius.Manifest.t()) :: :rebuild


      


GeoJSON areas carry no hierarchy of their own; relations are always rebuilt.

  



  
    
      
    
    
      required_options()



        
          
        

    

  


  

      

          @spec required_options() :: [String.t()]


      


Requires area_type and code_property in the manifest's options.

  



  
    
      
    
    
      stage(manifest, artifact, path, emit, opts)



        
          
        

    

  


  

      

          @spec stage(
  GeoGenius.Manifest.t(),
  GeoGenius.Manifest.Artifact.t(),
  Path.t(),
  ([GeoGenius.Staging.Row.t()] -> :ok),
  GeoGenius.Provider.stage_opts()
) :: :ok | {:error, GeoGenius.Provider.reason()}


      


Reads path as a GeoJSON FeatureCollection and emits its features in
chunks of 1000 rows.

  



  
    
      
    
    
      validate_options(options)



        
          
        

    

  


  

      

          @spec validate_options(map()) :: :ok | {:error, String.t()}


      


Validates the manifest's implied_areas entries, whose code key is code_property.

  


        

      


  

    
GeoGenius.Providers.GeoJSONSequence 
    



      
Streams newline- or RFC 8142 record-separator-delimited GeoJSON Features.
Each non-blank record is decoded and staged independently. Rows accumulate
only until :emit_batch_size (500 by default), then the provided emit
function receives that batch before the reader advances through the file.

      




  

    
GeoGenius.Providers.Shapefile 
    



      
Provider for a shapefile archive.
A shapefile is several sibling files (.shp, .dbf, .shx, and usually
.prj) that must travel together, so the artifact this provider stages is
a zip archive rather than a single file. stage/5:
	Unzips the archive into a private subdirectory of opts[:work_dir]
with :zip.unzip/2 from OTP -- no dependency, since the archive
format is fixed.
	Finds exactly one .shp member. Zero is an error naming the archive;
more than one is an error naming both, because picking one silently
would publish half a dataset.
	Converts it with the configured GeoGenius.Command adapter:
ogr2ogr -f GeoJSONSeq -t_srs EPSG:4326 -lco RS=NO <out.geojsonl> <in.shp>. The
-t_srs flag is not optional: a shapefile in a projected coordinate
system would otherwise stage coordinates in metres that PostGIS
accepts as degrees -- geometry that is silently, plausibly wrong
rather than obviously broken.
	Delegates the parse of the converted sequence to the GeoJSON Sequence
provider's staging implementation.

normalize/2, required_options/0, artifacts/1,
relations/1, and asserted_relations/2 all delegate to
GeoGenius.Providers.GeoJSON unchanged: a converted shapefile is a sequence
of GeoJSON Feature records by the time anything downstream of ogr2ogr
sees it, so the manifest options a release names are the same ones
GeoGenius.Providers.GeoJSON reads.
This is the only shipped provider that needs GDAL installed -- a host
publishing GeoJSON or CSV collections never installs it. available?/2 on
the configured GeoGenius.Command is checked before ogr2ogr runs, so a
host missing GDAL gets a named error rather than a raised exception or a
bare non-zero exit.
This module ships in place of the module name Providers.Census used
elsewhere: what a Census-specific provider would actually contain is this
format reader plus a vendor's file-naming and code conventions, and the
second half is vendor knowledge a host-neutral catalog library has no
business carrying. Shipping the format half means a Census release is an
ordinary manifest naming "shapefile" with Census column names in its
options, and a release from any other authority that ships shapefiles is
another one.
Working directory. opts[:work_dir] is resolved once per pipeline run
and may be shared across every artifact in a manifest -- a downloaded
archive can already be sitting in it, and another shapefile artifact in
the same release may extract into it around the same time. This provider
never removes work_dir itself: it creates its own uniquely-named
subdirectory under it (System.unique_integer/1-suffixed, the shape used
elsewhere in this codebase) to unzip and convert into, and removes only
that subdirectory when the call returns. stage/5 is eager -- emit has
already run by the time this function returns -- so nothing outside the
call needs the extracted or converted files afterward, and cleanup runs on
both the success and error paths. Cleanup does not run if the process is
killed by an exit signal rather than returning or raising; the default
work_dir lives under System.tmp_dir!/0, so the OS reaps it regardless.
Member matching is case-sensitive and unfiltered by path.
TERRITORIES.SHP in an archive is read as "no .shp member", and an
archive zipped by macOS that carries __MACOSX/._territories.shp
alongside the real member is read as "more than one .shp member". Both
fail loudly with a named error rather than silently choosing wrong, so
this is a limit to know about, not a defect to route around silently.
Streaming conversion. -f GeoJSONSeq -lco RS=NO writes one Feature per
newline. The GeoJSON Sequence provider reads and emits the resulting
sequence in bounded batches, so this provider never retains the converted
dataset as a whole document.

      


      
        Summary


  
    Functions
  


    
      
        artifacts(manifest)

      


        Delegates to GeoGenius.Providers.GeoJSON.artifacts/1: every artifact declared across the manifest's sources, all of them shapefile archives.



    


    
      
        asserted_relations(manifest, row)

      


        Delegates to GeoGenius.Providers.GeoJSON.asserted_relations/2: a converted shapefile carries no hierarchy in its columns beyond what its geometry already expresses.



    


    
      
        normalize(manifest, row)

      


        Delegates to GeoGenius.Providers.GeoJSON.normalize/2: a converted shapefile's staged rows carry the same shape as a GeoJSON feature's.



    


    
      
        relations(manifest)

      


        Delegates to GeoGenius.Providers.GeoJSON.relations/1: a converted shapefile's areas carry no hierarchy of their own; relations are always rebuilt.



    


    
      
        required_options()

      


        Delegates to GeoGenius.Providers.GeoJSON.required_options/0: the manifest options a shapefile release names are read from the converted GeoJSON document.



    


    
      
        stage(manifest, artifact, path, emit, opts)

      


        Unzips path into a private subdirectory of opts[:work_dir], converts
its single .shp member to GeoJSON Sequence with ogr2ogr, and delegates
the parse to the GeoJSON Sequence provider's staging implementation.



    


    
      
        validate_options(options)

      


        Delegates to GeoGenius.Providers.GeoJSON.validate_options/1: a shapefile release names its options in the converted GeoJSON document's vocabulary.



    





      


      
        Functions


        


  
    
      
    
    
      artifacts(manifest)



        
          
        

    

  


  

      

          @spec artifacts(GeoGenius.Manifest.t()) :: [GeoGenius.Manifest.Artifact.t()]


      


Delegates to GeoGenius.Providers.GeoJSON.artifacts/1: every artifact declared across the manifest's sources, all of them shapefile archives.

  



  
    
      
    
    
      asserted_relations(manifest, row)



        
          
        

    

  


  

      

          @spec asserted_relations(GeoGenius.Manifest.t(), GeoGenius.Staging.Row.t()) :: []


      


Delegates to GeoGenius.Providers.GeoJSON.asserted_relations/2: a converted shapefile carries no hierarchy in its columns beyond what its geometry already expresses.

  



  
    
      
    
    
      normalize(manifest, row)



        
          
        

    

  


  

      

          @spec normalize(GeoGenius.Manifest.t(), GeoGenius.Staging.Row.t()) ::
  {:ok, GeoGenius.Provider.Area.t()}
  | :skip
  | {:error, GeoGenius.Provider.reason()}


      


Delegates to GeoGenius.Providers.GeoJSON.normalize/2: a converted shapefile's staged rows carry the same shape as a GeoJSON feature's.

  



  
    
      
    
    
      relations(manifest)



        
          
        

    

  


  

      

          @spec relations(GeoGenius.Manifest.t()) :: :rebuild | :none


      


Delegates to GeoGenius.Providers.GeoJSON.relations/1: a converted shapefile's areas carry no hierarchy of their own; relations are always rebuilt.

  



  
    
      
    
    
      required_options()



        
          
        

    

  


  

      

          @spec required_options() :: [String.t()]


      


Delegates to GeoGenius.Providers.GeoJSON.required_options/0: the manifest options a shapefile release names are read from the converted GeoJSON document.

  



  
    
      
    
    
      stage(manifest, artifact, path, emit, opts)



        
          
        

    

  


  

      

          @spec stage(
  GeoGenius.Manifest.t(),
  GeoGenius.Manifest.Artifact.t(),
  Path.t(),
  ([GeoGenius.Staging.Row.t()] -> :ok),
  GeoGenius.Provider.stage_opts()
) :: :ok | {:error, GeoGenius.Provider.reason()}


      


Unzips path into a private subdirectory of opts[:work_dir], converts
its single .shp member to GeoJSON Sequence with ogr2ogr, and delegates
the parse to the GeoJSON Sequence provider's staging implementation.
The subdirectory this call creates is removed once the call returns,
whether it succeeds or fails; opts[:work_dir] itself, and anything else
already in it, is left untouched.

  



  
    
      
    
    
      validate_options(options)



        
          
        

    

  


  

      

          @spec validate_options(map()) :: :ok | {:error, String.t()}


      


Delegates to GeoGenius.Providers.GeoJSON.validate_options/1: a shapefile release names its options in the converted GeoJSON document's vocabulary.

  


        

      


  

    
GeoGenius.Runners.Inline 
    



      
Runs an import in the calling process.
This is the honest default for a host with a small catalog and no job
framework installed: enqueue/3 does not return until
GeoGenius.Pipeline.execute/3 has finished, so by the time it does, the
run's outcome is already durable in PostgreSQL.
Ships in place of the plan's Runners.Test, because this is not a
test-only module -- it is the backend a host without PgFlow or a
Task.Supervisor actually runs imports under.

      


      
        Summary


  
    Functions
  


    
      
        available?()

      


        Always true: running in the calling process needs no configuration.



    


    
      
        enqueue(context, run_id, args)

      


        Runs the import synchronously and returns once it has finished.



    


    
      
        name()

      


        Returns "inline".



    





      


      
        Functions


        


  
    
      
    
    
      available?()



        
          
        

    

  


  

      

          @spec available?() :: boolean()


      


Always true: running in the calling process needs no configuration.

  



  
    
      
    
    
      enqueue(context, run_id, args)



        
          
        

    

  


  

      

          @spec enqueue(GeoGenius.Context.t(), Ecto.UUID.t(), GeoGenius.Runner.args()) ::
  :ok | {:error, GeoGenius.Runner.enqueue_error()}


      


Runs the import synchronously and returns once it has finished.
Returns :ok for both an import that completed and one that ran and
recorded a failure -- either outcome is durably in the catalog, and a
caller reads it back from there rather than from this return value.
Returns {:error, {:not_enqueued, reason}} only when the pipeline reports
:not_started. A missing durable outcome after executor claim returns
{:error, {:outcome_unknown, reason}}, because the import may have mutated
its candidate even though its final state could not be confirmed.

  



  
    
      
    
    
      name()



        
          
        

    

  


  

      

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


      


Returns "inline".

  


        

      


  

    
GeoGenius.Runners.PgFlow 
    



      
Runs an import as a durable PgFlow background job.
pgflow ~> 0.7.0 is an optional dependency. It establishes
compile order when a host opts into PgFlow, so PgFlow.Job is available
before this file conditionally defines GeoGenius.Runners.PgFlow.Job.
Hosts that do not install PgFlow do not receive it or compile the job.
PgFlow's dashboard code also compiles against its optional Phoenix,
Phoenix LiveView, and LiveFilter packages when those packages are present.
GeoGenius declares matching optional edges so its own integration build can
exercise the real job module once that build supplies its job deadline. A
host using a PgFlow release that compiles those dashboard modules
unconditionally must opt into those packages too; they are not made
mandatory by GeoGenius.
The job is a single-step definition (@job queue: :geo_genius_import)
whose perform :execute block calls GeoGenius.Pipeline.execute/3 through
run/2, job_context/2, job_input_opts/1, and job_outcome/2 below.
available?/0 reports whether the PgFlow engine is present, and enqueue/3
verifies the host obligations required to accept this particular job. The
engine probe takes three things, all checked at runtime
rather than assumed from configuration:
	pgflow itself is loaded;
	GeoGenius.Runners.PgFlow.Job -- this project's own submodule, not
pgflow's -- is loaded too;
	PgFlow.Supervisor -- the process PgFlow's own supervision tree
registers itself under once {PgFlow, repo: ..., jobs: [...]} has
actually started -- is running.

Before enqueueing, the runner also verifies that the job's flow was compiled
into PgFlow's catalog and that at least one healthy worker is polling its
queue. A half-wired PgFlow host therefore fails immediately with the exact
setup remedy instead of raising a database error or leaving an import queued
until a distant await timeout.
A host that satisfies the first two but never started that supervisor
gets the same "unavailable" answer as a host that never added pgflow at
all, exactly as GeoGenius.Runners.Task treats a configured but dead
Task.Supervisor name.
enqueue/3 hands GeoGenius.Runners.PgFlow.Job a JSON-serializable
input: run_id, publish, stale_after_seconds, and prefix. It never
sends repo. A durable job outlives the process that enqueued it, so its
handler uses the Repo in the %PgFlow.Context{} supplied by the worker
instead of reviving a module atom decoded out of storage or resolving a
second application-global Repo. Before enqueueing, this runner verifies
that the operation's Repo is the same Repo PgFlow is configured to use.
prefix carries no code-execution risk -- it is a validated string -- so
it travels through the job input unchanged.
PgFlow's @job timeout: is compile-time definition data, not a per-enqueue
option. GeoGenius therefore does not choose a universal deadline for work
whose size it cannot know. A host opting into this runner must set a
positive config :geo_genius, :pgflow_job_timeout_seconds before compiling
GeoGenius, then compile and migrate the job definition. Each import must
also carry an explicit :stale_after_seconds smaller than that deadline.
That relation is a necessary safety floor, not an estimate of total import
duration; the host remains responsible for choosing a job deadline that
covers its complete workload.
A host that installs pgflow wires this up once:
	Add {:pgflow, "~> 0.7.0"} to mix.exs.
For PgFlow releases whose dashboard compiles unconditionally, also add
:phoenix, :phoenix_live_view, and :livefilter at PgFlow's
supported versions.
	Set config :geo_genius, pgflow_job_timeout_seconds: seconds at compile
time, choosing a deadline for the host's bounded workload.
	Compile the job into the database with mix pgflow.gen.job_migration GeoGenius.Runners.PgFlow.Job followed by mix ecto.migrate.
	Start {PgFlow, repo: MyApp.Repo, jobs: [GeoGenius.Runners.PgFlow.Job]}
under its own supervision tree.


      


      
        Summary


  
    Functions
  


    
      
        available?()

      


        Reports whether pgflow, this project's own Job submodule, and a
running PgFlow.Supervisor are all present right now.



    


    
      
        enqueue(context, run_id, args)

      


        Enqueues the import as a PgFlow job and returns once PgFlow has durably
queued it. Before writing the job, verifies that its flow is compiled and a
healthy worker is polling the queue.



    


    
      
        job_context(input, repo)

      


        Rebuilds the Context a job runs under, from its decoded input.



    


    
      
        job_input_opts(input)

      


        Builds the Pipeline.execute/3 opts a job runs with, from its decoded input.



    


    
      
        job_outcome(result, run_id)

      


        Maps one GeoGenius.Pipeline.execute/3 result to the plain,
JSON-serializable outcome GeoGenius.Runners.PgFlow.Job's perform step
hands back to PgFlow.



    


    
      
        job_timeout_seconds()

      


        Returns the host's compile-time PgFlow job deadline, or nil when none was chosen.



    


    
      
        name()

      


        Returns "pgflow".



    





      


      
        Functions


        


  
    
      
    
    
      available?()



        
          
        

    

  


  

      

          @spec available?() :: boolean()


      


Reports whether pgflow, this project's own Job submodule, and a
running PgFlow.Supervisor are all present right now.
All three are checked live rather than assumed from configuration. A host
that added the dependency but never chose a compile-time job deadline, or
compiled the job but never started
{PgFlow, repo: ..., jobs: [...]} (Process.whereis/1) gets the same
false a host that never touched pgflow at all gets -- the same
distinction GeoGenius.Runners.Task draws between a configured Task.Supervisor
name and one that is dead.

  



  
    
      
    
    
      enqueue(context, run_id, args)



        
          
        

    

  


  

      

          @spec enqueue(GeoGenius.Context.t(), Ecto.UUID.t(), GeoGenius.Runner.args()) ::
  :ok | {:error, GeoGenius.Runner.enqueue_error()}


      


Enqueues the import as a PgFlow job and returns once PgFlow has durably
queued it. Before writing the job, verifies that its flow is compiled and a
healthy worker is polling the queue.
Returns :ok once PgFlow.enqueue/2 has written the job's own run row --
the import's outcome will be recorded in the catalog once a worker picks
the job up, so the caller reads it back from there rather than polling
this call. Missing runtime availability, flow registration, or worker
readiness is a definite :not_enqueued rejection. A generic error after
calling PgFlow.enqueue/2 is :outcome_unknown, because its durable write
may have committed before the caller lost confirmation.

  



  
    
      
    
    
      job_context(input, repo)



        
          
        

    

  


  

      

          @spec job_context(map(), module()) :: GeoGenius.Context.t()


      


Rebuilds the Context a job runs under, from its decoded input.
Lives here for the same reason job_input_opts/1 does. repo comes from
the %PgFlow.Context{} PgFlow builds for the executing worker rather than
from a module atom carried in input or a second application-global
lookup. :prefix travels through input as given, already validated once
when the enqueuing context was built.

  



  
    
      
    
    
      job_input_opts(input)



        
          
        

    

  


  

      

          @spec job_input_opts(map()) :: keyword()


      


Builds the Pipeline.execute/3 opts a job runs with, from its decoded input.
Lives here, on the module that always compiles, for the same reason
job_outcome/2 does: Job does not compile in the no-optional-dependencies
build, so that gate would otherwise miss a renamed key or dropped conversion. Reads
both "publish" and "stale_after_seconds" through Runner.publish?/1
and Runner.stale_after_seconds/1 rather than Map.get/2 directly, since
input has already round-tripped through PgFlow's own JSON storage and
carries string keys, not the atom keys a Runner.args() built in-process
would.

  



  
    
      
    
    
      job_outcome(result, run_id)



        
          
        

    

  


  

      

          @spec job_outcome(
  {:ok, GeoGenius.ImportRun.t()}
  | {:noop, GeoGenius.ImportRun.t()}
  | {:error, GeoGenius.ImportRun.t()}
  | {:error, {:unrecorded, :not_started | :outcome_unknown, String.t()}},
  Ecto.UUID.t()
) :: %{required(String.t()) => String.t()}


      


Maps one GeoGenius.Pipeline.execute/3 result to the plain,
JSON-serializable outcome GeoGenius.Runners.PgFlow.Job's perform step
hands back to PgFlow.
Lives here, on the module that always compiles, rather than inside Job
itself, so the mapping remains covered even in a no-optional-dependencies
build. Otherwise nothing there would notice if
GeoGenius.Pipeline.execute/3 gained or renamed a return shape --
Job.run/2 would keep its stale clauses, and the first host running this
backend under real pgflow would get a CaseClauseError inside a
worker instead of a clean, tested outcome.
Both a completed run and one that ran and recorded its own failure return
a plain outcome map -- either way the catalog already holds what
happened, and that is where a caller reads it back from. Raises only when
Pipeline.execute/3 reports nothing was recorded at all, since that is
the one case nothing durable exists for a later reader to find.

  



  
    
      
    
    
      job_timeout_seconds()



        
          
        

    

  


  

      

          @spec job_timeout_seconds() :: pos_integer() | nil


      


Returns the host's compile-time PgFlow job deadline, or nil when none was chosen.

  



  
    
      
    
    
      name()



        
          
        

    

  


  

      

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


      


Returns "pgflow".

  


        

      


  

    
GeoGenius.Runners.Task 
    



      
Runs an import under a Task.Supervisor.
:geo_genius starts a Task.Supervisor registered as
GeoGenius.TaskSupervisor unless a host has already configured its own
(see GeoGenius.Application). This backend uses that supervisor when a
host has configured nothing, so an asynchronous import needs zero host
configuration. A host that wants the supervisor inside its own tree
instead sets:
config :geo_genius, :task_supervisor, MyApp.TaskSupervisor
with MyApp.TaskSupervisor started under the host's own supervision tree
-- and, for a host that cares about shutdown order, listed after
MyApp.Repo there. See GeoGenius.Application's moduledoc for why that
placement matters: the library's own default supervisor sits outside the
host's tree and is stopped only after the host's own tree has already
finished shutting down, so with no configuration an import task can
outlive the host's Repo for the entire length of that shutdown. A
supervisor the host places after Repo does not have that problem --
supervisors stop children in the reverse of their start order, so a
later-listed TaskSupervisor stops before Repo does.
A configured name takes precedence over the library's own supervisor
whether or not the configured one is actually running -- a host that set
the key gets the gap named rather than silently redirected to the
library's default. enqueue/3 never falls back to a bare spawn/1, which
would provide no task-supervisor lifecycle or shutdown ordering for a host
to inspect or control.
A separate package-owned execution guardian monitors the task. If the task
dies while the Repo remains reachable, the guardian records a durable
failure with the exact claimed executor; it never restarts the task or
transfers execution. A Task does not trap exits, so it dies wherever it
happens to be when its supervisor stops and cannot clean up its staging
table. A host-owned supervisor placed after Repo lets the guardian record
that death before Repo shuts down. With the package-owned default, Repo may
already be gone by the time the dependency application's task dies, and
whole-node loss leaves no guardian alive; those cases remain stale,
operator-visible abandoned attempts. Task.Supervisor.children/1 lists
currently running task pids, though only as bare pids and, under a shared
host override, potentially mixed with unrelated tasks. Query import_run
(or GeoGenius.status/2) for actual import state.

      


      
        Summary


  
    Functions
  


    
      
        available?()

      


        Reports whether the resolved supervisor name is actually running.



    


    
      
        enqueue(context, run_id, args)

      


        Starts the import under the resolved Task.Supervisor and returns
immediately.



    


    
      
        name()

      


        Returns "task".



    





      


      
        Functions


        


  
    
      
    
    
      available?()



        
          
        

    

  


  

      

          @spec available?() :: boolean()


      


Reports whether the resolved supervisor name is actually running.
Resolved in order: config :geo_genius, :task_supervisor, then
GeoGenius.TaskSupervisor, the supervisor GeoGenius.Application starts
whenever the host has not configured one of its own. A configured but
dead name -- the host set the key and never started the child -- is
unavailable exactly like the library's own supervisor would be if
something stopped it: enqueue/3 cannot start a run under a supervisor
that is not there to accept it.

  



  
    
      
    
    
      enqueue(context, run_id, args)



        
          
        

    

  


  

      

          @spec enqueue(GeoGenius.Context.t(), Ecto.UUID.t(), GeoGenius.Runner.args()) ::
  :ok | {:error, GeoGenius.Runner.enqueue_error()}


      


Starts the import under the resolved Task.Supervisor and returns
immediately.
Returns {:error, {:not_enqueued, reason}} naming the configured name when
it is set but nothing is registered under it, naming
GeoGenius.TaskSupervisor in the same way should that library-started
supervisor ever not be running, or naming a live supervisor's refusal to
start the child (a host-configured :max_children cap, say). Never falls
back to an unsupervised process, and never reports :ok for a child that
was not started.

  



  
    
      
    
    
      name()



        
          
        

    

  


  

      

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


      


Returns "task".

  


        

      


  

    
GeoGenius.Stores.Postgres 
    



      
Every read is one call to a SQL function in the installed schema, with every
optional argument bound explicitly, so a read never inherits a default from
the database that differs from the one the library documents.
A host reaches this through GeoGenius.Context; configuring :store is what
replaces it.

      


      
        Summary


  
    Functions
  


    
      
        dump_uuid(release_id)

      


        Normalises a release id into the sixteen raw bytes Postgrex binds to a
uuid parameter. Accepts either that already-dumped binary or the
hyphenated string every read projects and release_at/3 returns, so a
caller can feed one read's release id into the next read's :release_id
regardless of which layer produced it. GeoGenius.Query binds :release_id
through this same function rather than reimplementing the shape check.



    





      


      
        Functions


        


  
    
      
    
    
      dump_uuid(release_id)



        
          
        

    

  


  

      

          @spec dump_uuid(String.t() | binary() | nil) :: binary() | nil


      


Normalises a release id into the sixteen raw bytes Postgrex binds to a
uuid parameter. Accepts either that already-dumped binary or the
hyphenated string every read projects and release_at/3 returns, so a
caller can feed one read's release id into the next read's :release_id
regardless of which layer produced it. GeoGenius.Query binds :release_id
through this same function rather than reimplementing the shape check.

  


        

      


  

    
GeoGenius.Migration 
    



      
Versioned GeoGenius schema migrations for host applications.
Host migrations pin both the target version and the PostgreSQL prefix.

      


      
        Summary


  
    Functions
  


    
      
        contract_status(repo, prefix)

      


        Inspects an installed schema's version, contract marker, signatures, and capabilities.



    


    
      
        current_contract_revision()

      


        Returns the content-addressed identity of the schema contract shipped by this package.



    


    
      
        current_version()

      


        Returns the current migration version supported by this library.



    


    
      
        down(opts \\ [])

      


        Rolls back migrations to the target version.



    


    
      
        installed_version(repo, prefix)

      


        Returns the installed GeoGenius schema version for prefix, read directly
through repo.



    


    
      
        migrated_version(opts \\ [])

      


        Returns the currently migrated version from the database.



    


    
      
        render_sql(opts)

      


        Renders a deterministic SQL transition for hosts that do not run Ecto migrations.



    


    
      
        required_capabilities()

      


        Returns the explicit capabilities required by the current schema contract.



    


    
      
        up(opts \\ [])

      


        Applies migrations up to the target version.



    





      


      
        Functions


        


  
    
      
    
    
      contract_status(repo, prefix)



        
          
        

    

  


  

      

          @spec contract_status(module(), String.t()) :: map()


      


Inspects an installed schema's version, contract marker, signatures, and capabilities.

  



  
    
      
    
    
      current_contract_revision()



        
          
        

    

  


  

      

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


      


Returns the content-addressed identity of the schema contract shipped by this package.

  



  
    
      
    
    
      current_version()



        
          
        

    

  


  

      

          @spec current_version() :: pos_integer()


      


Returns the current migration version supported by this library.

  



    

  
    
      
    
    
      down(opts \\ [])



        
          
        

    

  


  

      

          @spec down(keyword()) :: :ok


      


Rolls back migrations to the target version.
Options
	:prefix - Schema prefix. Defaults to "geo_genius".
	:version - Target version to roll back to. Defaults to 0.


  



  
    
      
    
    
      installed_version(repo, prefix)



        
          
        

    

  


  

      

          @spec installed_version(module(), String.t()) :: non_neg_integer()


      


Returns the installed GeoGenius schema version for prefix, read directly
through repo.
Unlike migrated_version/1 (usable only from inside an active
Ecto.Migration run, since it resolves its repo from the migration
process), this takes an explicit repo and works from ordinary application
or mix task code.
Returns 0 if GeoGenius has not been installed at prefix.

  



    

  
    
      
    
    
      migrated_version(opts \\ [])



        
          
        

    

  


  

      

          @spec migrated_version(keyword()) :: non_neg_integer()


      


Returns the currently migrated version from the database.
Returns 0 if no migrations have been applied.

  



  
    
      
    
    
      render_sql(opts)



        
          
        

    

  


  

      

          @spec render_sql(keyword()) :: String.t()


      


Renders a deterministic SQL transition for hosts that do not run Ecto migrations.

  



  
    
      
    
    
      required_capabilities()



        
          
        

    

  


  

      

          @spec required_capabilities() :: [String.t()]


      


Returns the explicit capabilities required by the current schema contract.

  



    

  
    
      
    
    
      up(opts \\ [])



        
          
        

    

  


  

      

          @spec up(keyword()) :: :ok


      


Applies migrations up to the target version.
Options
	:prefix - Schema prefix. Defaults to "geo_genius".
	:version - Target version. Defaults to 2.


  


        

      


  

    
GeoGenius.Migrations.V01 
    



      
Initial prefix-safe GeoGenius catalog schema.

      


      
        Summary


  
    Functions
  


    
      
        down(opts \\ [])

      


        Rolls back this version's migration by executing the down SQL file.



    


    
      
        up(opts \\ [])

      


        Applies this version's migration by executing the up SQL file.



    





      


      
        Functions


        


    

  
    
      
    
    
      down(opts \\ [])



        
          
        

    

  


  

      

          @spec down(keyword()) :: :ok


      


Rolls back this version's migration by executing the down SQL file.

  



    

  
    
      
    
    
      up(opts \\ [])



        
          
        

    

  


  

      

          @spec up(keyword()) :: :ok


      


Applies this version's migration by executing the up SQL file.

  


        

      


  

    
GeoGenius.ArtifactError exception
    



      
Raised when a release's artifacts cannot be listed, or one of them cannot be
resolved to a file on this machine.
Carries :reason -- :no_published_release, :unknown_release,
:foreign_release, :unknown_artifact, :invalid_cache_key, or
:not_cached -- so a caller can tell an artifact nobody has placed in the
cache yet, which an operator fixes by placing it, from a logical name this
release never composed, which is a caller's own mistake. :not_cached
carries the :cache_key the artifact resolves under and the :path it was
expected at, because those two values are the whole remedy: a File.Error
from inside a stream names neither.
:unknown_release and :foreign_release are separate reasons because they
are separate host defects. The first is an id that has gone stale; the second
is an id that was never this collection's, which reads another collection's
artifacts under this one's name if nothing refuses it.

      


      
        Summary


  
    Types
  


    
      
        reason()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      reason()



        
          
        

    

  


  

      

          @type reason() ::
  :no_published_release
  | :unknown_release
  | :foreign_release
  | :unknown_artifact
  | :invalid_cache_key
  | :not_cached


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %GeoGenius.ArtifactError{
  __exception__: true,
  cache_key: String.t() | nil,
  collection_key: String.t() | nil,
  detail: String.t() | nil,
  logical_name: String.t() | nil,
  message: String.t(),
  path: Path.t() | nil,
  reason: reason(),
  release_id: String.t() | nil
}


      



  


        

      


  

    
GeoGenius.CandidateError exception
    



      
A structured refusal from the exact import-candidate lifecycle.
Candidate refusals are expected operator outcomes, not database failures.
The reason is a closed atom vocabulary and the identifiers point at the
candidate and attempt that prevented the requested import.

      


      
        Summary


  
    Types
  


    
      
        reason()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      reason()



        
          
        

    

  


  

      

          @type reason() ::
  :candidate_mismatch
  | :completed
  | :failed
  | :invalid_catalog_response
  | :live_import
  | :manifest_changed
  | :not_failed
  | :not_found
  | :not_latest_attempt
  | :orphan_candidate
  | :protected
  | :source_definition_changed
  | :stale_import


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %GeoGenius.CandidateError{
  __exception__: true,
  message: String.t(),
  reason: reason(),
  release_id: Ecto.UUID.t() | nil,
  run_id: Ecto.UUID.t() | nil
}


      



  


        

      


  

    
GeoGenius.CatalogError exception
    



      
Raised when a GeoGenius.Catalog call cannot be completed.
Every call that module makes raises this, its reads -- release_manifest/2,
release_artifacts/2, published_release/2 -- included;
GeoGenius.QueryError covers the reading calls that go through
GeoGenius.Store.
Carries the SQL function that was called and the original driver error as
:reason, so a caller can match a constraint violation the operator caused
against a connection failure it cannot fix.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %GeoGenius.CatalogError{
  __exception__: true,
  function: String.t(),
  message: String.t(),
  reason: term()
}


      



  


        

      


  

    
GeoGenius.EnqueueError exception
    



      
A structured failure to confirm an import runner enqueue.
:certainty distinguishes a definite pre-acceptance rejection from a call
whose durable acceptance cannot be proved either way. :acceptance gives
the same distinction in operational terms, while :guidance tells the
caller how to inspect or safely redeliver the exact attempt.

      


      
        Summary


  
    Types
  


    
      
        acceptance()

      


    


    
      
        certainty()

      


    


    
      
        t()

      


    


    
      
        terminalization()

      


    





      


      
        Types


        


  
    
      
    
    
      acceptance()



        
          
        

    

  


  

      

          @type acceptance() :: :rejected | :unknown


      



  



  
    
      
    
    
      certainty()



        
          
        

    

  


  

      

          @type certainty() :: :not_enqueued | :outcome_unknown


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %GeoGenius.EnqueueError{
  __exception__: true,
  acceptance: acceptance(),
  certainty: certainty(),
  guidance: String.t(),
  message: String.t(),
  reason: term(),
  run_id: Ecto.UUID.t(),
  runner_backend: String.t(),
  terminalization: terminalization()
}


      



  



  
    
      
    
    
      terminalization()



        
          
        

    

  


  

      

          @type terminalization() ::
  :recorded_failed | :not_applicable | {:not_recorded, term()}


      



  


        

      


  

    
GeoGenius.ImportError exception
    



      
Raised when an import run cannot continue.
Carries the run and the phase it failed in. The run's own error column in
PostgreSQL is the durable record; this exception is how the failure reaches a
caller that is waiting synchronously.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %GeoGenius.ImportError{
  __exception__: true,
  message: String.t(),
  phase: String.t() | nil,
  reason: term(),
  run_id: Ecto.UUID.t() | nil
}


      



  


        

      


  

    
GeoGenius.ManifestError exception
    



      
Raised when a manifest cannot be read, decoded, or validated.
A manifest is a reviewed artifact, so every failure names the field that was
wrong rather than reporting that the document as a whole was rejected.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %GeoGenius.ManifestError{
  __exception__: true,
  message: String.t(),
  path: String.t() | nil,
  reason: term()
}


      



  


        

      


  

    
GeoGenius.PreflightError exception
    



      
Raised when the database does not satisfy GeoGenius's prerequisites at startup.

      




  

    
GeoGenius.QueryError exception
    



      
Raised when a reading call through GeoGenius.Store cannot be completed.
The boundary is the module, not the direction of the call:
GeoGenius.Catalog raises GeoGenius.CatalogError for its own reads as
well as its writes, so a host matching on this catches the query layer's
failures and not the ingestion side's.
Carries the SQL function that was called, so a failure names the read that
produced it rather than surfacing as a bare database error.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %GeoGenius.QueryError{
  __exception__: true,
  function: String.t(),
  message: String.t(),
  reason: term()
}


      



  


        

      


  

    
GeoGenius.StagingError exception
    



      
Raised when a staging table cannot be written to or read from.
Carries the operation that was attempted ("insert", "stream", or
"count") and the original driver error as :reason, since staging issues
raw SQL rather than calling a catalog function.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %GeoGenius.StagingError{
  __exception__: true,
  message: String.t(),
  operation: String.t(),
  reason: term()
}


      



  


        

      


  

    
GeoGenius.Application 
    



      
Starts GeoGenius's own supervision tree: an execution-guardian supervisor
and, unless a host supplies one, a Task.Supervisor registered as
GeoGenius.TaskSupervisor.
GeoGenius.Runners.Task uses that supervisor when a host has configured
nothing of its own, so an asynchronous import works with zero host
configuration. When config :geo_genius, :task_supervisor is already set
at boot, this tree omits only that task supervisor: the host has committed
to supplying its own. The guardian remains package-owned because it
monitors executions under every backend, including PgFlow and a host task
supervisor.
Do not add GeoGenius.Preflight to this tree. It must stay a child the
host places, immediately after its own Repo, for two reasons this
library has already paid to learn:
	A dependency application starts before its host's, so :geo_genius
cannot see a Repo that has not started yet. Placing Preflight here
would run its verification query before any Repo exists to query.
	Preflight skips itself for a Repo pooled through
Ecto.Adapters.SQL.Sandbox because the supervisor starts it from a
process holding no checked-out connection; started from here instead
of the host's own tree, that same query would raise
DBConnection.OwnershipError and abort the host's entire test suite
before its first setup block runs.

A Task.Supervisor carries neither risk at boot: it needs nothing to
start, starts empty, and does no work until a host calls
GeoGenius.import/1 -- by which time the host's own Repo is already up.
Shutdown is the opposite story, and it is backwards by default.
Applications start in dependency order and stop in the reverse of that
order: :geo_genius starts before its host, so it stops after it. On
System.stop/1 (or any ordinary release shutdown), the host's own
supervision tree -- Repo included -- finishes stopping first, and only
then is this tree told to stop. An import task still running at that
moment keeps running, against a Repo that is already gone, for the entire
length of the host's own shutdown: every phase call it makes fails,
repeatedly, against a connection that no longer exists. This is not a
hypothetical corner case -- it is what actually happens with no
configuration at all, because the library's own supervisor sits outside
the host's tree entirely and is stopped only after the host's tree
already has been.
A host that cares about shutdown order takes the override instead, and
places the supervisor correctly:
config :geo_genius, :task_supervisor, MyApp.TaskSupervisor
with MyApp.TaskSupervisor listed after MyApp.Repo in the host's own
children list. Supervisors terminate children in the reverse of their
start order, so a later-listed TaskSupervisor -- and every task under it
-- is stopped before Repo is, instead of after. For a host running
import work under this backend, this is not merely a matter of taste in
where the process lives; it is the only supervision arrangement whose
shutdown ordering is actually correct, and this library cannot arrange it
from the outside.
Killing a running import task this way is still not graceful: a Task
does not trap exits, so it dies wherever it happens to be and cannot clean
up its staging table. The independently supervised execution guardian
monitors that task, however. With the host-owned ordering above, the task
dies while both the guardian and Repo are still alive, so the guardian
records a durable failure using the exact executor identity before the
Repo stops. The executor is never transferred or taken over.
The package-owned default cannot make the same shutdown guarantee. The
host Repo has already stopped by the time the dependency application's
task and guardian supervisors shut down, so the guardian may be unable to
record the task's death. Whole-VM or whole-node loss has the same limit:
no surviving local process exists to write the outcome. In those cases a
stale heartbeat remains diagnostic; an operator records the abandoned
attempt's failure and starts a new one explicitly with
GeoGenius.retry_failed/2. See GeoGenius.Runners.Task's moduledoc.
A host can list the pids of tasks currently running under either
supervisor with Task.Supervisor.children/1 -- bare pids, not run ids,
and, under the override, potentially mixed with unrelated tasks the host
started under that same supervisor itself. A host that wants to see
actual import runs queries import_run (or GeoGenius.status/2)
instead.

      




  

    
GeoGenius.Bootstrap 
    



      
Optional supervised child that idempotently enqueues a configured desired
release at host boot.
GeoGenius does not add this to its own supervision tree -- starting a host
application must never download or import anything on its own. A host that
wants a release enqueued automatically places this child in its OWN
supervision tree, the same way GeoGenius.Preflight is left for a host to
place rather than shipped in GeoGenius.Application's tree:
children = [
  MyApp.Repo,
  {GeoGenius.Preflight, repo: MyApp.Repo},
  {GeoGenius.Bootstrap, repo: MyApp.Repo},
  MyAppWeb.Endpoint
]
and configures the desired release:
config :geo_genius, :bootstrap,
  enabled: true,
  collection: "us_counties",
  release: "2026",
  publish: true
Disabled by default. :enabled defaults to false, so a host that
configures nothing under :bootstrap -- or configures it without flipping
enabled: true -- gets a no-op child every time. :enabled and :publish
are both compared against the literal value true, so a truthy-but-not-true
value (enabled: "true", publish: 1) is treated as false rather than
coerced -- the safe direction for :enabled, and the same rule applied
consistently to :publish.
:enabled, :collection, :release, and :publish may each be passed to
start_link/1 directly, and an explicit value there wins over
config :geo_genius, :bootstrap for that key, even when the explicit value
is false or nil and the configured one is not. Every other option is
forwarded to GeoGenius.import/1 as given -- :repo, :prefix, :runner,
:manifest_paths, and so on -- so this child needs no configuration keys of
its own beyond the four above.
Modelled on GeoGenius.Preflight: start_link/1 returns :ignore, so
nothing lingers in the supervision tree once the release has been enqueued
(or the child has decided there is nothing to enqueue). Unlike Preflight,
it never raises -- and that protection covers start_link/1's entire body,
not just the call into GeoGenius.import/1. import/1 returns
{:error, exception} for a manifest that cannot be resolved or a catalog
write that cannot complete, but it can also raise outside that pair -- a
bad runner, a missing :collection, a Context.new/1 that cannot resolve
a Repo -- and resolving :enabled itself can raise on a malformed
config :geo_genius, :bootstrap (the wrong shape entirely, not just a
missing key). None of those may stop a host from booting: the host can
still read whatever release is already published. Every path -- the
error-tuple branch and anything raised, from :enabled resolution through
GeoGenius.import/1 -- is logged at :error, and the child still returns
:ignore either way.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(opts)

      


        Builds the child spec for placing this bootstrap in a supervision tree.



    


    
      
        start_link(opts)

      


        Enqueues the configured desired release, once, and returns :ignore.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(opts)



        
          
        

    

  


  

      

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


      


Builds the child spec for placing this bootstrap in a supervision tree.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

          @spec start_link(keyword()) :: :ignore


      


Enqueues the configured desired release, once, and returns :ignore.
When :enabled (opts, falling back to config :geo_genius, :bootstrap) is
not true, returns :ignore immediately without reading :collection,
:release, :publish, or calling GeoGenius.import/1 at all.

  


        

      


  

    
GeoGenius.Files 
    



      
Filesystem helpers shared by manifest loading and the providers that read
staged artifacts from disk.
read/1 returns the raw File.posix() reason on failure rather than a
formatted string, so a caller can tell :enoent -- a licensed artifact the
operator has not dropped into the cache yet, which has a specific remedy --
from :eacces or another failure it cannot recover from the same way.
format_error/2 turns that reason into the message most callers want to
surface, once they have decided they have nothing more specific to say.
read/1 looks like it adds nothing over calling File.read/1 directly --
it is a one-line body with no branching -- but the raw passthrough is the
point, not an oversight: GeoGenius.Manifest needs the unformatted reason
to build its own ManifestError, carrying path and a formatted reason
as separate fields, while GeoGenius.Providers.GeoJSON formats the same
reason into a plain string. Pre-formatting inside read/1 would serve the
second caller and break the first. This module's actual job is owning
format_error/2 -- the one formatting rule every caller shares -- while
leaving each caller free to decide whether and how to wrap the raw reason.
test/geo_genius/files_test.exs pins the raw-passthrough contract down
with an assertion in its own name.

      


      
        Summary


  
    Functions
  


    
      
        format_error(path, reason)

      


        Formats a read/1 failure, naming the path it was for.



    


    
      
        read(path)

      


        Reads path, returning the OS-level failure reason unchanged on error.



    





      


      
        Functions


        


  
    
      
    
    
      format_error(path, reason)



        
          
        

    

  


  

      

          @spec format_error(Path.t(), File.posix()) :: String.t()


      


Formats a read/1 failure, naming the path it was for.

  



  
    
      
    
    
      read(path)



        
          
        

    

  


  

      

          @spec read(Path.t()) :: {:ok, binary()} | {:error, File.posix()}


      


Reads path, returning the OS-level failure reason unchanged on error.

  


        

      


  

    
GeoGenius.Pipeline.Artifacts 
    



      
The import phases that obtain a release's files: download/1 and
validate/1.
This is the only part of the pipeline that touches the cache, the
downloader, or a checksum. Every artifact is resolved the same way -- look
in the cache first, download a miss, hash whatever came back, and record
that observation -- so a cached copy and a fresh download reach
record_artifact_observation/5 through the same check.
A cache hit is hashed on every run, including one whose artifact row
already carries a validated_at. Trusting that column would mean a
corrupted or swapped cache entry is never noticed again: every later run
would import it, and the release it produced would pass verification on
bytes nobody reviewed.

      


      
        Summary


  
    Functions
  


    
      
        download(state)

      


        Resolves every artifact the release composes to a local file, recording what
each one hashed to.



    


    
      
        validate(state)

      


        Checks that every required artifact carries a validated_at, and counts the
optional ones nothing could obtain.



    





      


      
        Functions


        


  
    
      
    
    
      download(state)



        
          
        

    

  


  

      

          @spec download(GeoGenius.Pipeline.State.t()) :: GeoGenius.Pipeline.State.result()


      


Resolves every artifact the release composes to a local file, recording what
each one hashed to.
Measures "artifacts", "downloaded", "cached", and "bytes", and
carries each artifact's local path and attributed source release forward on
the state.

  



  
    
      
    
    
      validate(state)



        
          
        

    

  


  

      

          @spec validate(GeoGenius.Pipeline.State.t()) :: GeoGenius.Pipeline.State.result()


      


Checks that every required artifact carries a validated_at, and counts the
optional ones nothing could obtain.
Re-reads the artifacts rather than trusting what download/1 collected:
validated_at is set by PostgreSQL, and reading it back is what makes this
a check rather than a restatement of what the previous phase believed.

  


        

      


  

    
GeoGenius.Pipeline.CommandAllowlist 
    



      
The GeoGenius.Command the import pipeline hands a provider: the configured
command adapter, narrowed to the one executable a shipped provider needs.
A provider is given a command adapter by design -- GeoGenius.Providers.Shapefile
converts its archive with ogr2ogr -- but GeoGenius.Command.run/3 takes an
arbitrary executable with arbitrary arguments, and both ogr2ogr -f PostgreSQL PG:... and psql write to the very database the catalog lives in. Narrowing
the adapter the pipeline passes means a provider that reaches for something
else is refused by name rather than obeyed.
This is a guardrail, not a sandbox. It bounds what a provider does by
accident or by copying an example; it cannot bound what a provider does
deliberately. Nothing stops provider code from calling
GeoGenius.Commands.System directly, resolving the configured adapter
itself out of application environment, or reading the adapter this
wraps out of opts[:command_target] -- which is there because a caller must
be able to substitute an adapter per call, including in tests. Elixir has no
module-level enforcement to offer here, so, exactly as with the rest of
GeoGenius.Provider's contract, a provider that only parses is a discipline
the pipeline and the tests hold providers to rather than a guarantee this
module can make.
run/3 refuses anything but ogr2ogr with an error naming the rejected
executable, using the shell's own 126 ("found, not executable") so a provider
formats it the same way it formats any other failed command. available?/2
answers false for a refused executable rather than reporting what is on the
search path, so a provider that probes before running gets the same answer
either way.
The adapter this wraps comes from opts[:command_target], falling back to
the configured adapter. Configuring this module as the host's command
adapter would make that fallback resolve to itself and recurse forever, with
no error and no output -- an import that simply hangs -- so it raises
instead. The options it forwards have :command and :command_target
removed, so a host's own adapter never receives this module's private
vocabulary.

      


      
        Summary


  
    Functions
  


    
      
        available?(executable, opts)

      


        Whether an allowed executable is on the search path; false for a refused one.



    


    
      
        run(executable, args, opts)

      


        Runs an allowed executable through the wrapped adapter, refusing every other one.



    





      


      
        Functions


        


  
    
      
    
    
      available?(executable, opts)



        
          
        

    

  


  

      

          @spec available?(String.t(), keyword()) :: boolean()


      


Whether an allowed executable is on the search path; false for a refused one.

  



  
    
      
    
    
      run(executable, args, opts)



        
          
        

    

  


  

      

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


      


Runs an allowed executable through the wrapped adapter, refusing every other one.

  


        

      


  

    
GeoGenius.Pipeline.Normalize 
    



      
The import phase that turns staged rows into catalog rows.
This is the only part of the pipeline that knows
GeoGenius.Provider.Area -- what a provider may describe, and what each
part of it becomes: an area, its names and external codes, its membership in
the release, and its boundary.
A provider's result is checked before it reaches SQL. The four legal
name kinds are atoms so a provider pattern-matches them, but Dialyzer does
not catch a misspelled one: normalize/2 returns a union and names is a
list, so a mis-typed success typing always overlaps the spec and
invalid_contract never fires. This is therefore the only place a bad kind
can be caught while the provider and the row are still known; one row
further on it is a Postgrex encode or check error naming neither.
Staging is read in pages, so no connection is held across the phase, and
each page is one heartbeat: a batch is well inside the lease's staleness
window, so no background heartbeat process is needed -- and not having one
means there is no second process whose death could be mistaken for a dead
worker.
A page is written as a set, not as rows. The page is turned into areas
first and written afterwards, as one statement for the batch's areas, one
for its names, one for its codes and one for its memberships, through the
*_many counterparts of the scalar catalog writes. A source that
denormalises a hierarchy describes the same county in every city row of it,
so a batch names far fewer distinct areas than it has rows, and one statement
per area would spend a round trip on every repeat. Boundaries use one plural
write for the page as well: GeoGenius.Catalog.put_boundaries/4 validates
and repairs the geometries, replaces the areas' boundaries and subdivided
parts, and recomputes their centroids from what it stored.
Collecting the whole page before writing any of it also means a provider's
own errors -- an illegal name kind, an unstaged artifact -- are found before
the batch is written rather than partway through it.

      


      
        Summary


  
    Functions
  


    
      
        normalize(state)

      


        Streams the run's staged rows through the provider that staged each one and
writes what comes back.



    





      


      
        Functions


        


  
    
      
    
    
      normalize(state)



        
          
        

    

  


  

      

          @spec normalize(GeoGenius.Pipeline.State.t()) :: GeoGenius.Pipeline.State.result()


      


Streams the run's staged rows through the provider that staged each one and
writes what comes back.
Measures "areas", "boundaries", and "skipped".

  


        

      


  

    
GeoGenius.Pipeline.State 
    



      
One run's working set, threaded through every phase.
Everything durable about a run lives in PostgreSQL; this carries only what
one phase hands the next: the rebuilt manifest and the providers it resolves
to, the local path and attributed source release of each artifact the
download phase obtained, and the metrics the last phase measured, which the
next phase boundary writes onto the run.
A release names a provider per source, so there is no single provider for a
run. artifact_providers maps a logical name to the module that stages it,
which is how staging dispatches on an artifact and how normalizing and
relating dispatch on row.artifact. providers is the same set without the
keys, in declaration order, for the release-level question relations/1
asks.

      


      
        Summary


  
    Types
  


    
      
        metrics()

      


        What a phase measured, as the jsonb stage_metrics merge patch it becomes.



    


    
      
        result()

      


        What every phase function returns, whichever module it lives in.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        with_metrics(error, fun)

      


        Turns a phase's own accumulator into the phase contract.



    





      


      
        Types


        


  
    
      
    
    
      metrics()



        
          
        

    

  


  

      

          @type metrics() :: %{optional(String.t()) => non_neg_integer()}


      


What a phase measured, as the jsonb stage_metrics merge patch it becomes.

  



  
    
      
    
    
      result()



        
          
        

    

  


  

      

          @type result() :: {:ok, t()} | {:error, String.t()}


      


What every phase function returns, whichever module it lives in.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %GeoGenius.Pipeline.State{
  artifact_providers: %{optional(String.t()) => module()},
  batch_size: pos_integer(),
  context: GeoGenius.Context.t(),
  executor_id: Ecto.UUID.t(),
  manifest: GeoGenius.Manifest.t() | nil,
  manifest_artifacts: %{optional(String.t()) => GeoGenius.Manifest.Artifact.t()},
  metrics: metrics(),
  opts: keyword(),
  providers: [module()],
  publish?: boolean(),
  resolved: %{optional(String.t()) => Path.t()},
  run: GeoGenius.ImportRun.t(),
  sources: %{optional(String.t()) => Ecto.UUID.t()},
  timeout: timeout(),
  work_dir: Path.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      with_metrics(error, fun)



        
          
        

    

  


  

      

          @spec with_metrics(term(), (term() -> t())) :: result()


      


Turns a phase's own accumulator into the phase contract.
An error passes through untouched; anything else is handed to fun, which
returns the state the next phase receives. Every phase reduces over
something -- artifacts, staged artifacts, batches of rows -- and each one
needs the same two-line tail, which is here once rather than in all three
phase modules.

  


        

      


  

    
GeoGenius.Providers.Batch 
    



      
Turns a list of raw items into staged rows, one fun call per item,
stopping at the first error.
Shared by every provider's per-chunk staging step: GeoGenius.Providers.GeoJSON
builds one GeoGenius.Staging.Row per GeoJSON feature, GeoGenius.Providers.CSV
one per delimited data row, and both need the same collect-or-halt, then-reverse
machinery -- previously duplicated between them as rows_for/2,
collect_row/3, and finish_rows/1, divergent only in how many extra
arguments each provider's own row_for needed.

      


      
        Summary


  
    Functions
  


    
      
        rows(items, fun)

      


        Applies fun to every item in items, returning the staged rows in the
original order.



    





      


      
        Functions


        


  
    
      
    
    
      rows(items, fun)



        
          
        

    

  


  

      

          @spec rows([term()], (term() -> {:ok, GeoGenius.Staging.Row.t()} | {:error, term()})) ::
  {:ok, [GeoGenius.Staging.Row.t()]} | {:error, term()}


      


Applies fun to every item in items, returning the staged rows in the
original order.
Stops at the first {:error, reason} fun returns, propagating it rather
than staging the remaining items.

  


        

      


  

    
GeoGenius.Providers.Fields 
    



      
Coerces a raw payload value -- read out of a GeoJSON feature's properties
or a CSV row's cells -- into either a present string or nil.
Every provider pulls a code, a name, an alias, or an external code's value
out of a payload the same way, and needs the same answer for "is this cell
actually present": a value is present when it is a non-blank string or a
number, absent otherwise. Before this module, GeoGenius.Providers.GeoJSON
passed an empty string through and re-checked value in [nil, ""] at every
call site, while GeoGenius.Providers.CSV folded "" into nil up front
and checked is_nil/1. Same concern, two contracts -- a third-party
provider author copying either exemplar got a different answer depending
on which one they read.

      


      
        Summary


  
    Functions
  


    
      
        presence(value)

      


        Returns a trimmed string for a present value, nil otherwise.



    





      


      
        Functions


        


  
    
      
    
    
      presence(value)



        
          
        

    

  


  

      

          @spec presence(term()) :: String.t() | nil


      


Returns a trimmed string for a present value, nil otherwise.
A binary is trimmed and turned to nil if the result is empty; an integer
or float is stringified; anything else -- a list, a map, a boolean -- is
nil rather than raising, since a payload value's shape is the source's
to guarantee, not this function's.
Trimming matters most for a code: area_key is
<authority>:<area_type>:<code>, a stable, public identifier, so a code
cell padded with spaces -- common in a fixed-width FIPS or ZIP export --
must not carry that padding into it. Without trimming, a later re-import
of the same source with the padding stripped would produce a different
code and therefore a different area_key, creating a duplicate area
instead of updating the existing one, and orphaning any relation rows
keyed on the old code. A value that is entirely whitespace is treated the
same as an absent one. What a provider does with an absent code is its own
call -- GeoGenius.Providers.CSV skips the row, since a manifest may name
a column its source fills only sometimes, while
GeoGenius.Providers.SimpleMaps.Rows fails it, since its source fills
every one of those columns in every row -- and a blank name or alias is
simply not added.

  


        

      


  

    
GeoGenius.Providers.ManifestOptions 
    



      
Manifest options lookups and payload-field extraction shared by every
provider that reads a code, names, attributes, and external codes out of
a manifest and a staged payload the way GeoGenius.Providers.GeoJSON and
GeoGenius.Providers.CSV both do.
A provider resolves its own format-specific option keys ("code_property"
vs "code_column", and so on -- see the table in GeoGenius.Provider's
moduledoc) and passes the resolved field name or field list in here; this
module never reads the vocabulary a specific format calls its own.

      


      
        Summary


  
    Functions
  


    
      
        area_keys(manifest, options, code_option_key)

      


        Resolves the three keys every area needs -- its code field, area type, and
authority -- into one map rather than three positional strings.



    


    
      
        attributes(payload, options, option_key)

      


        Takes the manifest-selected attribute fields out of payload, keyed by
option_key ("attribute_properties" for GeoJSON, "attribute_columns"
for CSV).



    


    
      
        authority_key(manifest, options)

      


        Resolves the authority key from options["authority"], falling back to the
manifest's own authority when the option is absent.



    


    
      
        codes(payload, options, option_key, field_key)

      


        Builds external codes for one payload from a manifest-configured list of
%{"type" => code_type, field_key => payload_field} entries.



    


    
      
        names(payload, name_field, alias_fields)

      


        Builds the official and alias names for one payload.



    


    
      
        require_option(options, key)

      


        Fetches key out of options, returning an error naming the key rather than raising.



    





      


      
        Functions


        


  
    
      
    
    
      area_keys(manifest, options, code_option_key)



        
          
        

    

  


  

      

          @spec area_keys(GeoGenius.Manifest.t(), map(), String.t()) ::
  {:ok,
   %{
     code_field: String.t(),
     area_type_key: String.t(),
     authority_key: String.t()
   }}
  | {:error, String.t()}


      


Resolves the three keys every area needs -- its code field, area type, and
authority -- into one map rather than three positional strings.
code_option_key is the format-specific option key naming the code field
("code_property" for GeoJSON, "code_column" for CSV); "area_type" is
the same key for every provider. Returning a map rather than a
{code_field, area_type_key, authority_key} tuple means a caller cannot
transpose area_type_key and authority_key by getting their position
wrong -- both are plain strings, so a transposition here would type-check
and silently mis-file every area in the catalog.

  



  
    
      
    
    
      attributes(payload, options, option_key)



        
          
        

    

  


  

      

          @spec attributes(map(), map(), String.t()) :: map()


      


Takes the manifest-selected attribute fields out of payload, keyed by
option_key ("attribute_properties" for GeoJSON, "attribute_columns"
for CSV).
Defaults to [] when option_key is absent from options -- an explicit,
provider-agreed default rather than "every other field", which would
silently widen a catalog's attributes the moment a source added a column
nobody asked to carry forward.

  



  
    
      
    
    
      authority_key(manifest, options)



        
          
        

    

  


  

      

          @spec authority_key(GeoGenius.Manifest.t(), map()) ::
  {:ok, String.t()} | {:error, String.t()}


      


Resolves the authority key from options["authority"], falling back to the
manifest's own authority when the option is absent.
The fallback needs the manifest to name exactly one authority. A manifest
declaring several is describing areas keyed under more than one, which one
option key cannot express, so it must say which under "authority" rather
than have the first entry chosen for it -- a silent choice would file every
area of the release under whichever authority happened to be listed first.

  



  
    
      
    
    
      codes(payload, options, option_key, field_key)



        
          
        

    

  


  

      

          @spec codes(map(), map(), String.t(), String.t()) :: [
  GeoGenius.Provider.Area.Code.t()
]


      


Builds external codes for one payload from a manifest-configured list of
%{"type" => code_type, field_key => payload_field} entries.
option_key names the manifest option carrying that list
("code_properties" for GeoJSON, "code_columns" for CSV); field_key
names the key each entry uses for the payload field
("property" for GeoJSON, "column" for CSV). Defaults to []. A row
whose named payload field is blank produces no code for that entry, rather
than a %Code{} with an empty code_value.

  



  
    
      
    
    
      names(payload, name_field, alias_fields)



        
          
        

    

  


  

      

          @spec names(map(), String.t(), [String.t()]) :: [GeoGenius.Provider.Area.Name.t()]


      


Builds the official and alias names for one payload.
name_field names the payload key holding the official name; alias_fields
names the payload keys holding alias names. Both are already resolved by
the caller from its own format-specific option keys and defaults.

  



  
    
      
    
    
      require_option(options, key)



        
          
        

    

  


  

      

          @spec require_option(map(), String.t()) :: {:ok, term()} | {:error, String.t()}


      


Fetches key out of options, returning an error naming the key rather than raising.

  


        

      


  

    
GeoGenius.ResultMapper 
    



      
Maps a Postgrex.Result into structs by column name.
GeoGenius.AreaMatch and GeoGenius.ImportRun both project a query result
with more than a dozen columns, several of them same-typed neighbours, into
their own struct. Both need the same rule -- map by column name, never by
position -- so it lives here once rather than as two copies that could
drift apart.

      


      
        Summary


  
    Functions
  


    
      
        to_structs(result, fields, module)

      


        Maps a query result into structs of module, using fields to translate
column names to struct keys.



    





      


      
        Functions


        


  
    
      
    
    
      to_structs(result, fields, module)



        
          
        

    

  


  

      

          @spec to_structs(Postgrex.Result.t(), %{optional(String.t()) => atom()}, module()) ::
  [struct()]


      


Maps a query result into structs of module, using fields to translate
column names to struct keys.
Mapping is by column name rather than position. Both projections that use
this declare more than a dozen columns with several same-typed neighbours,
so a positional mapping would transpose two of them silently the first time
a projection changed.
Raises if a column in the result has no entry in fields: an unmapped
column is a projection bug to fix, not a value to drop silently.

  


        

      


  

    
GeoGenius.Telemetry 
    



      
Telemetry events GeoGenius emits.
Each catalog read is one span:
	[:geo_genius, :read, :start] with %{system_time: integer()}
	[:geo_genius, :read, :stop] with %{duration: integer()}
	[:geo_genius, :read, :exception] with %{duration: integer()}

Metadata carries :function, the SQL function called, and :prefix, the
schema it was called in. A stop event also carries :result_count, so a
host can tell a read that found nothing from a read that found thousands
without instrumenting its own callers.
Each phase of an import is one span of its own:
	[:geo_genius, :import, :start] with %{system_time: integer()}
	[:geo_genius, :import, :stop] with %{duration: integer()}
	[:geo_genius, :import, :exception] with %{duration: integer()}

Metadata carries :phase, :run_id, :release_id, :collection_key, and
:prefix. :collection_key is the low-cardinality dimension a host charts
an import against; :run_id is unique per run and belongs in a log line
rather than in a metrics tag.
A stop event also carries :metrics, what that phase measured, and
:status, :ok or :error. A phase that fails by returning an error is a
normal return and so emits :stop, not :exception -- without :status a
host counting stop events would count every failed import as a completed
phase, and empty :metrics cannot tell them apart, since two phases measure
nothing even when they succeed.

      


      
        Summary


  
    Functions
  


    
      
        import_span(phase, metadata, fun)

      


        Wraps one import phase in a telemetry span, carrying what it measured and
how it ended.



    


    
      
        span(function, metadata, fun)

      


        Wraps a read in a telemetry span, counting the rows it returned.



    





      


      
        Functions


        


  
    
      
    
    
      import_span(phase, metadata, fun)



        
          
        

    

  


  

      

          @spec import_span(String.t(), map(), (-> {result, map(), :ok | :error})) :: result
when result: term()


      


Wraps one import phase in a telemetry span, carrying what it measured and
how it ended.
fun returns {result, metrics, status}; result is what this returns,
and the other two become the stop event's :metrics and :status
metadata.

  



  
    
      
    
    
      span(function, metadata, fun)



        
          
        

    

  


  

      

          @spec span(String.t(), map(), (-> result)) :: result when result: term()


      


Wraps a read in a telemetry span, counting the rows it returned.

  


        

      


  

    
mix geo_genius.check_schema 
    



      
Checks that the installed GeoGenius schema version matches the version
shipped by this package.
Exits non-zero on a mismatch, so it can be used as a CI or deploy gate.

      




  

    
mix geo_genius.gen.migration 
    



      
Generates a pinned wrapper for one supported adjacent GeoGenius schema upgrade.

      




  

    
mix geo_genius.import 
    



      
Registers a collection release from its manifest and enqueues its import.
Options
	--collection - the collection key to import (required)
	--release - the release key to import (required)
	--publish - publish the release once the import completes
	--await - wait for the run to finish instead of returning its id
	--timeout - how long --await waits, in milliseconds; left out, it
resolves the way GeoGenius.await/3 does, through
config :geo_genius, :await_timeout and then the library default
	--owner - the owner recorded on the run's lease (default the node name)
	--repo - the Ecto Repo to run against
	--prefix - the PostgreSQL schema GeoGenius is installed in

Without --await the task prints the run id and returns as soon as the run
is enqueued: the work may be executing on another node entirely. With
--await it polls the catalog and exits non-zero for a run that failed or
did not finish in time, so a deploy step can wait on the outcome.
A --timeout that elapses stops the waiting, not the run. The named run is
still executing wherever its backend put it, and mix geo_genius.status --run-id reads its outcome afterwards. Re-running the import instead is
safe but pointless: the same owner re-enqueues the same run, and its latched
executor makes the duplicate delivery a no-op rather than starting a second
execution.
--publish publishes through the pipeline's own publishing phase, which
bounds its statement by the window the run was claimed under (900 seconds by
default). There is no switch here to move that bound, unlike
mix geo_genius.publish --timeout; a release needing more than the default
is imported without --publish and published by that task afterwards.

      




  

    
mix geo_genius.migration_sql 
    



      
Renders a pinned GeoGenius SQL transition for non-Ecto migration hosts.

      




  

    
mix geo_genius.publish 
    



      
Publishes a verified release, so reads that name no release id resolve to it.
Options
	--release-id - the release to publish, by id
	--collection and --release - the release to publish, by key
	--repo - the Ecto Repo to run against
	--prefix - the PostgreSQL schema GeoGenius is installed in
	--timeout - milliseconds the publication statement is allowed
(default 900000)

--release-id and --collection are mutually exclusive: supplying both
would make one silently win over the other, and the two can name different
releases. A release that fails verification exits non-zero through
Mix.raise/1, so this gates a deploy rather than reporting a publication
that did not happen.
Publishing re-runs the release's verification inside the publication, which
on a national release is minutes of work in one statement. --timeout is
what a release too large for the default asks with, so a publication does
not need the host's whole Repo raised to succeed.

      




  

    
mix geo_genius.rollback 
    



      
Rolls a collection's publication back to its previous release.
Options
	--collection - the collection to roll back (required)
	--yes - actually perform the rollback
	--repo - the Ecto Repo to run against
	--prefix - the PostgreSQL schema GeoGenius is installed in

A rollback changes what every host reading this collection sees, so like
mix geo_genius.uninstall it prints what it would do and does nothing
without --yes. It does not happen from a typo.
A rollback that committed exits zero even when the release it rolled back to
could not be read afterwards. The publication has already moved by then, so
exiting non-zero under a "failed" label would invite a deploy script that
retries on exit code to roll the collection back a second step. The
unreadable outcome is reported on stderr instead, naming the rollback as
done.

      




  

    
mix geo_genius.setup 
    



      
Generates the host application's pinned initial GeoGenius migration wrapper.

      




  

    
mix geo_genius.status 
    



      
Reports import runs, and what a collection currently publishes.
Options
	--run-id - report one run
	--collection - report every run for a collection, newest first, plus
the release that collection currently publishes
	--repo - the Ecto Repo to run against
	--prefix - the PostgreSQL schema GeoGenius is installed in

--run-id and --collection are mutually exclusive: a run id already names
exactly one run, so pairing it with a collection could only contradict it.

      




  

    
mix geo_genius.sweep_staging 
    



      
Drops per-run staging tables left behind by runs that have already finished.
Options
	--yes - actually drop the tables
	--repo - the Ecto Repo to run against
	--prefix - the PostgreSQL schema GeoGenius is installed in

The pipeline drops a run's staging table in an after clause, and that drop
is deliberately rescued so a database failure during cleanup cannot destroy
the run's own failure record. A host whose database dies mid-cleanup
therefore leaks a table, nothing else reclaims it, and the schema down
migration's teardown refuses to drop a non-empty schema -- so a leak eventually blocks an
uninstall. This reclaims them.
A table whose import_run row is gone entirely is reclaimed too. That is
the case nothing else can reach: with no run row to read a status from,
such a table is invisible to anything that starts from import_run, and it
would otherwise sit in the schema until an operator found it by hand.
Like mix geo_genius.rollback, it prints what it would drop and does nothing
without --yes.

      




  

    
mix geo_genius.uninstall 
    



      
Drops the GeoGenius schema and all of its data at a prefix.
This is destructive and irreversible, so by default it only prints the
statements for review; pass --yes to execute them. The drop runs directly
against the repo rather than through Ecto.Migrator, since
GeoGenius.Migration.down/1 only runs inside an active Ecto.Migration
process and routing it through the migrator would write a fabricated,
irreversible version row into schema_migrations -- a table this library
does not own.
Dropping the schema leaves the host's setup migration recorded as applied,
which would make mix ecto.migrate skip reinstalling it. So the host's
schema_migrations row for that wrapper is deleted alongside the schema.
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