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    Kura

  [image: Kura]
Database layer for Erlang - Ecto-equivalent abstractions in pure Erlang. Pluggable backends: kura_postgres (PostgreSQL via pgo), kura_sqlite (SQLite via esqlite).
Features
	Schema - behaviour-based schema definitions with type metadata
	Changeset - cast external params, validate, track changes and errors
	Query Builder - composable, functional query construction
	SQL Compiler - parameterized SQL generation (no string interpolation)
	Repo - CRUD operations with automatic type conversion and PG error mapping
	Associations - belongs_to, has_one, has_many, many_to_many with preloading
	Composite keys - N-column primary keys (key/0) and composite foreign keys (#kura_ref{})
	Embedded Schemas - embeds_one, embeds_many stored as JSONB
	Multi - atomic transaction pipelines
	Migrations - DDL operations with automatic module-based discovery
	Enums - atom-backed enum types stored as VARCHAR
	Telemetry - query logging with timing
	Lifecycle Hooks - before/after callbacks for insert, update, delete
	Audit Trail - automatic change tracking with actor context
	Pagination - offset-based and cursor-based pagination
	Streaming - server-side cursor streaming for large result sets
	Multitenancy - schema prefix and attribute-based tenant isolation
	Optimistic Locking - concurrent update conflict detection
	Encryption at rest - {encrypted, Type} fields, AES-256-GCM, key rotation

Quick Start
Define a Schema
-module(user).
-behaviour(kura_schema).
-include_lib("kura/include/kura.hrl").

-export([table/0, fields/0]).

table() -> ~"users".

fields() ->
    [
        #kura_field{name = id, type = id, primary_key = true, nullable = false},
        #kura_field{name = name, type = string, nullable = false},
        #kura_field{name = email, type = string, nullable = false},
        #kura_field{name = age, type = integer},
        #kura_field{name = inserted_at, type = utc_datetime},
        #kura_field{name = updated_at, type = utc_datetime}
    ].
Define a Repo
-module(my_repo).
-behaviour(kura_repo).

-export([otp_app/0, start/0, all/1, get/2, insert/1, update/1, delete/1]).

otp_app() -> my_app.

start() -> kura_repo_worker:start(?MODULE).
all(Q) -> kura_repo_worker:all(?MODULE, Q).
get(Schema, Id) -> kura_repo_worker:get(?MODULE, Schema, Id).
insert(CS) -> kura_repo_worker:insert(?MODULE, CS).
update(CS) -> kura_repo_worker:update(?MODULE, CS).
delete(CS) -> kura_repo_worker:delete(?MODULE, CS).
Configure the database connection in sys.config:
[{my_app, [
    {my_repo, #{
        database => ~"myapp",
        hostname => ~"localhost",
        port => 5432,
        username => ~"postgres",
        password => <<>>,
        pool_size => 10
    }}
]}].
Changesets
%% Cast and validate external params
CS = kura_changeset:cast(user, #{}, #{~"name" => ~"Alice", ~"email" => ~"alice@example.com"}, [name, email, age]),
CS1 = kura_changeset:validate_required(CS, [name, email]),
CS2 = kura_changeset:validate_format(CS1, email, ~"@"),
CS3 = kura_changeset:validate_length(CS2, name, [{min, 1}, {max, 100}]),

%% Insert
{ok, User} = my_repo:insert(CS3).
Query Builder
Q = kura_query:from(user),
Q1 = kura_query:where(Q, {age, '>', 18}),
Q2 = kura_query:where(Q1, {'or', [{role, ~"admin"}, {role, ~"moderator"}]}),
Q3 = kura_query:select(Q2, [name, email]),
Q4 = kura_query:order_by(Q3, [{name, asc}]),
Q5 = kura_query:limit(Q4, 10),

{ok, Users} = my_repo:all(Q5).
Supported conditions: =, !=, <, >, <=, >=, like, ilike, matches, in, not_in, is_nil, is_not_nil, between, {'and', [...]}, {'or', [...]}, {'not', ...}, {fragment, SQL, Params}.
Full-text search
{Field, matches, Query} is a full-text search: on PostgreSQL it compiles
to to_tsvector(Field) @@ plainto_tsquery($n), with the query text bound
as a parameter (plainto_tsquery treats it as plain words, so no query
syntax is needed or trusted). Requires a backend declaring the
full_text_search capability.
Q = kura_query:where(kura_query:from(article), {body, matches, ~"erlang database"}),
{ok, Hits} = my_repo:all(Q).
Matching uses the server's default_text_search_config for stemming and
stop-words. For production, add a GIN expression index so the search
doesn't recompute a tsvector per row:
CREATE INDEX articles_body_fts ON articles USING gin (to_tsvector('english', body));
Window functions
Use over/2 inside select_expr/2 for OVER (PARTITION BY ... ORDER BY ...)
expressions. The window function is an aggregate ({count, '*'}, {sum, Field},
{avg, Field}, {min, Field}, {max, Field}) or a ranking function
(row_number, rank, dense_rank).
Q = kura_query:select_expr(kura_query:from(sales), [
    {category, category},
    {row_num, kura_query:over(row_number, #{partition_by => [category], order_by => [{amount, desc}]})},
    {running_total, kura_query:over({sum, amount}, #{partition_by => [category], order_by => [{day, asc}]})}
]),

{ok, Rows} = my_repo:all(Q).
Requires a backend declaring the window_functions capability — PostgreSQL today (SQLite window rendering is planned).
Migrations
-module(m20240115120000_create_users).
-behaviour(kura_migration).
-include_lib("kura/include/kura.hrl").

-export([up/0, down/0]).

up() ->
    [{create_table, ~"users", [
        #kura_column{name = id, type = id, primary_key = true, nullable = false},
        #kura_column{name = name, type = string, nullable = false},
        #kura_column{name = email, type = string, nullable = false},
        #kura_column{name = age, type = integer},
        #kura_column{name = inserted_at, type = utc_datetime},
        #kura_column{name = updated_at, type = utc_datetime}
    ]},
    {create_index, ~"users", [email], #{unique => true}}].

down() ->
    [{drop_index, ~"users_email_index"},
     {drop_table, ~"users"}].
Run migrations:
kura_migrator:migrate(my_repo).
kura_migrator:rollback(my_repo).
kura_migrator:status(my_repo).
Type Mapping
	Kura	PostgreSQL	SQLite	Erlang
	id	BIGSERIAL	INTEGER PRIMARY KEY	integer()
	integer	INTEGER	INTEGER	integer()
	float	DOUBLE PRECISION	REAL	float()
	string	VARCHAR(255)	TEXT	binary()
	text	TEXT	TEXT	binary()
	boolean	BOOLEAN	INTEGER (0/1)	boolean()
	date	DATE	TEXT (ISO 8601)	{Y, M, D}
	utc_datetime	TIMESTAMPTZ	TEXT (ISO 8601)	calendar:datetime()
	uuid	UUID	TEXT	binary()
	jsonb	JSONB	TEXT	map()
	{array, T}	T[]	unsupported	list()
	{encrypted, T}	BYTEA	BLOB	T (encrypted at rest)
	{vector, N}	VECTOR(N)	unsupported	[float()]

SQLite values round-trip transparently via kura_types:cast/2 (booleans 0/1 → true/false, ISO 8601 → datetime tuples, JSON text → maps).
{vector, N} (and dimensionless vector) map to pgvector
columns for embeddings; requires CREATE EXTENSION vector and a backend
declaring the vector capability. A value is a list of numbers, dimension-checked
on cast. Distance-query operators (<-> / <=>) are not yet a first-class query
form - use a {fragment, SQL, Params} for nearest-neighbour ordering meanwhile.
Elements are stored as float4, so a value read back from a column is the
single-precision approximation of what was written, not the exact double.
Encryption at rest
Wrap a field type in {encrypted, Type} to store it AES-256-GCM-encrypted
in a BYTEA column. Values are encrypted on write and decrypted on read;
casting and validation still run on the plaintext.
fields() ->
    [
        #kura_field{name = id, type = id, primary_key = true},
        #kura_field{name = email, type = string},
        #kura_field{name = ssn, type = {encrypted, string}, nullable = false}
    ].
Supported inner types: string, text, binary, uuid, jsonb,
integer, bigint, smallint, boolean. Configure keys under the
kura app env - each a base64-encoded 32-byte key, with active
selecting the one used for new writes:
[{kura, [
    {encryption, #{
        active => 1,
        keys => [{1, <<"base64-encoded-32-byte-key">>}]
    }}
]}].
Rotation: add a new key and move active to it. Each ciphertext
carries its key id, so existing rows keep decrypting under their original
key - no backfill. A custom keyring (KMS/Vault) can replace the default by
implementing the kura_keyring behaviour and setting {kura, [{keyring, my_keyring}]}.
Constraints: encrypted columns are not queryable and cannot carry a
unique constraint (each write has a random nonce, so equal plaintexts
produce different ciphertexts). Primary and foreign keys cannot be
encrypted. NULL stays NULL (unencrypted), so presence still leaks.
Schema introspection (rebar3 kura gen_schemas) cannot detect that a
BYTEA column was encrypted - annotate it by hand. The audit trail
redacts encrypted fields to [encrypted] (it keeps the "changed" signal
but never logs the value). Ciphertext is not yet bound to its row/column,
so a database-level actor could copy a ciphertext between rows of the same
column; per-column binding is planned.
Configuration
Configure repos under the kura app env. Each repo is a map keyed by
its module name; pick a backend package and Kura starts the configured
pool at app boot, populating dialect, pool_module, and driver_module
from the aggregator automatically.
%% sys.config — single Postgres repo
[{kura, [
    {repos, #{
        my_repo => #{
            backend => kura_backend_postgres,
            host => "localhost",
            port => 5432,
            database => "my_app_dev",
            user => "postgres",
            password => "postgres",
            pool_size => 10
        }
    }}
]}].
%% sys.config — single SQLite repo
[{kura, [
    {repos, #{
        my_repo => #{
            backend => kura_backend_sqlite,
            database => <<"my_app.db">>,   %% or <<":memory:">>
            pool_size => 4
        }
    }}
]}].
%% sys.config — Postgres primary + SQLite analytics
[{kura, [
    {repos, #{
        my_repo => #{
            backend => kura_backend_postgres,
            host => "localhost",
            database => "main",
            user => "postgres",
            pool_size => 10
        },
        analytics_repo => #{
            backend => kura_backend_sqlite,
            database => <<":memory:">>
        }
    }}
]}].
Each repo module declares itself in code:
-module(my_repo).
-behaviour(kura_repo).
-export([otp_app/0]).
otp_app() -> my_app.
Queries through my_repo emit Postgres SQL; queries through
analytics_repo emit SQLite SQL. The query cache is keyed on
{Repo, Tenant, Query} so neither dialects nor tenants share entries.
Because bound parameters are part of the cached result, a parameterised
query interns one entry per distinct value set. Two settings bound the
table, both counted in words:
	Setting	Default	Effect
	query_cache_max_memory	8000000 (~64 MB)	cache is dropped wholesale once the table exceeds this
	query_cache_max_entry_size	4096	a single result larger than this is never cached

Lower query_cache_max_entry_size if callers build in filters from
user-supplied lists and you want them kept out of the cache entirely.
kura_query_cache:flush/0 drops every entry; call it if you swap a
repo's dialect at runtime, since the dialect is not part of the key.
UUID primary keys are auto-generated on insert when no value is
provided. The default is UUIDv4 (random) - secure by default, since
a v4 key discloses nothing about the row. Set uuid_version => v7 in a
repo's config to use time-ordered UUIDv7 for better index locality; note
that a v7 key embeds its creation timestamp, so avoid it for keys exposed
in URLs or public APIs. A schema's own generate_id/0 callback still
takes precedence over both.
Read replicas
A replica is just another repo pointed at a read replica. Mark it
read_only => true so writes are refused, and list it under the
primary's replicas so the primary can hand it out:
{repos, #{
    my_repo => #{backend => kura_backend_postgres, host => "primary", replicas => [my_repo_ro]},
    my_repo_ro => #{backend => kura_backend_postgres, host => "replica", read_only => true}
}}
read_only => true makes every write (insert/update/delete and the
bulk and soft-delete variants) return {error, read_only}. Routing is
explicit - pick a replica per read and own read-after-write yourself:
Replica = kura_repo:replica(my_repo),   %% a replica repo, or my_repo if none
{ok, Rows} = Replica:all(Q).
There is no automatic write/read split - reads go to whichever repo you
call, so a read that must see a just-written row should use the primary.
The guard covers the changeset write API; raw SQL via query/3 is not
guarded, so a raw write on a replica is rejected by PostgreSQL itself.
Legacy v1.x config forms (still supported)

The flat single-repo form:

```erlang
[{kura, [
    {repo, my_repo},
    {backend, kura_backend_postgres},
    {host, "localhost"},
    {port, 5432},
    {database, "my_app_dev"},
    {user, "postgres"},
    {password, "postgres"},
    {pool_size, 10}
]}].
```

The per-app form:

```erlang
[{my_app, [
    {my_repo, #{
        backend => kura_backend_postgres,
        database => ~"my_app_dev",
        hostname => ~"localhost",
        port => 5432,
        username => ~"postgres",
        password => ~"postgres",
        pool_size => 10
    }}
]}].
```

The per-app form requires the consuming app to call `my_repo:start()`
manually. The `{repos, #{...}}` form (above) is preferred for new
projects - single-repo today, no rewrite when you add a second backend.Migrations are discovered automatically from compiled modules implementing the kura_migration behaviour.
Optional telemetry/logging config:
[{kura, [
    {log, true}  %% true | {M, F} | false (default)
]}].
Plugins
	rebar3_kura - Rebar3 plugin that auto-generates migration files from schema changes. Add a field to your schema, run rebar3 compile, and the migration is created for you.
	opentelemetry_kura - OpenTelemetry instrumentation. Subscribes to Kura's telemetry events and creates spans for every database query.

Examples
	pet_store - A sample REST API built with Kura and Nova demonstrating schemas, changesets, queries, migrations, and associations in practice.

Requirements
	Erlang/OTP 28+
	One backend: PostgreSQL 14+ (via kura_postgres) or SQLite 3.35+ (via kura_sqlite)



  

    LICENSE


MIT License

Copyright (c) 2025 Taure

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

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

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



  

    Getting Started

Installation
Add kura to your rebar.config dependencies:
{deps, [
    kura
]}.
Define a Schema
Create a schema module that implements the kura_schema behaviour:
-module(my_user).
-behaviour(kura_schema).
-include_lib("kura/include/kura.hrl").

-export([table/0, fields/0]).

table() -> ~"users".

fields() ->
    [#kura_field{name = id, type = id, primary_key = true},
     #kura_field{name = name, type = string},
     #kura_field{name = email, type = string},
     #kura_field{name = inserted_at, type = utc_datetime},
     #kura_field{name = updated_at, type = utc_datetime}].
Supported types: id, integer, float, string, text, boolean, date, utc_datetime, uuid, jsonb, {array, Type}.
Define a Repo
Create a repo module that implements the kura_repo behaviour:
-module(my_repo).
-behaviour(kura_repo).

-export([otp_app/0]).

otp_app() -> my_app.
Then add database configuration to your sys.config. Repos go under
the {repos, #{Name => Cfg}} map; pick a backend per repo:
%% single Postgres repo
[{kura, [
    {repos, #{
        my_repo => #{
            backend => kura_backend_postgres,
            host => "localhost",
            port => 5432,
            database => "my_app_dev",
            user => "postgres",
            password => "postgres",
            pool_size => 10
        }
    }}
]}].
%% single SQLite repo
[{kura, [
    {repos, #{
        my_repo => #{
            backend => kura_backend_sqlite,
            database => <<"my_app.db">>,
            pool_size => 4
        }
    }}
]}].
%% Postgres primary + SQLite analytics in the same app
[{kura, [
    {repos, #{
        my_repo => #{
            backend => kura_backend_postgres,
            host => "localhost",
            database => "my_app_dev",
            user => "postgres",
            pool_size => 10
        },
        analytics_repo => #{
            backend => kura_backend_sqlite,
            database => <<":memory:">>
        }
    }}
]}].
Each repo module declares itself in code (-behaviour(kura_repo) +
otp_app/0). Queries through my_repo emit Postgres SQL; queries
through analytics_repo emit SQLite SQL. The query cache is keyed per
repo so the dialects never share entries. Kura starts the configured
pools automatically; UUID primary keys are auto-generated on insert
when no value is provided.
Define a Migration
Create a migration module under src/ (any subdirectory works, e.g. src/migrations/). Migrations are regular Erlang modules and must be compiled by rebar3 - files in priv/ are not compiled and will not be discovered.
The module name must match m<YYYYMMDDHHMMSS>_<name>:
-module(m20250101120000_create_users).
-behaviour(kura_migration).
-include_lib("kura/include/kura.hrl").

-export([up/0, down/0]).

up() ->
    [{create_table, ~"users", [
        #kura_column{name = id, type = id, primary_key = true},
        #kura_column{name = name, type = string, nullable = false},
        #kura_column{name = email, type = string, nullable = false},
        #kura_column{name = inserted_at, type = utc_datetime, nullable = false},
        #kura_column{name = updated_at, type = utc_datetime, nullable = false}
    ]},
    {create_index, ~"users", [email], #{unique => true}}].

down() ->
    [{drop_index, ~"users_email_index"},
     {drop_table, ~"users"}].
If your rebar.config does not already enable recursive src/ compilation, add it so subdirectories are picked up:
{erl_opts, [{src_dirs, [{"src", [{recursive, true}]}]}]}.
Run Migrations
Once the kura application starts, the connection pool is up. Run pending migrations with:
{ok, _Versions} = kura_migrator:migrate(my_repo).
If you start the pool manually outside of kura_app (for example in a test setup), use kura_repo_worker:start/1 first.
Basic CRUD
Insert
CS = kura_changeset:cast(my_user, #{}, #{~"name" => ~"Alice", ~"email" => ~"alice@example.com"}, [name, email]),
CS1 = kura_changeset:validate_required(CS, [name, email]),
{ok, User} = kura_repo_worker:insert(my_repo, CS1).
Read
%% By primary key
{ok, User} = kura_repo_worker:get(my_repo, my_user, 1),

%% By a composite primary key: pass a #{field => value} map
{ok, M} = kura_repo_worker:get(my_repo, membership, #{org_id => Org, user_id => User}),

%% All rows
{ok, Users} = kura_repo_worker:all(my_repo, kura_query:from(my_user)),

%% With conditions
Q = kura_query:where(kura_query:from(my_user), {name, ~"Alice"}),
{ok, Users} = kura_repo_worker:all(my_repo, Q).
Update
CS = kura_changeset:cast(my_user, User, #{~"name" => ~"Bob"}, [name]),
{ok, Updated} = kura_repo_worker:update(my_repo, CS).
Delete
CS = kura_changeset:cast(my_user, User, #{}, []),
{ok, Deleted} = kura_repo_worker:delete(my_repo, CS).


  

    Changesets

Changesets are the core data validation layer. They cast external parameters, track changes against existing data, validate fields, and declare database constraints.
Creating a Changeset
Use kura_changeset:cast/4 to create a changeset from a schema module, existing data, external params, and a list of allowed fields:
%% New record (empty data)
CS = kura_changeset:cast(my_user, #{}, Params, [name, email, age]).

%% Existing record (update)
CS = kura_changeset:cast(my_user, ExistingUser, Params, [name, email]).
Parameters can have binary or atom keys - they are normalized automatically. Only fields in the allowed list are cast. Values are automatically cast to the type defined in the schema.
Validations
Required Fields
CS1 = kura_changeset:validate_required(CS, [name, email]).
Checks that each field is present and non-blank (not undefined, null, or <<>>).
Format
CS1 = kura_changeset:validate_format(CS, email, ~"^[^@]+@[^@]+$").
Validates a binary field against a regex pattern.
Length
CS1 = kura_changeset:validate_length(CS, name, [{min, 2}, {max, 100}]).
CS2 = kura_changeset:validate_length(CS, code, [{is, 6}]).
Options: {min, N}, {max, N}, {is, N}. Works on binaries (byte size) and lists (length).
Number
CS1 = kura_changeset:validate_number(CS, age, [{greater_than_or_equal_to, 0}, {less_than, 150}]).
Options: {greater_than, N}, {less_than, N}, {greater_than_or_equal_to, N}, {less_than_or_equal_to, N}, {equal_to, N}.
Inclusion
CS1 = kura_changeset:validate_inclusion(CS, role, [~"admin", ~"user", ~"guest"]).
Custom Validation
CS1 = kura_changeset:validate_change(CS, email, fun(Val) ->
    case binary:match(Val, ~"@") of
        nomatch -> {error, ~"must contain @"};
        _ -> ok
    end
end).
Constraint Declarations
Constraints map PostgreSQL constraint violations to friendly changeset errors on insert/update.
Automatic Registration via indexes/0
The recommended approach is to declare unique indexes on your schema. They are automatically registered as changeset constraints - no manual calls needed:
%% In your schema module
indexes() ->
    [{[email], #{unique => true}},
     {[username], #{unique => true}}].
When a PG unique violation fires on users_email_index, the changeset gets {email, <<"has already been taken">>} automatically.
Unique Constraint (Manual)
For cases where you need custom constraint names or messages:
CS1 = kura_changeset:unique_constraint(CS, email).

%% With custom constraint name and message
CS1 = kura_changeset:unique_constraint(CS, email, #{
    name => ~"users_email_index",
    message => ~"is already registered"
}).
Foreign Key Constraint
CS1 = kura_changeset:foreign_key_constraint(CS, team_id).
Check Constraint
CS1 = kura_changeset:check_constraint(CS, ~"users_age_check", age, #{
    message => ~"must be positive"
}).
Working with Changes
%% Get a changed value
Name = kura_changeset:get_change(CS, name).
Name = kura_changeset:get_change(CS, name, ~"default").

%% Get the effective field value (changes take precedence over data)
Email = kura_changeset:get_field(CS, email).

%% Manually set a change
CS1 = kura_changeset:put_change(CS, role, ~"admin").

%% Add a custom error
CS1 = kura_changeset:add_error(CS, email, ~"is not allowed").
Applying Changes
%% Merge changes into data (ignores validity)
Map = kura_changeset:apply_changes(CS).

%% Apply with action check - returns error if invalid
{ok, Map} = kura_changeset:apply_action(CS, insert).
{error, CS1} = kura_changeset:apply_action(InvalidCS, insert).
Error Handling
Errors are stored as [{atom(), binary()}] in the changeset's errors field. The valid field is false when any errors are present.
case kura_repo_worker:insert(my_repo, CS) of
    {ok, Record} ->
        %% success
        Record;
    {error, #kura_changeset{errors = Errors}} ->
        %% Errors is e.g. [{email, ~"has already been taken"}]
        Errors
end.


  

    Schemaless Changesets

Schemaless changesets let you validate data without defining a schema module. They are useful for validation-only scenarios like login forms, search filters, or API input where no database table is involved.
Creating a Schemaless Changeset
Pass a types map as the first argument to cast/4 instead of a schema module:
Types = #{email => string, password => string},
CS = kura_changeset:cast(Types, #{}, Params, [email, password]).
The types map uses the same type atoms as schema field definitions (string, integer, boolean, float, etc.).
Validation
All existing validators work on schemaless changesets:
Types = #{email => string, password => string},
CS = kura_changeset:cast(Types, #{}, Params, [email, password]),
CS1 = kura_changeset:validate_required(CS, [email, password]),
CS2 = kura_changeset:validate_format(CS1, email, ~"@"),
CS3 = kura_changeset:validate_length(CS2, password, [{min, 8}]).
Applying Changes
Use apply_action/2 to extract the validated data:
case kura_changeset:apply_action(CS, validate) of
    {ok, Data} ->
        %% Data is a map with changes merged into the base data
        Data;
    {error, CS1} ->
        %% CS1#kura_changeset.errors holds the errors
        CS1#kura_changeset.errors
end.
Constraints
Constraint declarations (unique_constraint, foreign_key_constraint) require an explicit name option on schemaless changesets, since there is no schema table to derive the default name from:
%% This works
CS1 = kura_changeset:unique_constraint(CS, email, #{name => ~"users_email_key"}).

%% This raises an error - no table to derive the constraint name
CS1 = kura_changeset:unique_constraint(CS, email).
check_constraint/3,4 works unchanged since it always requires an explicit constraint name.
Examples
Login Form
login(Params) ->
    Types = #{email => string, password => string},
    CS = kura_changeset:cast(Types, #{}, Params, [email, password]),
    CS1 = kura_changeset:validate_required(CS, [email, password]),
    CS2 = kura_changeset:validate_format(CS1, email, ~"@"),
    case kura_changeset:apply_action(CS2, validate) of
        {ok, #{email := Email, password := Password}} ->
            authenticate(Email, Password);
        {error, Changeset} ->
            {error, Changeset}
    end.
Search Params
parse_search(Params) ->
    Types = #{q => string, page => integer, per_page => integer},
    CS = kura_changeset:cast(Types, #{page => 1, per_page => 20}, Params, [q, page, per_page]),
    CS1 = kura_changeset:validate_number(CS, page, [{greater_than, 0}]),
    CS2 = kura_changeset:validate_number(CS1, per_page, [{greater_than, 0}, {less_than_or_equal_to, 100}]),
    kura_changeset:apply_action(CS2, validate).
Limitations
	Schemaless changesets cannot be persisted via kura_repo - they are validation-only
	Association casting (cast_assoc, put_assoc) is not supported on schemaless changesets
	The schema field on the changeset record is undefined



  

    Constraints and Indexes

This guide walks through translating SQL table definitions into Kura schemas, migrations, and changeset validations. If you're coming from SQL or Ecto, this will feel familiar.
From SQL to Kura
Let's start with a typical SQL table:
CREATE TABLE users
(
    id            UUID PRIMARY KEY,
    username      VARCHAR(255) NOT NULL UNIQUE,
    phone_number  VARCHAR(255) UNIQUE,
    email         VARCHAR(255) UNIQUE,
    avatar        VARCHAR(255),
    password      VARCHAR(255) NOT NULL,
    inserted_at   TIMESTAMPTZ NOT NULL,
    updated_at    TIMESTAMPTZ NOT NULL
);

CREATE UNIQUE INDEX users_username_index ON users (username);
CREATE UNIQUE INDEX users_email_index ON users (email);
CREATE UNIQUE INDEX users_phone_number_index ON users (phone_number)
    WHERE phone_number IS NOT NULL;
In Kura, this maps to three pieces: a schema, indexes, and a migration.
The Schema
-module(user).
-behaviour(kura_schema).
-include_lib("kura/include/kura.hrl").

-export([table/0, fields/0, indexes/0]).

table() -> ~"users".

fields() ->
    [#kura_field{name = id, type = uuid, primary_key = true, nullable = false},
     #kura_field{name = username, type = string, nullable = false},
     #kura_field{name = phone_number, type = string},
     #kura_field{name = email, type = string},
     #kura_field{name = avatar, type = string},
     #kura_field{name = password, type = string, nullable = false, virtual = true},
     #kura_field{name = password_hash, type = string, nullable = false},
     #kura_field{name = inserted_at, type = utc_datetime, nullable = false},
     #kura_field{name = updated_at, type = utc_datetime, nullable = false}].

indexes() ->
    [{[username], #{unique => true}},
     {[email], #{unique => true}},
     {[phone_number], #{unique => true, where => ~"phone_number IS NOT NULL"}}].
Key points:
	nullable = false maps to SQL NOT NULL
	primary_key = true maps to SQL PRIMARY KEY
	indexes/0 declares which columns get unique indexes
	virtual = true on password means it participates in casting/validation but is never stored in the database - you'd hash it before insert

The Migration
-module(m20260306120000_create_users).
-behaviour(kura_migration).
-include_lib("kura/include/kura.hrl").

-export([up/0, down/0]).

up() ->
    [{create_table, ~"users", [
        #kura_column{name = id, type = uuid, primary_key = true, nullable = false},
        #kura_column{name = username, type = string, nullable = false},
        #kura_column{name = phone_number, type = string},
        #kura_column{name = email, type = string},
        #kura_column{name = avatar, type = string},
        #kura_column{name = password_hash, type = string, nullable = false},
        #kura_column{name = inserted_at, type = utc_datetime, nullable = false},
        #kura_column{name = updated_at, type = utc_datetime, nullable = false}
    ]},
    {create_index, ~"users", [username], #{unique => true}},
    {create_index, ~"users", [email], #{unique => true}},
    {create_index, ~"users", [phone_number], #{unique => true,
        where => ~"phone_number IS NOT NULL"}}].

down() ->
    [{drop_index, ~"users_phone_number_index"},
     {drop_index, ~"users_email_index"},
     {drop_index, ~"users_username_index"},
     {drop_table, ~"users"}].
If you use rebar3_kura, the migration is generated automatically from your schema - you don't write it by hand.

The Changeset
Because indexes/0 declares unique indexes, Kura automatically registers changeset constraints. When a duplicate insert violates a unique index, you get a friendly error instead of a crash:
registration_changeset(Params) ->
    CS = kura_changeset:cast(user, #{}, Params, [username, email, phone_number, password]),
    CS1 = kura_changeset:validate_required(CS, [username, password]),
    CS2 = kura_changeset:validate_length(CS1, username, [{min, 3}, {max, 30}]),
    CS3 = kura_changeset:validate_length(CS2, password, [{min, 8}]),
    CS4 = kura_changeset:validate_format(CS3, email, ~"^[^@]+@[^@]+$"),
    hash_password(CS4).

%% Insert - constraint errors are handled automatically
case my_repo:insert(registration_changeset(Params)) of
    {ok, User} ->
        User;
    {error, #kura_changeset{errors = [{username, ~"has already been taken"}]}} ->
        %% username was a duplicate
        handle_error(username_taken)
end.
No manual unique_constraint/2 calls needed - the indexes/0 callback handles it.
Constraints
How Constraint Errors Work
When PostgreSQL rejects an insert or update due to a constraint violation, Kura maps the error back to a changeset field error instead of crashing. This mapping works through constraint declarations - records that say "if PG constraint X fires, put error Y on field Z".
There are three ways to declare constraints:
	indexes/0 - auto-registers unique constraints for indexes (recommended for single/multi-column unique)
	constraints/0 - auto-registers constraints for composite unique and check constraints
	Manual - unique_constraint/2, foreign_key_constraint/2, check_constraint/3 on the changeset

Unique Constraints
For single-column unique constraints, use indexes/0 (shown above). The constraint is registered automatically.
For composite unique constraints (multiple columns together), use constraints/0:
-module(participant).
-behaviour(kura_schema).
-include_lib("kura/include/kura.hrl").

-export([table/0, fields/0, constraints/0]).

table() -> ~"participants".

fields() ->
    [#kura_field{name = id, type = id, primary_key = true, nullable = false},
     #kura_field{name = chat_id, type = uuid, nullable = false},
     #kura_field{name = user_id, type = uuid, nullable = false}].

constraints() ->
    [{unique, [chat_id, user_id]}].
This auto-generates the constraint name participants_chat_id_user_id_key and maps violations to the first column (chat_id) with "has already been taken".
In the migration, declare it as a table-level constraint:
{create_table, ~"participants", [
    #kura_column{name = id, type = id, primary_key = true, nullable = false},
    #kura_column{name = chat_id, type = uuid, nullable = false},
    #kura_column{name = user_id, type = uuid, nullable = false}
], [{unique, [chat_id, user_id]}]}.
Foreign Key Constraints
Foreign keys are declared in migrations via references on #kura_column{}. To get friendly errors when a referenced row doesn't exist, declare the constraint on the changeset:
changeset(Params) ->
    CS = kura_changeset:cast(post, #{}, Params, [title, user_id]),
    CS1 = kura_changeset:validate_required(CS, [title, user_id]),
    kura_changeset:foreign_key_constraint(CS1, user_id).
Now if you insert a post with a user_id that doesn't exist:
{error, #kura_changeset{errors = [{user_id, ~"does not exist"}]}}
Instead of a raw PostgreSQL error.
Check Constraints
Check constraints enforce arbitrary SQL conditions. Declare them with constraints/0 on the schema or as table-level constraints in the migration:
%% Migration
{create_table, ~"orders", [
    #kura_column{name = id, type = id, primary_key = true},
    #kura_column{name = quantity, type = integer, nullable = false}
], [{check, ~"quantity > 0"}]}.
To map the violation to a field error, use check_constraint/3 on the changeset:
changeset(Params) ->
    CS = kura_changeset:cast(order, #{}, Params, [quantity]),
    kura_changeset:check_constraint(CS, ~"orders_check", quantity, #{
        message => ~"must be positive"
    }).
Or declare it on the schema with constraints/0:
constraints() ->
    [{check, ~"quantity > 0"}].
Auto-registered check constraints from constraints/0 use the name
{table}_check and report errors on the atom field base. If you want a
different name or want the error attached to a specific field, declare
the constraint with an explicit name in the migration via
{execute, ~"ALTER TABLE ... ADD CONSTRAINT ..."} and use
check_constraint/3,4 on the changeset to map it.
Manual Constraint Declarations
When you need custom constraint names or messages, use the manual functions:
CS1 = kura_changeset:unique_constraint(CS, email, #{
    name => ~"users_email_unique",
    message => ~"is already registered"
}),
CS2 = kura_changeset:foreign_key_constraint(CS1, team_id),
CS3 = kura_changeset:check_constraint(CS2, ~"positive_balance", balance, #{
    message => ~"cannot be negative"
}).
When to Use What
	Scenario	Use
	Single-column unique	indexes/0 with #{unique => true}
	Composite unique (e.g. join table)	constraints/0 with {unique, [cols]}
	Foreign key error mapping	foreign_key_constraint/2 on changeset
	Check constraint error mapping	constraints/0 with {check, expr} or check_constraint/3 on changeset
	Custom error messages	Manual unique_constraint/3, foreign_key_constraint/3, check_constraint/4

A More Complex Example: Foreign Keys and Composite Indexes
CREATE TABLE posts
(
    id          UUID PRIMARY KEY,
    title       VARCHAR(255) NOT NULL,
    body        TEXT,
    user_id     UUID NOT NULL REFERENCES users(id) ON DELETE CASCADE,
    inserted_at TIMESTAMPTZ NOT NULL,
    updated_at  TIMESTAMPTZ NOT NULL
);

CREATE INDEX posts_user_id_index ON posts (user_id);

CREATE TABLE posts_tags
(
    post_id UUID NOT NULL REFERENCES posts(id) ON DELETE CASCADE,
    tag_id  UUID NOT NULL REFERENCES tags(id) ON DELETE CASCADE,
    PRIMARY KEY (post_id, tag_id)
);
Schema
-module(post).
-behaviour(kura_schema).
-include_lib("kura/include/kura.hrl").

-export([table/0, fields/0, associations/0, indexes/0]).

table() -> ~"posts".

fields() ->
    [#kura_field{name = id, type = uuid, primary_key = true, nullable = false},
     #kura_field{name = title, type = string, nullable = false},
     #kura_field{name = body, type = text},
     #kura_field{name = user_id, type = uuid, nullable = false},
     #kura_field{name = inserted_at, type = utc_datetime, nullable = false},
     #kura_field{name = updated_at, type = utc_datetime, nullable = false}].

associations() ->
    [#kura_assoc{name = author, type = belongs_to, schema = user, foreign_key = user_id},
     #kura_assoc{name = tags, type = many_to_many, schema = tag,
                 join_through = ~"posts_tags", join_keys = {post_id, tag_id}}].

indexes() ->
    [{[user_id], #{}}].
Migration
-module(m20260306130000_create_posts).
-behaviour(kura_migration).
-include_lib("kura/include/kura.hrl").

-export([up/0, down/0]).

up() ->
    [{create_table, ~"posts", [
        #kura_column{name = id, type = uuid, primary_key = true, nullable = false},
        #kura_column{name = title, type = string, nullable = false},
        #kura_column{name = body, type = text},
        #kura_column{name = user_id, type = uuid, nullable = false,
                     references = {~"users", id}, on_delete = cascade},
        #kura_column{name = inserted_at, type = utc_datetime, nullable = false},
        #kura_column{name = updated_at, type = utc_datetime, nullable = false}
    ]},
    {create_index, ~"posts", [user_id], #{}},
    {create_table, ~"posts_tags", [
        #kura_column{name = post_id, type = uuid, nullable = false,
                     references = {~"posts", id}, on_delete = cascade},
        #kura_column{name = tag_id, type = uuid, nullable = false,
                     references = {~"tags", id}, on_delete = cascade}
    ], [{primary_key, [post_id, tag_id]}]}].

down() ->
    [{drop_table, ~"posts_tags"},
     {drop_index, ~"posts_user_id_index"},
     {drop_table, ~"posts"}].
Note:
	references = {~"users", id} generates REFERENCES "users"("id")
	on_delete = cascade generates ON DELETE CASCADE
	The join table declares a real composite PRIMARY KEY ("post_id", "tag_id") via the {primary_key, [post_id, tag_id]} table constraint. The matching schema declares key() -> [post_id, tag_id].
	Non-unique indexes use an empty map #{} for options

Upserts (ON CONFLICT)
When you have unique indexes, you can use upserts to handle conflicts gracefully at insert time:
%% Do nothing on conflict (skip the duplicate)
my_repo:insert(CS, #{on_conflict => {email, nothing}}).

%% Replace all fields on conflict
my_repo:insert(CS, #{on_conflict => {email, replace_all}}).

%% Replace specific fields on conflict
my_repo:insert(CS, #{on_conflict => {email, {replace, [name, updated_at]}}}).

%% Use a named constraint instead of a column
my_repo:insert(CS, #{on_conflict => {{constraint, ~"users_email_index"}, nothing}}).

%% Multi-column conflict target (matches a multi-column unique INDEX)
my_repo:insert(CS, #{on_conflict =>
    {{columns, [world_id, zone_x, zone_y]}, {replace, [updated_at, payload]}}}).
Use {columns, [...]} when your unique index spans multiple columns. kura_migration's
create_index ... #{unique => true} emits a unique INDEX (not a CONSTRAINT), so
ON CONFLICT (cols) is the form PostgreSQL accepts — {constraint, Name} only
works for indexes promoted to constraints (e.g. via ADD CONSTRAINT ... UNIQUE USING INDEX).
Column order in the target must match the index definition.
Quick Reference
	SQL	Kura Schema	Kura Migration
	NOT NULL	nullable = false	nullable = false
	PRIMARY KEY	primary_key = true	primary_key = true
	UNIQUE (single col)	indexes/0 with #{unique => true}	{create_index, T, [col], #{unique => true}}
	UNIQUE (multi col)	constraints/0 with {unique, [cols]}	4-tuple {create_table, T, Cols, [{unique, [cols]}]}
	REFERENCES	-	references = {Table, col} on #kura_column{}
	ON DELETE CASCADE	-	on_delete = cascade on #kura_column{}
	CHECK (expr)	constraints/0 with {check, Expr}	{check, Expr} in table constraints
	CREATE INDEX	indexes/0 with #{}	{create_index, T, [cols], #{}}
	CREATE UNIQUE INDEX ... WHERE	indexes/0 with #{unique => true, where => Expr}	{create_index, T, [cols], #{unique => true, where => Expr}}



  

    Query Builder

The query builder provides composable, functional query construction. Build queries by chaining functions, then execute with kura_repo_worker:all/2 or kura_repo_worker:one/2.
Basic Queries
%% All users
Q = kura_query:from(my_user),
{ok, Users} = kura_repo_worker:all(my_repo, Q).

%% With conditions
Q = kura_query:from(my_user),
Q1 = kura_query:where(Q, {active, true}),
{ok, Users} = kura_repo_worker:all(my_repo, Q1).
WHERE Conditions
Equality
kura_query:where(Q, {name, ~"Alice"}).
kura_query:where(Q, {name, '=', ~"Alice"}).
Comparison Operators
kura_query:where(Q, {age, '>', 18}).
kura_query:where(Q, {age, '>=', 18}).
kura_query:where(Q, {age, '<', 65}).
kura_query:where(Q, {age, '<=', 65}).
kura_query:where(Q, {age, '!=', 0}).
IN / NOT IN
kura_query:where(Q, {role, in, [~"admin", ~"moderator"]}).
kura_query:where(Q, {status, not_in, [~"banned", ~"deleted"]}).
BETWEEN
kura_query:where(Q, {age, between, {18, 65}}).
LIKE / ILIKE
kura_query:where(Q, {name, like, ~"A%"}).
kura_query:where(Q, {email, ilike, ~"%@example.com"}).
NULL Checks
kura_query:where(Q, {deleted_at, is_nil}).
kura_query:where(Q, {email, is_not_nil}).
Boolean Combinators
%% AND (multiple where calls are implicitly AND'd)
Q1 = kura_query:where(Q, {active, true}),
Q2 = kura_query:where(Q1, {age, '>', 18}).

%% Explicit AND
kura_query:where(Q, {'and', [{active, true}, {age, '>', 18}]}).

%% OR
kura_query:where(Q, {'or', [{role, ~"admin"}, {role, ~"moderator"}]}).

%% NOT
kura_query:where(Q, {'not', {banned, true}}).
Fragments
Raw SQL fragments with ? placeholders:
kura_query:where(Q, {fragment, ~"lower(?) = ?", [~"Email", ~"alice@example.com"]}).
SELECT
%% Specific fields
kura_query:select(Q, [name, email]).
ORDER BY
kura_query:order_by(Q, [{name, asc}]).
kura_query:order_by(Q, [{inserted_at, desc}, {name, asc}]).
LIMIT / OFFSET
Q1 = kura_query:limit(Q, 10),
Q2 = kura_query:offset(Q1, 20).
GROUP BY / HAVING
having/2 accepts the same condition shapes as where/2. To filter on an
aggregate, use a fragment:
Q1 = kura_query:group_by(Q, [role]),
Q2 = kura_query:having(Q1, {fragment, ~"count(*) > ?", [5]}).
A non-aggregate HAVING works with the regular tuple form too:
kura_query:having(Q1, {age, '>', 5}).
DISTINCT
%% Simple DISTINCT
kura_query:distinct(Q).

%% DISTINCT ON (PostgreSQL-specific)
kura_query:distinct(Q, [email]).
LOCK
kura_query:lock(Q, ~"FOR UPDATE").
kura_query:lock(Q, ~"FOR SHARE").
Schema Prefix
kura_query:prefix(Q, ~"my_schema").
JOINs
The On argument is {LeftCol, RightCol}. LeftCol is on the previous
table (the from for the first join, or the last joined table for chained
joins). RightCol is on the joined table.
Q = kura_query:from(my_user),
Q1 = kura_query:join(Q, inner, my_post, {id, user_id}).
%% => SELECT ... FROM "my_user"
%%      INNER JOIN "my_post" ON "my_user"."id" = "my_post"."user_id"

%% With alias
Q1 = kura_query:join(Q, left, my_post, {id, user_id}, p).
%% => ... LEFT JOIN "my_post" AS "p" ON ...
For chained joins the left side automatically advances to the just-joined
table, so column names are taken from there:
Q1 = kura_query:join(Q, inner, my_post, {id, user_id}),
Q2 = kura_query:join(Q1, inner, my_comment, {id, post_id}).
%% => ... INNER JOIN "my_comment" ON "my_post"."id" = "my_comment"."post_id"
Join types: inner, left, right, full.
Aggregates
%% COUNT(*)
Q1 = kura_query:count(Q),
{ok, [#{count := Count}]} = kura_repo_worker:all(my_repo, Q1).

%% COUNT(field)
kura_query:count(Q, email).

%% SUM / AVG / MIN / MAX
kura_query:sum(Q, amount).
kura_query:avg(Q, score).
kura_query:min(Q, price).
kura_query:max(Q, price).
Preloading (in queries)
See the Associations guide for preloading details.
Q = kura_query:from(my_post),
Q1 = kura_query:preload(Q, [author]),
{ok, Posts} = kura_repo_worker:all(my_repo, Q1).


  

    Associations

Kura supports belongs_to, has_one, has_many, and many_to_many associations with preloading. This guide covers both the schema-level association definitions and the database-level foreign keys that back them.
From SQL to Kura
A typical relational schema in SQL:
CREATE TABLE users (
    id UUID PRIMARY KEY,
    name VARCHAR(255) NOT NULL
);

CREATE TABLE posts (
    id UUID PRIMARY KEY,
    title VARCHAR(255) NOT NULL,
    body TEXT,
    user_id UUID NOT NULL REFERENCES users(id) ON DELETE CASCADE,
    inserted_at TIMESTAMPTZ NOT NULL,
    updated_at TIMESTAMPTZ NOT NULL
);

CREATE TABLE comments (
    id UUID PRIMARY KEY,
    body TEXT NOT NULL,
    post_id UUID NOT NULL REFERENCES posts(id) ON DELETE CASCADE,
    user_id UUID NOT NULL REFERENCES users(id) ON DELETE SET NULL
);

CREATE TABLE tags (
    id UUID PRIMARY KEY,
    name VARCHAR(255) NOT NULL
);

CREATE TABLE posts_tags (
    post_id UUID NOT NULL REFERENCES posts(id) ON DELETE CASCADE,
    tag_id UUID NOT NULL REFERENCES tags(id) ON DELETE CASCADE,
    PRIMARY KEY (post_id, tag_id)
);
In Kura, this involves two layers:
	Migrations - define foreign keys, cascade rules, and indexes at the database level
	Schemas - define associations for querying and preloading at the application level

The Migration
-module(m20260306120000_create_blog).
-behaviour(kura_migration).
-include_lib("kura/include/kura.hrl").

-export([up/0, down/0]).

up() ->
    [{create_table, ~"users", [
        #kura_column{name = id, type = uuid, primary_key = true, nullable = false},
        #kura_column{name = name, type = string, nullable = false}
    ]},
    {create_table, ~"posts", [
        #kura_column{name = id, type = uuid, primary_key = true, nullable = false},
        #kura_column{name = title, type = string, nullable = false},
        #kura_column{name = body, type = text},
        #kura_column{name = user_id, type = uuid, nullable = false,
                     references = {~"users", id}, on_delete = cascade},
        #kura_column{name = inserted_at, type = utc_datetime, nullable = false},
        #kura_column{name = updated_at, type = utc_datetime, nullable = false}
    ]},
    {create_index, ~"posts", [user_id], #{}},
    {create_table, ~"comments", [
        #kura_column{name = id, type = uuid, primary_key = true, nullable = false},
        #kura_column{name = body, type = text, nullable = false},
        #kura_column{name = post_id, type = uuid, nullable = false,
                     references = {~"posts", id}, on_delete = cascade},
        #kura_column{name = user_id, type = uuid,
                     references = {~"users", id}, on_delete = set_null}
    ]},
    {create_index, ~"comments", [post_id], #{}},
    {create_index, ~"comments", [user_id], #{}},
    {create_table, ~"tags", [
        #kura_column{name = id, type = uuid, primary_key = true, nullable = false},
        #kura_column{name = name, type = string, nullable = false}
    ]},
    {create_table, ~"posts_tags", [
        #kura_column{name = post_id, type = uuid, nullable = false,
                     references = {~"posts", id}, on_delete = cascade},
        #kura_column{name = tag_id, type = uuid, nullable = false,
                     references = {~"tags", id}, on_delete = cascade}
    ], [{unique, [post_id, tag_id]}]}].

down() ->
    [{drop_table, ~"posts_tags"},
     {drop_table, ~"tags"},
     {drop_table, ~"comments"},
     {drop_table, ~"posts"},
     {drop_table, ~"users"}].
Foreign Key Options
The #kura_column{} record supports:
	Field	Type	SQL Generated
	references	{Table, Column}	REFERENCES "table"("column")
	on_delete	cascade | restrict | set_null | no_action	ON DELETE ...
	on_update	cascade | restrict | set_null | no_action	ON UPDATE ...

Common patterns:
	cascade - delete the child when the parent is deleted (posts when user is deleted)
	set_null - set the FK to NULL when the parent is deleted (keep the comment, lose the author)
	restrict - prevent deleting the parent if children exist
	no_action - like restrict, but checked at end of transaction

The Schemas
Now define the associations at the application level:
-module(user).
-behaviour(kura_schema).
-include_lib("kura/include/kura.hrl").

-export([table/0, fields/0, associations/0]).

table() -> ~"users".

fields() ->
    [#kura_field{name = id, type = uuid, primary_key = true, nullable = false},
     #kura_field{name = name, type = string, nullable = false}].

associations() ->
    [#kura_assoc{name = posts, type = has_many, schema = post, foreign_key = user_id},
     #kura_assoc{name = comments, type = has_many, schema = comment, foreign_key = user_id}].
-module(post).
-behaviour(kura_schema).
-include_lib("kura/include/kura.hrl").

-export([table/0, fields/0, associations/0, indexes/0]).

table() -> ~"posts".

fields() ->
    [#kura_field{name = id, type = uuid, primary_key = true, nullable = false},
     #kura_field{name = title, type = string, nullable = false},
     #kura_field{name = body, type = text},
     #kura_field{name = user_id, type = uuid, nullable = false},
     #kura_field{name = inserted_at, type = utc_datetime, nullable = false},
     #kura_field{name = updated_at, type = utc_datetime, nullable = false}].

associations() ->
    [#kura_assoc{name = author, type = belongs_to, schema = user, foreign_key = user_id},
     #kura_assoc{name = comments, type = has_many, schema = comment, foreign_key = post_id},
     #kura_assoc{name = tags, type = many_to_many, schema = tag,
                 join_through = ~"posts_tags", join_keys = {post_id, tag_id}}].

indexes() ->
    [{[user_id], #{}}].
-module(comment).
-behaviour(kura_schema).
-include_lib("kura/include/kura.hrl").

-export([table/0, fields/0, associations/0]).

table() -> ~"comments".

fields() ->
    [#kura_field{name = id, type = uuid, primary_key = true, nullable = false},
     #kura_field{name = body, type = text, nullable = false},
     #kura_field{name = post_id, type = uuid, nullable = false},
     #kura_field{name = user_id, type = uuid}].

associations() ->
    [#kura_assoc{name = post, type = belongs_to, schema = post, foreign_key = post_id},
     #kura_assoc{name = author, type = belongs_to, schema = user, foreign_key = user_id}].
Defining Associations
belongs_to
The current schema holds the foreign key:
#kura_assoc{name = author, type = belongs_to, schema = my_user, foreign_key = user_id}.
on_delete declares the referential action for the foreign key this
association owns, so the cascade rule lives next to the association rather
than only in a hand-written migration:
#kura_assoc{name = author, type = belongs_to, schema = my_user,
            foreign_key = user_id, on_delete = cascade}.
Accepted values are cascade, restrict, set_null and no_action - the
four actions every dialect Kura ships renders identically. set_default is
rejected on purpose: PostgreSQL fails the delete when the column default is
not itself a valid parent key, SQLite only enforces it while foreign_keys
is on, and MySQL's InnoDB rejects it at DDL time.
Omitting on_delete means no_action, which is what a generated foreign
key has always emitted. Only belongs_to owns a foreign-key column, so
declaring on_delete on a has_one, has_many or many_to_many raises
{on_delete_not_owned, Name, Type} instead of being silently ignored.
rebar3 kura compile reads this field, so the generated migration carries
the ON DELETE clause without anyone hand-writing DDL.
has_many
The related schema holds the foreign key:
%% In my_user schema
associations() ->
    [#kura_assoc{name = posts, type = has_many, schema = my_post, foreign_key = user_id}].
has_one
Like has_many but returns a single record (or nil):
#kura_assoc{name = profile, type = has_one, schema = my_profile, foreign_key = user_id}.
Composite foreign keys
When the association's foreign key spans more than one column, use the
ref field with a #kura_ref{} instead of the single-column
schema + foreign_key. belongs_to, has_many, and has_one all
support it, and preloading works the same way.
%% a note whose (org_id, user_id) references a membership's composite key
#kura_assoc{name = membership, type = belongs_to,
            ref = #kura_ref{fields = [org_id, user_id], target = membership}}.

%% the reverse: a membership has_many notes keyed on the same pair
#kura_assoc{name = notes, type = has_many,
            ref = #kura_ref{fields = [org_id, user_id], target = membership_note}}.
ref.fields are the foreign-key columns; ref.target_key defaults to the
target schema's key/0 and only needs to be given when the referenced
columns differ from the target's key. A single-column foreign_key is the
one-element case of the same model.
Preloading
In Queries
Add preloads to a query - they are executed after the main query:
Q = kura_query:from(my_post),
Q1 = kura_query:preload(Q, [author]),
{ok, Posts} = kura_repo_worker:all(my_repo, Q1).
%% Each post now has an `author` key with the loaded user map (or `nil`).
Standalone Preloading
Preload associations on already-fetched records:
%% Single record
Post1 = kura_repo_worker:preload(my_repo, my_post, Post, [author]).

%% List of records
Posts1 = kura_repo_worker:preload(my_repo, my_post, Posts, [author]).
Nested Preloads
Preload associations on related records:
%% Preload author, then preload the author's posts
Q = kura_query:preload(kura_query:from(my_post), [{author, [posts]}]).

%% Standalone
Post1 = kura_repo_worker:preload(my_repo, my_post, Post, [{author, [posts]}]).
How Preloading Works
Preloading uses separate queries (not JOINs) for efficiency:
	Collect all foreign key values from the parent records
	Execute a single WHERE fk IN (...) query for the related records
	Map the results back to each parent record

This avoids N+1 queries and produces clean, predictable results.
	belongs_to: Looks up by the parent's foreign key → related primary key
	has_many: Looks up by the parent's primary key → related foreign key, returns a list
	has_one: Same as has_many but returns a single record or nil

Cascading Deletes
Cascade behaviour is handled at the database level via on_delete. Declare it on the #kura_assoc{} and let rebar3 kura compile generate the migration, or set it directly on #kura_column{} in a hand-written one. When you delete a parent record, PostgreSQL automatically handles the children:
%% Deleting a user cascades to their posts (on_delete = cascade)
CS = kura_changeset:cast(user, User, #{}, []),
{ok, _} = my_repo:delete(CS).
%% All posts by this user are automatically deleted by PostgreSQL
%% Comments on those posts are also deleted (post → comment cascade)
No Kura code needed - the database does the work.
Handling Foreign Key Errors
If you try to delete a record that has children with on_delete = restrict (or no_action, or none specified), PostgreSQL raises a foreign key violation. The constraint that fires is on the child table (typically <child_table>_<fk_col>_fkey), so the changeset must be told the actual constraint name to map - the default {table}_{field}_fkey derived from the parent schema will not match.
delete_changeset(User) ->
    CS = kura_changeset:cast(user, User, #{}, []),
    kura_changeset:foreign_key_constraint(CS, id, #{
        name => ~"posts_user_id_fkey",
        message => ~"has posts"
    }).

case my_repo:delete(delete_changeset(User)) of
    {ok, _} ->
        ok;
    {error, #kura_changeset{errors = [{id, ~"has posts"}]}} ->
        {error, has_children}
end.
Many-to-Many
Many-to-many associations use a join table:
#kura_assoc{name = tags, type = many_to_many, schema = tag,
            join_through = ~"posts_tags", join_keys = {post_id, tag_id}}.
	join_through - the join table name
	join_keys - {FK to self, FK to related}

When either side has a composite key, give the matching side of join_keys a
list of columns. A single atom is the one-element case of the same model.
%% a membership (composite key org_id + user_id) linked to tags through
%% a join table with (org_id, user_id, tag_id)
#kura_assoc{name = tags, type = many_to_many, schema = tag,
            join_through = ~"membership_tags",
            join_keys = {[org_id, user_id], [tag_id]}}.
Persisting via cast_assoc or put_assoc deletes existing join rows and inserts new ones. See the Nested Changesets guide for details.


  

    Nested Changesets: cast_assoc and put_assoc

cast_assoc and put_assoc let you build child changesets alongside a parent changeset. On insert or update, Kura persists the parent and children together in a transaction.
cast_assoc
Casts nested params from the parent changeset's params map into child changesets.
Params = #{
    title => ~"My Post",
    body => ~"Hello world",
    comments => [
        #{body => ~"Great post!"},
        #{body => ~"Thanks for sharing"}
    ]
},
CS = kura_changeset:cast(post, #{}, Params, [title, body]),
CS1 = kura_changeset:cast_assoc(CS, comments).
How It Works
	Looks up the association via kura_schema:association/2
	Gets nested params from the changeset params under the association name key
	If the key is missing, returns the changeset unchanged
	Builds child changesets using a default cast function (or a custom with function)
	For has_many: iterates the param list, setting action = insert (no PK) or action = update (PK matches an existing record)
	For has_one: single param map produces a single changeset
	Stores results in assoc_changes and sets valid = false if any child is invalid

The default cast function includes all non-virtual, non-primary-key, non-foreign-key fields as allowed:
%% Roughly equivalent to:
fun(Data, ChildParams) ->
    kura_changeset:cast(comment, Data, ChildParams, [body, ...])
end
Custom with Function
Override the default casting with a custom function that receives the existing data and child params:
WithFun = fun(Data, ChildParams) ->
    CS = kura_changeset:cast(comment, Data, ChildParams, [body]),
    kura_changeset:validate_required(CS, [body])
end,
CS1 = kura_changeset:cast_assoc(CS, comments, #{with => WithFun}).
Update Detection (has_many)
For has_many, Kura checks whether each child param map contains the primary key:
	No PK (or PK is undefined): builds a new changeset with action = insert
	PK present: looks up the matching record from existing data, builds a changeset against it with action = update

%% Existing post with comments already loaded
ExistingPost = #{id => 1, title => ~"Old", comments => [
    #{id => 10, body => ~"Existing comment"}
]},
Params = #{
    title => ~"Updated",
    comments => [
        #{id => 10, body => ~"Edited comment"},  %% update (has PK)
        #{body => ~"New comment"}                  %% insert (no PK)
    ]
},
CS = kura_changeset:cast(post, ExistingPost, Params, [title]),
CS1 = kura_changeset:cast_assoc(CS, comments).
put_assoc
Directly set association changes from maps or pre-built changesets. Unlike cast_assoc, the values don't come from the changeset's params.
CS = kura_changeset:cast(post, #{}, Params, [title, body]),
CS1 = kura_changeset:put_assoc(CS, comments, [
    #{body => ~"Great!"},
    #{body => ~"Thanks!"}
]).
Maps are automatically coerced into changesets. You can also pass pre-built changesets directly:
ChildCS = kura_changeset:cast(comment, #{}, #{body => ~"Nice"}, [body]),
CS1 = kura_changeset:put_assoc(CS, comments, [ChildCS]).
Transaction Behavior
When a parent changeset has assoc_changes:
	A transaction is opened
	The parent is inserted or updated first
	Each child changeset is persisted with the foreign key automatically set to the parent's primary key value
	The parent row is returned with association data merged in

If assoc_changes is empty, the insert/update runs without transaction overhead.
cast_assoc vs put_assoc
		cast_assoc	put_assoc
	Source	Params from changeset	Maps or changesets you provide
	Casting	Automatic (or custom with)	Maps auto-cast, changesets used as-is
	Use case	Form/API input processing	Programmatic association building



  

    Embedded Schemas

Embedded schemas let you nest structured data inside a parent schema, stored as JSONB in PostgreSQL. They're useful for semi-structured data that doesn't need its own table - addresses, settings, metadata, tags, etc.
Kura supports two embed types:
	embeds_one - a single nested map
	embeds_many - a list of nested maps

Defining Embedded Schemas
An embedded schema is a regular kura_schema module. The behaviour
requires both table/0 and fields/0, even when the module never backs
its own table. By convention, return <<"_embedded">> from table/0 so
it is obviously not a real table.
-module(address).
-behaviour(kura_schema).
-include_lib("kura/include/kura.hrl").
-export([table/0, fields/0]).

table() -> ~"_embedded".

fields() ->
    [
        #kura_field{name = street, type = string},
        #kura_field{name = city, type = string},
        #kura_field{name = zip, type = string}
    ].
-module(tag).
-behaviour(kura_schema).
-include_lib("kura/include/kura.hrl").
-export([table/0, fields/0]).

table() -> ~"_embedded".

fields() ->
    [
        #kura_field{name = label, type = string},
        #kura_field{name = weight, type = integer}
    ].
Adding Embeds to a Parent Schema
Export an embeds/0 callback from the parent schema returning a list of #kura_embed{} records:
-module(profile).
-behaviour(kura_schema).
-include_lib("kura/include/kura.hrl").
-export([table/0, fields/0, embeds/0]).

table() -> ~"profiles".

fields() ->
    [
        #kura_field{name = id, type = id},
        #kura_field{name = name, type = string},
        #kura_field{name = bio, type = text}
    ].

embeds() ->
    [
        #kura_embed{name = address, type = embeds_one, schema = address},
        #kura_embed{name = tags, type = embeds_many, schema = tag}
    ].
The corresponding migration defines the embed columns as JSONB:
up() ->
    [{create_table, ~"profiles", [
        #kura_column{name = id, type = id, primary_key = true},
        #kura_column{name = name, type = string, nullable = false},
        #kura_column{name = bio, type = text},
        #kura_column{name = address, type = jsonb},
        #kura_column{name = tags, type = jsonb, default = []},
        #kura_column{name = inserted_at, type = utc_datetime, nullable = false},
        #kura_column{name = updated_at, type = utc_datetime, nullable = false}
    ]}].
Casting Embeds
Use kura_changeset:cast_embed/2 to cast nested params through the embedded schema's fields. Validation errors from the embedded schema bubble up to the parent changeset.
embeds_one
Pass a map of params for the embedded field:
Params = #{
    name => ~"Alice",
    bio => ~"Developer",
    address => #{street => ~"123 Main St", city => ~"Portland", zip => ~"97201"}
},
CS = kura_changeset:cast(profile, #{}, Params, [name, bio]),
CS1 = kura_changeset:cast_embed(CS, address),
%% CS1#kura_changeset.changes contains:
%%   #{name => ~"Alice",
%%     bio => ~"Developer",
%%     address => #{street => ~"123 Main St", city => ~"Portland", zip => ~"97201"}}
embeds_many
Pass a list of maps:
Params = #{
    name => ~"Alice",
    tags => [
        #{label => ~"important", weight => 10},
        #{label => ~"urgent", weight => 5}
    ]
},
CS = kura_changeset:cast(profile, #{}, Params, [name]),
CS1 = kura_changeset:cast_embed(CS, tags),
%% CS1#kura_changeset.changes contains:
%%   #{name => ~"Alice",
%%     tags => [
%%       #{label => ~"important", weight => 10},
%%       #{label => ~"urgent", weight => 5}
%%     ]}
Custom Validation with with
By default, cast_embed casts all non-virtual fields of the embedded schema. To apply custom validation or restrict fields, pass a with option - a function that takes existing data and params, and returns a changeset:
WithFun = fun(_Data, EmbedParams) ->
    ChildCS = kura_changeset:cast(address, #{}, EmbedParams, [street, city]),
    kura_changeset:validate_required(ChildCS, [street, city])
end,

CS1 = kura_changeset:cast_embed(CS, address, #{with => WithFun})
This is useful when you want to:
	Require specific fields on the embed
	Only allow a subset of fields to be cast
	Add custom validations (length, format, etc.)

Error Handling
Type mismatches are caught automatically:
%% Passing a list where a map is expected
Params = #{name => ~"Alice", address => [1, 2, 3]},
CS = kura_changeset:cast(profile, #{}, Params, [name]),
CS1 = kura_changeset:cast_embed(CS, address),
%% CS1#kura_changeset.valid =:= false
%% CS1#kura_changeset.errors =:= [{address, ~"expected a map"}]
Validation errors from embedded schemas are merged into the parent:
WithFun = fun(_Data, EmbedParams) ->
    ChildCS = kura_changeset:cast(address, #{}, EmbedParams, [street, city, zip]),
    kura_changeset:validate_required(ChildCS, [street, city, zip])
end,

Params = #{name => ~"Alice", address => #{street => ~"123 Main St"}},
CS = kura_changeset:cast(profile, #{}, Params, [name]),
CS1 = kura_changeset:cast_embed(CS, address, #{with => WithFun}),
%% CS1#kura_changeset.valid =:= false
%% Errors include missing city and zip from the embedded changeset
Storage
Embedded schemas are stored as JSONB in PostgreSQL. Kura handles serialization automatically:
	On insert/update: Erlang maps are JSON-encoded before writing
	On load: JSONB values are decoded back into Erlang maps with atom keys

This means you can query embedded data using PostgreSQL's JSONB operators in raw SQL, while working with regular Erlang maps in application code.
When to Use Embedded Schemas
Good fit:
	Data that always belongs to the parent (addresses, settings, metadata)
	Semi-structured or variable data (form responses, config)
	Data that doesn't need independent querying or foreign keys

Consider a separate table instead when:
	The data needs its own associations
	You need to query or index the nested data frequently
	The data is shared across multiple parents



  

    Multi

kura_multi provides transaction pipelines that group multiple repo operations into a single atomic transaction. If any step fails, the entire transaction is rolled back.
Creating a Pipeline
Multi = kura_multi:new().
Adding Steps
Each step has a unique name (atom) and an operation.
Insert
CS = kura_changeset:cast(my_user, #{}, #{~"name" => ~"Alice"}, [name]),
M1 = kura_multi:insert(Multi, create_user, CS).
Update
CS = kura_changeset:cast(my_user, ExistingUser, #{~"name" => ~"Bob"}, [name]),
M1 = kura_multi:update(Multi, update_user, CS).
Delete
CS = kura_changeset:cast(my_user, User, #{}, []),
M1 = kura_multi:delete(Multi, delete_user, CS).
Run (arbitrary function)
M1 = kura_multi:run(Multi, send_email, fun(Results) ->
    User = maps:get(create_user, Results),
    %% do something...
    {ok, sent}
end).
Dynamic Steps with Functions
Steps can take a function that receives previous results, enabling dependent operations:
Multi = kura_multi:new(),
M1 = kura_multi:insert(Multi, create_user,
    kura_changeset:cast(my_user, #{}, #{~"name" => ~"Alice"}, [name])),
M2 = kura_multi:insert(M1, create_profile, fun(#{create_user := User}) ->
    kura_changeset:cast(my_profile, #{}, #{~"user_id" => maps:get(id, User)}, [user_id])
end).
Executing
case kura_repo_worker:multi(my_repo, Multi) of
    {ok, Results} ->
        %% Results is a map of step_name => result
        User = maps:get(create_user, Results),
        Profile = maps:get(create_profile, Results);
    {error, FailedStep, Value, Completed} ->
        %% FailedStep: atom name of the failed step
        %% Value: the error value
        %% Completed: map of successfully completed steps before failure
        io:format("Step ~p failed: ~p~n", [FailedStep, Value])
end.
Appending Multis
Combine two multi pipelines:
Combined = kura_multi:append(Multi1, Multi2).
Operations from Multi2 execute after Multi1. Per-multi add_operation
catches duplicate step names within a single multi (raises
{duplicate_step, Name}), but append/2 does not check across the two -
overlapping names will silently overwrite earlier results in the result
map. Use distinct step names yourself when appending.
Error Handling
	If a step returns {error, Value}, the transaction is rolled back
	For insert/update/delete steps, errors come from changeset validation or DB constraint violations
	For run steps, your function must return {ok, Result} or {error, Reason}
	Duplicate step names raise an error at build time: {duplicate_step, Name}



  

    Migrations

Kura migrations provide version-tracked DDL operations for managing your database schema.
Creating a Migration
Migration modules must:
	Be named m<YYYYMMDDHHMMSS>_<descriptive_name>
	Implement the kura_migration behaviour
	Export up/0 and down/0 returning a list of operations

-module(m20250101120000_create_users).
-behaviour(kura_migration).
-include_lib("kura/include/kura.hrl").

-export([up/0, down/0]).

up() ->
    [{create_table, ~"users", [
        #kura_column{name = id, type = id, primary_key = true},
        #kura_column{name = name, type = string, nullable = false},
        #kura_column{name = email, type = string, nullable = false},
        #kura_column{name = inserted_at, type = utc_datetime, nullable = false},
        #kura_column{name = updated_at, type = utc_datetime, nullable = false}
    ]}].

down() ->
    [{drop_table, ~"users"}].
Place migration files in src/migrations/ (or any subdirectory under src/). Kura automatically discovers them by scanning the application's compiled modules for names matching the m<YYYYMMDDHHMMSS>_<name> pattern - no configuration needed.
Since migrations are regular .erl files in src/, they are compiled normally by rebar3. If you use {src_dirs, [{"src", [{recursive, true}]}]} in your rebar.config, subdirectories like src/migrations/ are included automatically.
DDL Operations
Create Table
{create_table, ~"table_name", [
    #kura_column{name = id, type = id, primary_key = true},
    #kura_column{name = name, type = string, nullable = false},
    #kura_column{name = score, type = integer, default = 0},
    #kura_column{name = active, type = boolean, default = true}
]}.
Column options:
	primary_key - true | false (default: false)

	nullable - true | false (default: true)

	default - literal value (integer, float, binary, boolean) or undefined for none

A four-element create_table takes a list of table-level constraints as
its last argument. Use {primary_key, Cols} for a composite primary key
(rather than an inline primary_key = true column):
{create_table, ~"memberships", [
    #kura_column{name = org_id, type = uuid, nullable = false},
    #kura_column{name = user_id, type = uuid, nullable = false},
    #kura_column{name = role, type = string}
], [{primary_key, [org_id, user_id]}]}.
emits PRIMARY KEY ("org_id", "user_id"). The other table constraints are
{unique, Cols} and {check, SqlBinary}.
Drop Table
{drop_table, ~"table_name"}.
Alter Table
{alter_table, ~"users", [
    {add_column, #kura_column{name = bio, type = text}},
    {drop_column, old_field},
    {rename_column, old_name, new_name},
    {modify_column, score, float}
]}.
Create Index
Indexes use a map-based options format with auto-generated names following Ecto conventions ({table}_{columns}_index):
%% Simple unique index
{create_index, ~"users", [email], #{unique => true}}.
%% Generates: CREATE UNIQUE INDEX "users_email_index" ON "users" ("email")

%% Non-unique index
{create_index, ~"posts", [user_id], #{}}.
%% Generates: CREATE INDEX "posts_user_id_index" ON "posts" ("user_id")

%% Composite index
{create_index, ~"users", [first_name, last_name], #{}}.
%% Generates: CREATE INDEX "users_first_name_last_name_index" ON ...

%% Partial index
{create_index, ~"users", [email], #{unique => true, where => ~"email IS NOT NULL"}}.
%% Generates: CREATE UNIQUE INDEX "users_email_index" ON "users" ("email") WHERE email IS NOT NULL
The index name is auto-generated via kura_migration:index_name/2. If you need a custom name, the legacy 5-tuple format is still supported:
{create_index, ~"my_custom_idx", ~"users", [email], [unique]}.
Drop Index
{drop_index, ~"users_email_index"}.
Raw SQL
{execute, ~"ALTER TABLE users ADD CONSTRAINT age_check CHECK (age >= 0)"}.
Running Migrations
%% Run all pending migrations
{ok, AppliedVersions} = kura_migrator:migrate(my_repo).
All pending migrations run inside a single transaction. On Postgres, the
transaction is guarded by pg_advisory_xact_lock so concurrent nodes never
run migrations in parallel. SQLite (single-writer) relies on its serial
write-transaction semantics. The migrator gates the advisory-lock SQL on
the configured pool declaring the advisory_locks capability — backends
that don't declare it skip it. If any migration fails, the entire batch
rolls back and {error, Reason} is returned. The schema_migrations table
is updated row-by-row inside the same transaction, so partial progress is
impossible.
By default, migrate/1 also calls ensure_database/1 first, creating the
configured database if it does not yet exist. To disable, set
{kura, [{ensure_database, false}]} in your sys.config.
Migrations From More Than One Application
An application that extends another - shipping its own tables alongside the
host's - keeps its migrations in its own src/. Tell the repo about it with
the optional kura_repo callback migration_apps/0:
-module(my_repo).
-behaviour(kura_repo).
-export([otp_app/0, migration_apps/0]).

otp_app() -> my_app.

migration_apps() -> [my_gdpr_extension].
The application owning the repo module is always included, so the callback
lists only the extras. Discovery then scans every listed application.
The order comes from the OTP applications list in each .app file - the
dependency graph the release already declares. A dependency's migrations all
run before its dependents', regardless of version numbers, so an extension
can safely add a foreign key to a table the host application creates. An
application in between that ships no migrations of its own still orders the
two that do. Ties break alphabetically, so the order is stable across boots.
Two rules follow from schema_migrations recording versions and nothing
else:
	Versions are global. Two applications shipping the same
<YYYYMMDDHHMMSS> is an error - {error, {duplicate_migration_version, [{Version, [{App, Module}]}]}} - naming every claimant. Nothing runs.
	Every listed application must be loaded. One that is not gives
{error, {migration_apps_not_loaded, Apps}} rather than quietly
contributing no migrations.

There is no app column and no per-application version counter. Adding
migration_apps/0 to an existing repo needs no schema change and no
backfill.
Where to call migrate/1 from
"Every listed application must be loaded" rules out one tempting place:
the host application's own start/2.
An extension depends on its host, so the host's applications list does
not name it - the dependency points the other way. ensure_all_started(my_app)
therefore loads and starts my_app before anything that depends on it
is loaded, and a migrate/1 call inside my_app's start/2 hard-fails
with {error, {migration_apps_not_loaded, [my_gdpr_extension]}}. Nothing
is wrong with the configuration; the extension simply does not exist yet
at that instant.
A release does not have this problem: relx loads every application in
the boot script before starting any of them, so an extension named by
migration_apps/0 is loaded by the time the host starts. rebar3 shell,
ensure_all_started/1 in a test, and an escript building its own
application set all do.
Two ways out:
%% Explicit, and works everywhere - load before you migrate.
[application:load(A) || A <- [my_gdpr_extension]],
{ok, _} = kura_migrator:migrate(my_repo).
or move the call out of start/2 and into whatever starts the system
once every application is up - a release boot hook, or a top-level
main/1. Migrating from inside a supervisor's start-up also means a
failed migration takes the host down with a supervisor report rather
than a readable error, so it is worth moving regardless.
Rolling Back
%% Roll back the last migration
{ok, RolledBack} = kura_migrator:rollback(my_repo).

%% Roll back the last N migrations
{ok, RolledBack} = kura_migrator:rollback(my_repo, 3).
The window is the N highest applied versions - version is the only ordering
schema_migrations can offer. Within that window, migrations run in reverse
apply order, so a dependency's down/0 never runs before its dependents'.
Every version in the window must resolve to a migration module. One that
does not aborts the rollback with
{error, {unknown_applied_versions, Versions}} and changes nothing. The
usual cause is a migration module deleted from source while its
schema_migrations row remains. Versions outside the window are not
affected, so an old deleted migration does not block unrelated rollbacks.
Rolling back a repo with more than one application
rollback/1,2 refuses a repo whose migrations come from more than one
application:
{error, {ambiguous_rollback, [my_app, my_gdpr_extension]}} =
    kura_migrator:rollback(my_repo, 3).
A version window is the only window schema_migrations can express, and
across applications it stops meaning anything. "The last three" can take
one migration each from three unrelated extensions and leave every one of
them half-migrated. Worse, a version window is not even in dependency
order: a dependency's migration can carry the newer timestamp, so the
window can undo the thing a still-applied dependent is built on. Naming
one application is the only well-defined request, so kura makes you name
it:
%% Roll back the last 2 migrations of my_gdpr_extension only.
{ok, RolledBack} = kura_migrator:rollback(my_repo, my_gdpr_extension, 2).
rollback/3's window is the N highest applied versions among those the
named application's migrations claim, so no other application's
migrations can enter it whatever their timestamps are. An application not
in migration_apps/1 gives {error, {unknown_migration_app, App, Apps}}.
kura cannot check the other direction for you: schema_migrations records
no application, so it cannot tell that rolling an application back leaves a
dependent application's tables referencing something gone. Roll dependents
back first.
A single-application repo - every repo without migration_apps/0 - is not
a multi-application set, so rollback/1,2 are unchanged for it.
Checking Status
Status = kura_migrator:status(my_repo).
%% Returns: [{Version, Module, up | pending}, ...]
Baselining an Existing Database
When you adopt Kura on a database that already has tables - typically after
rebar3 kura gen_schemas introspects it into schema modules - the first
compile generates create_table migrations for tables that already exist,
and running them would fail. fake/1 records every pending migration as
applied without executing any DDL, so you can baseline and then migrate
for real from there.
%% Stamp the introspected baseline as applied (runs no DDL)
{ok, Faked} = kura_migrator:fake(my_repo).

%% Real migrations added later run normally
{ok, Applied} = kura_migrator:migrate(my_repo).
fake/1 stamps every pending migration, so only run it when each pending
migration corresponds to schema that already exists - check status/1 first.
The versions it stamps are logged at warning level. It runs under the same
advisory-locked transaction as migrate/1.
Baselining a repo with more than one application
fake/1 refuses a repo whose migrations come from more than one
application:
{error, {ambiguous_fake, [my_app, my_gdpr_extension]}} =
    kura_migrator:fake(my_repo).
This is the most destructive thing kura could otherwise be asked to do
quietly. Baselining is what you do to a database that already has the
tables - but an extension installed at the same time has none. Stamping
its migrations too records tables as created that were never created, and
because migrate/1 skips applied versions it will never create them
either. The first query against one of them fails at some unrelated
moment, with nothing in schema_migrations to suggest why.
Baseline one application at a time with fake/2, which leaves every other
application's migrations pending so migrate/1 still runs them for real:
%% The host's tables exist; stamp them.
{ok, _} = kura_migrator:fake(my_repo, my_app).

%% The extension is new; build its tables properly.
{ok, _} = kura_migrator:migrate(my_repo).
An application not in migration_apps/1 gives
{error, {unknown_migration_app, App, Apps}}.
Schema-Level Indexes
Instead of manually writing index operations in migrations, you can declare indexes on your schema module. This is the recommended approach - it keeps index definitions alongside your schema and allows rebar3_kura to auto-generate the migration operations for you.
-module(my_user).
-behaviour(kura_schema).
-include_lib("kura/include/kura.hrl").

-export([table/0, fields/0, indexes/0]).

table() -> ~"users".

fields() ->
    [#kura_field{name = id, type = uuid, primary_key = true, nullable = false},
     #kura_field{name = username, type = string, nullable = false},
     #kura_field{name = email, type = string},
     #kura_field{name = phone_number, type = string}].

indexes() ->
    [{[username], #{unique => true}},
     {[email], #{unique => true}},
     {[phone_number], #{unique => true, where => ~"phone_number IS NOT NULL"}}].
Unique indexes declared via indexes/0 are automatically registered as changeset constraints - no manual unique_constraint/2 calls needed. When the database raises a unique-constraint violation (mapped per dialect — users_email_index on Postgres, the equivalent on SQLite), it maps to {email, <<"has already been taken">>} on the changeset.
Schema Migrations Table
Kura automatically creates a schema_migrations table to track which migrations have been applied. This table is created on first use of migrate/1, fake/1, rollback/1, or status/1.
Creation runs under the migration advisory lock, in a transaction of its
own that commits before the migration transaction takes the lock again.
CREATE TABLE IF NOT EXISTS is not atomic against a concurrent creator -
two sessions can both pass the existence check, and the loser fails on
pg_type's unique index - so two nodes booting together need the lock to
create it safely, just as they do to run migrations.
If the statement fails - a role without CREATE on the schema, most
likely - the entry point returns
{error, {schema_migrations_failed, Reason}} instead of continuing on to
fail later against a table that was never created.


  

    Rolling Deployments

The Problem
During a rolling deployment, old and new versions of your application run
simultaneously. Migrations that remove or rename columns cause crashes on old
nodes that still reference those columns.
Timeline:
  Node A (old code) ──SELECT email FROM users──▶ 💥 column does not exist
  Node B (new code) ──migration: DROP COLUMN email──▶ ✓
Kura detects these dangerous operations at migration time and logs warnings.
Dangerous Operations
	Operation	Risk
	drop_column	Old code still queries the column
	rename_column	Old code still queries by original name
	modify_column	Type change may be incompatible with old code
	drop_table	Old code still references the table
	add_column (NOT NULL, no default)	Old code inserts without the column, violating the constraint

The Expand-Contract Pattern
Split dangerous migrations into safe steps across multiple deployments:
	Expand - Add the new structure alongside the old
	Deploy - Roll out code that works with both old and new structures
	Contract - Remove the old structure once all nodes use the new code

Drop a Column
Instead of:
up() -> [{alter_table, ~"users", [{drop_column, avatar}]}].
Do this in three steps:
	Deploy code that stops reading/writing avatar
	Run migration to drop the column:up() -> [{alter_table, ~"users", [{drop_column, avatar}]}].

safe() -> [{drop_column, avatar}].


Rename a Column
Instead of:
up() -> [{alter_table, ~"users", [{rename_column, name, full_name}]}].
Do this:
	Add the new column:up() -> [{alter_table, ~"users", [
    {add_column, #kura_column{name = full_name, type = string}}
]}].

	Backfill data: UPDATE users SET full_name = name
	Deploy code that reads from full_name and writes to both
	Deploy code that only uses full_name
	Drop the old column:up() -> [{alter_table, ~"users", [{drop_column, name}]}].

safe() -> [{drop_column, name}].


Add a Required Column
Instead of:
up() -> [{alter_table, ~"users", [
    {add_column, #kura_column{name = role, type = string, nullable = false}}
]}].
Do this:
	Add the column as nullable:up() -> [{alter_table, ~"users", [
    {add_column, #kura_column{name = role, type = string}}
]}].

	Deploy code that writes role on all inserts
	Backfill existing rows
	Set NOT NULL:up() -> [{execute, ~"ALTER TABLE users ALTER COLUMN role SET NOT NULL"}].


Change a Column Type
Instead of:
up() -> [{alter_table, ~"users", [{modify_column, age, text}]}].
Do this:
	Add a new column with the target type
	Backfill data with a type conversion
	Deploy code that reads from the new column
	Drop the old column

Suppressing Warnings
When you've followed the expand-contract pattern and are ready for the final
contraction step, implement the safe/0 callback to suppress the warning:
-module(m20250601120000_drop_legacy_avatar).
-behaviour(kura_migration).

up() ->
    [{alter_table, ~"users", [{drop_column, avatar}]}].

down() ->
    [{alter_table, ~"users", [
        {add_column, #kura_column{name = avatar, type = string}}
    ]}].

safe() ->
    [{drop_column, avatar}].
Each entry in the safe/0 list suppresses the warning for a specific operation:
	Entry	Suppresses
	{drop_column, Col}	Dropping column Col
	{rename_column, Col}	Renaming column Col
	{modify_column, Col}	Modifying column Col type
	{add_column, Col}	Adding NOT NULL column Col without default
	drop_table	Dropping the table

Warning Format
Warnings are emitted via logger:warning/2 before each migration runs:
Kura: unsafe operation in m20250601_drop_email: drop_column email on "users" -
  Deploy code that stops using the column first, then drop in a later migration


  

    Enum Types

Kura supports enum fields stored as VARCHAR(255) in PostgreSQL. No CREATE TYPE is needed -- values are validated at the application level.
Defining Enum Fields
Add an enum field to your schema with {enum, [atom()]}:
fields() ->
    [#kura_field{name = id, type = id, primary_key = true},
     #kura_field{name = title, type = string},
     #kura_field{name = status, type = {enum, [draft, published, archived]}}].
The allowed values are atoms. The field is stored as VARCHAR(255) in the database.
Casting
kura_types:cast/2 accepts atoms, binaries, and charlists. The value is validated against the allowed list and always returned as an atom:
kura_types:cast({enum, [draft, published]}, draft).
%% {ok, draft}

kura_types:cast({enum, [draft, published]}, ~"draft").
%% {ok, draft}

kura_types:cast({enum, [draft, published]}, "draft").
%% {ok, draft}

kura_types:cast({enum, [draft, published]}, ~"unknown").
%% {error, ~"is not a valid enum value"}
Binary and charlist inputs are converted using binary_to_existing_atom/2 and list_to_existing_atom/1 respectively. If the atom doesn't already exist in the VM, casting fails.
Dump (Erlang to PostgreSQL)
Atoms are converted to binaries for storage:
kura_types:dump({enum, [draft, published]}, draft).
%% {ok, ~"draft"}
Load (PostgreSQL to Erlang)
Binaries from the database are converted back to atoms:
kura_types:load({enum, [draft, published]}, ~"draft").
%% {ok, draft}
Load uses binary_to_existing_atom/2 and validates against the schema's
allowed list. If the value in the database is not in the current enum
list (or the atom does not yet exist in the VM), load returns
{error, ~"unknown enum value"} rather than crashing. Be careful when
removing values from an enum list - rows already containing the removed
value will fail to load until you migrate them.
Querying
Since enums are stored as VARCHAR(255), use binary values in where clauses:
Q = kura_query:from(post),
Q1 = kura_query:where(Q, {status, ~"published"}),
{ok, Posts} = my_repo:all(Q1).
Migration Behavior
Enum fields generate VARCHAR(255) columns. Adding or removing values from the enum list in your schema doesn't require a new migration since the underlying column type stays the same.
In rebar3_kura, the types_equal/2 function treats all {enum, _} tuples as equal:
types_equal({enum, _}, {enum, _}) -> true;
types_equal(A, B) -> A =:= B.
This prevents no-op ALTER TABLE statements when the only difference is the enum value list.


  

    Telemetry

Kura emits telemetry events for every database query. You can attach any handler - logging, metrics, OpenTelemetry - without Kura knowing about it.
Events
Kura emits a single event:
[kura, repo, query]
Emitted after every query execution.
Measurements:
	Key	Type	Description
	duration	integer()	Wall-clock time in native time units
	duration_us	integer()	Wall-clock time in microseconds

Metadata:
	Key	Type	Description
	query	binary()	The compiled SQL string
	params	[term()]	Bind parameters
	result	ok | error	Whether the query succeeded
	num_rows	integer()	Number of rows returned or affected
	repo	module()	The repo module that ran the query
	source	binary() | undefined	The table name extracted from the query
	tenant	undefined | {prefix, binary()} | {attribute, {atom(), term()}}	Current tenant (if any) at query time
	error_reason	term() | undefined	The error term when result =:= error

Attaching Handlers
Attach handlers at application startup using telemetry:attach/4:
%% In your application's start/2
start(_Type, _Args) ->
    telemetry:attach(
        ~"kura-logger",
        [kura, repo, query],
        fun ?MODULE:handle_query_event/4,
        #{}
    ),
    my_sup:start_link().

handle_query_event(_Event, Measurements, Metadata, _Config) ->
    logger:info("Kura ~s (~pus) [~p rows]", [
        maps:get(query, Metadata),
        maps:get(duration_us, Measurements),
        maps:get(num_rows, Metadata)
    ]).
Slow Query Logging
telemetry:attach(
    ~"kura-slow-queries",
    [kura, repo, query],
    fun(_, #{duration_us := D}, #{query := Q}, _) ->
        case D > 5000 of
            true -> logger:warning("Slow query (~pus): ~s", [D, Q]);
            false -> ok
        end
    end,
    #{}
).
Metrics with telemetry_metrics
If you use telemetry_metrics, define metrics against the Kura event:
[
    Telemetry.Metrics.distribution("kura.repo.query.duration",
        unit: {:native, :millisecond},
        tags: [:source, :result]
    ),
    Telemetry.Metrics.counter("kura.repo.query.count",
        tags: [:source, :result]
    )
]
OpenTelemetry
Use opentelemetry_kura to automatically create OpenTelemetry spans for every query:
%% In your application's start/2
opentelemetry_kura:setup().
See the opentelemetry_kura documentation for details.
Legacy Log Configuration
For backward compatibility, the {kura, [{log, ...}]} application environment is still supported. When set, it runs in addition to telemetry events.
%% sys.config
{kura, [
    {log, true}              %% Built-in logger (logger:info)
    %% {log, {M, F}}         %% Call M:F(Event) for each query
    %% {log, fun(E) -> ... end}  %% Runtime fun
]}.
The legacy log event map:
#{query => ~"SELECT ...",
  params => [1],
  result => ok,
  num_rows => 1,
  duration_us => 1500,
  repo => my_repo}
Recommendation: Prefer attaching telemetry handlers over the legacy log config. The telemetry approach is composable (multiple handlers), standard (same pattern as Ecto, Phoenix, etc.), and supports richer measurements.

Testing
build_telemetry_metadata/4 and extract_source/1 are exported for testing:
Meta = kura_repo_worker:build_telemetry_metadata(
    my_repo, ~"SELECT * FROM \"users\"", [], #{rows => []}
),
~"users" = maps:get(source, Meta).


  

    Lifecycle Hooks

Lifecycle hooks let you run custom logic before or after insert, update, and delete operations. They are defined directly on schema modules as optional callbacks.
Available Hooks
	Hook	Fires	Receives	Returns
	before_insert/1	Before a row is inserted	#kura_changeset{}	{ok, #kura_changeset{}} or {error, #kura_changeset{}}
	after_insert/1	After a row is inserted	map() (the loaded record)	{ok, map()} or {error, term()}
	before_update/1	Before a row is updated	#kura_changeset{}	{ok, #kura_changeset{}} or {error, #kura_changeset{}}
	after_update/1	After a row is updated	map() (the loaded record)	{ok, map()} or {error, term()}
	before_delete/1	Before a row is deleted	map() (the existing record)	ok or {error, term()}
	after_delete/1	After a row is deleted	map() (the deleted record)	ok or {error, term()}

All hooks are optional callbacks on kura_schema. If a hook is not defined, the operation proceeds as normal.
Implementing Hooks
Export the hook functions from your schema module:
-module(my_article).
-behaviour(kura_schema).

-include_lib("kura/include/kura.hrl").

-export([table/0, fields/0]).
-export([before_insert/1, after_insert/1, before_delete/1]).

table() -> ~"articles".

fields() ->
    [#kura_field{name = id, type = id, primary_key = true},
     #kura_field{name = title, type = string},
     #kura_field{name = slug, type = string},
     #kura_field{name = published, type = boolean},
     #kura_field{name = inserted_at, type = utc_datetime},
     #kura_field{name = updated_at, type = utc_datetime}].

before_insert(CS) ->
    Title = kura_changeset:get_change(CS, title, <<>>),
    Slug = slugify(Title),
    {ok, kura_changeset:put_change(CS, slug, Slug)}.

after_insert(Record) ->
    logger:info("Article created: ~p", [maps:get(id, Record)]),
    {ok, Record}.

before_delete(Record) ->
    case maps:get(published, Record) of
        true -> {error, cannot_delete_published};
        false -> ok
    end.
You only need to implement the hooks you care about. There is no need to define no-op hooks.
Before Hooks
Before hooks receive either a changeset (before_insert, before_update) or the existing record (before_delete). They run after changeset validations pass but before the SQL query executes.
Modifying the changeset
before_insert and before_update can modify the changeset before it reaches the database. This is useful for setting derived fields:
before_insert(CS) ->
    Password = kura_changeset:get_change(CS, password),
    Hash = hash_password(Password),
    {ok, kura_changeset:put_change(CS, password_hash, Hash)}.
Rejecting an operation
Return {error, Changeset} with errors added to reject the operation:
before_update(CS) ->
    case kura_changeset:get_change(CS, role) of
        ~"superadmin" ->
            {error, kura_changeset:add_error(CS, role, ~"cannot assign superadmin")};
        _ ->
            {ok, CS}
    end.
For before_delete, return {error, Reason} with any term:
before_delete(Record) ->
    case maps:get(status, Record) of
        ~"active" -> {error, cannot_delete_active_record};
        _ -> ok
    end.
After Hooks
After hooks receive the loaded record (a map) returned from the database. They run after the SQL query succeeds.
Triggering side effects
after_insert(Record) ->
    notify_subscribers(Record),
    {ok, Record}.

after_update(Record) ->
    invalidate_cache(maps:get(id, Record)),
    {ok, Record}.

after_delete(Record) ->
    cleanup_attachments(maps:get(id, Record)),
    ok.
Enriching the returned record
after_insert and after_update can modify the record returned to the caller:
after_insert(Record) ->
    {ok, Record#{computed_field => derive_value(Record)}}.
Error Handling and Transactions
Automatic transactions with after hooks
When a schema defines any after_* hook, Kura automatically wraps the entire operation in a database transaction. This is determined by kura_schema:has_after_hook/2 at call time.
If you only define before_* hooks and no after_* hooks, no extra transaction is created (the operation runs as a single statement).
Rolling back on error
When an after hook returns an error, the transaction is rolled back. The insert/update/delete that already executed is undone:
after_insert(Record) ->
    case send_welcome_email(Record) of
        ok ->
            {ok, Record};
        {error, Reason} ->
            %% The INSERT is rolled back - no row is persisted
            {error, Reason}
    end.
For before hooks, returning {error, Changeset} prevents the SQL from executing at all, so there is nothing to roll back.
Error propagation
The error from a hook propagates directly to the caller:
%% If before_insert returns {error, CS}, you get {error, CS}
%% If after_insert returns {error, Reason}, you get {error, Reason}
case kura_repo_worker:insert(MyRepo, CS) of
    {ok, Record} -> handle_success(Record);
    {error, #kura_changeset{} = ErrCS} -> handle_validation_error(ErrCS);
    {error, Reason} -> handle_after_hook_error(Reason)
end.
Common Use Cases
Derived fields -- Compute slugs, hashes, or denormalized values in before_insert/before_update.
Access control -- Reject operations based on business rules in before_* hooks.
Audit logging -- Record who changed what in after_insert/after_update/after_delete.
Cache invalidation -- Bust caches in after_update/after_delete.
Notifications -- Send emails, publish PubSub messages, or enqueue jobs in after_* hooks.
Cleanup -- Remove associated files or external resources in after_delete.
Best Practices
Keep hooks fast. Hooks run inside the request path (and possibly inside a transaction). Expensive work like sending emails should be dispatched to a background job rather than done synchronously.
Avoid circular calls. A hook that inserts or updates another schema with its own hooks can create unexpected chains. Be deliberate about hook interactions.
Use before hooks for data transformation. Deriving field values belongs in before_insert/before_update, not in changeset functions scattered across your application.
Use after hooks for side effects. Anything that should only happen when the database write succeeds belongs in after_* hooks.
Be aware of the transaction boundary. After hooks run inside a transaction. If your side effect fails and returns an error, the database write is rolled back. If you want fire-and-forget side effects that do not affect the write, return {ok, Record} or ok regardless of the side effect outcome.
Prefer kura_multi for complex workflows. If you need to coordinate multiple inserts/updates with rollback semantics, kura_multi gives you explicit control. Hooks are best for schema-local concerns.


  

    Audit Trail

Kura provides built-in audit trail support via kura_audit and kura_audit_log. Every insert, update, and delete on an audited schema is recorded in an audit_log table with full before/after snapshots and a diff of what changed.
Setup
1. Create the audit_log migration
The kura_audit module ships migration helpers that create the table and indexes for you:
-module(m20260320120000_create_audit_log).
-behaviour(kura_migration).
-include_lib("kura/include/kura.hrl").

-export([up/0, down/0]).

up() -> kura_audit:migration_up().
down() -> kura_audit:migration_down().
This creates the audit_log table with the following columns:
	Column	Type	Description
	id	id	Primary key
	table_name	string	Source table name
	record_id	string	Primary key of the affected record
	action	string	"insert", "update", or "delete"
	old_data	jsonb	Full record before the change (updates, deletes)
	new_data	jsonb	Full record after the change (inserts, updates)
	changes	jsonb	Diff of changed fields (updates only)
	actor	string	Who made the change
	metadata	jsonb	Additional context (IP address, request ID, etc.)
	inserted_at	utc_datetime	When the audit entry was created

Four indexes are created automatically: (table_name, record_id), (action), (actor), and (inserted_at).
2. Run the migration
{ok, _} = kura_migrator:migrate(my_repo).
The kura_audit_log Schema
kura_audit_log is a standard kura_schema behaviour module that backs the audit_log table. You can query it like any other schema:
%% Find all changes to a specific record
Q  = kura_query:from(kura_audit_log),
Q1 = kura_query:where(Q, {'and', [{table_name, ~"users"},
                                  {record_id, ~"42"}]}),
{ok, Entries} = my_repo:all(Q1).

%% Find all deletes by a specific actor
Q  = kura_query:from(kura_audit_log),
Q1 = kura_query:where(Q, {'and', [{action, ~"delete"},
                                  {actor, ~"admin-1"}]}),
{ok, Entries} = my_repo:all(Q1).
Integrating with Schema Hooks
To audit a schema, export the relevant lifecycle hooks and delegate to kura_audit:
-module(my_item).
-behaviour(kura_schema).

-include_lib("kura/include/kura.hrl").

-export([table/0, fields/0]).
-export([before_update/1, after_insert/1, after_update/1, after_delete/1]).

table() -> ~"items".

fields() ->
    [
        #kura_field{name = id, type = id, primary_key = true, nullable = false},
        #kura_field{name = name, type = string, nullable = false},
        #kura_field{name = value, type = integer},
        #kura_field{name = inserted_at, type = utc_datetime},
        #kura_field{name = updated_at, type = utc_datetime}
    ].

before_update(CS) ->
    kura_audit:stash(CS),
    {ok, CS}.

after_insert(Record) ->
    kura_audit:log(my_repo, ?MODULE, insert, Record),
    {ok, Record}.

after_update(Record) ->
    kura_audit:log(my_repo, ?MODULE, update, Record),
    {ok, Record}.

after_delete(Record) ->
    kura_audit:log(my_repo, ?MODULE, delete, Record),
    ok.
Each hook serves a specific purpose:
	before_update/1 -- Calls kura_audit:stash/1 to capture the old record data in the process dictionary before the UPDATE executes. This is required for diff computation.
	after_insert/1 -- Logs the new record. The audit entry stores the full record in new_data.
	after_update/1 -- Logs the updated record. The audit entry stores old_data, new_data, and a changes diff.
	after_delete/1 -- Logs the deleted record. The audit entry stores the full record in old_data.

Actor Context
The actor context identifies who made a change. It is stored in the process dictionary and automatically attached to every audit log entry.
Setting the actor
%% Simple: just an actor ID
kura_audit:set_actor(~"user-123").

%% With metadata (IP, request ID, etc.)
kura_audit:set_actor(~"user-123", #{
    ip => ~"192.168.1.1",
    request_id => ~"req-abc-456"
}).
Reading and clearing
%% Returns the actor binary, or undefined if not set
Actor = kura_audit:get_actor().

%% Remove actor context from the process
kura_audit:clear_actor().
Scoped actor with with_actor
with_actor/2,3 sets the actor for the duration of a function, then restores the previous actor (or clears it). This is the recommended approach for request handlers:
%% In a Nova controller
handle_delete(#{auth := #{user_id := UserId}}, _State) ->
    kura_audit:with_actor(UserId, fun() ->
        CS = kura_changeset:cast(my_item, Record, #{}, []),
        {ok, _} = my_repo:delete(CS)
    end),
    {json, 200, #{}, #{status => ~"deleted"}}.

%% With metadata
kura_audit:with_actor(~"admin-1", #{reason => ~"cleanup"}, fun() ->
    {ok, _} = my_repo:delete(CS)
end).
The previous actor is always restored in an after block, so it is safe even if the function raises.
How Update Diffs Work
For updates, the audit trail computes a field-level diff showing exactly what changed.
The mechanism uses two steps:
	Stash -- In before_update/1, kura_audit:stash/1 saves the changeset's current data (the old record) in the process dictionary, keyed by schema module.

	Diff -- In after_update/1, kura_audit:log/4 retrieves the stashed data and calls compute_diff/2. This compares each field in the old and new records, producing a map of only the fields that changed:


%% If name changed from "foo" to "bar" and value stayed the same:
#{name => #{old => ~"foo", new => ~"bar"}}
If stash/1 was not called (i.e., before_update/1 is missing), the update is still logged but without old_data or changes -- only new_data is recorded.
Virtual fields are automatically excluded from audit data.
JSON-Safe Serialization
Since audit data is stored as JSONB, all values are sanitized before insertion:
	Datetimes ({{Y,M,D},{H,Mi,S}}) are converted to ISO 8601 strings: "2026-03-20T12:00:00Z"
	Dates ({Y,M,D}) are converted to "2026-03-20"
	Atoms (other than true, false, null) are converted to binary strings
	undefined is converted to null
	Nested maps and lists are recursively sanitized

This means you do not need to worry about Erlang-specific types breaking JSON encoding.
Best Practices
	Always set actor context. Without it, audit entries have null for the actor field, making it impossible to trace who made a change.

	Use with_actor/2,3 for request scope. This ensures the actor is always cleaned up, even on errors. Set it once at the top of your request handler or middleware.

	Always implement before_update/1 with stash/1. Without it, updates lose the old data and diff. The insert and delete hooks alone are not sufficient for full audit coverage.

	Keep metadata small. The metadata field is useful for request IDs, IP addresses, or reason codes. Avoid putting large payloads in it.

	Query audit logs with indexes in mind. The default indexes cover (table_name, record_id), action, actor, and inserted_at. Filter by these columns for efficient lookups.

	Consider retention. Audit logs grow indefinitely. Plan a retention strategy (e.g., archiving old entries, partitioning by date) for production systems.




  

    Pagination

Kura provides two pagination strategies through kura_paginator: offset-based and cursor-based. Both work on top of standard kura_query queries.
Offset-Based Pagination
Offset-based pagination fetches a numbered page of results along with total counts. This is the simplest approach and works well for small-to-medium datasets where you need page numbers in the UI.
Q = kura_query:from(my_user),
{ok, Page} = kura_paginator:paginate(my_repo, Q, #{page => 2, page_size => 25}).
The returned map contains:
#{
    entries => [#{id => 26, name => ~"Alice"}, ...],
    page => 2,
    page_size => 25,
    total_entries => 150,
    total_pages => 6
}
Both page and page_size are optional. They default to 1 and 20 respectively:
%% First page, 20 entries per page
{ok, Page} = kura_paginator:paginate(my_repo, Q, #{}).
You can combine pagination with any query filters or ordering:
Q = kura_query:from(my_user),
Q1 = kura_query:where(Q, {active, true}),
Q2 = kura_query:order_by(Q1, [{name, asc}]),
{ok, Page} = kura_paginator:paginate(my_repo, Q2, #{page => 1, page_size => 10}).
Total Pages Helper
total_pages/2 computes the number of pages for a given total and page size:
8 = kura_paginator:total_pages(150, 20).
0 = kura_paginator:total_pages(0, 20).
1 = kura_paginator:total_pages(1, 20).
Cursor-Based Pagination
Cursor-based (keyset) pagination navigates through results using a cursor value rather than page numbers. It avoids COUNT(*) and OFFSET scanning, making it significantly faster for large datasets.
Q = kura_query:from(my_user),
{ok, Page} = kura_paginator:cursor_paginate(my_repo, Q, #{limit => 20}).
The returned map contains:
#{
    entries => [#{id => 1, name => ~"Alice"}, ...],
    has_next => true,
    has_prev => false,
    start_cursor => 1,
    end_cursor => 20
}
Navigating Forward
Use the end_cursor from the previous page as the after value:
{ok, Page1} = kura_paginator:cursor_paginate(my_repo, Q, #{limit => 20}),
EndCursor = maps:get(end_cursor, Page1),
{ok, Page2} = kura_paginator:cursor_paginate(my_repo, Q, #{
    limit => 20,
    'after' => EndCursor
}).
Navigating Backward
Use the start_cursor from the current page as the before value:
StartCursor = maps:get(start_cursor, Page2),
{ok, PrevPage} = kura_paginator:cursor_paginate(my_repo, Q, #{
    limit => 20,
    before => StartCursor
}).
Custom Cursor Field
By default, cursor pagination uses the id field. You can paginate on any field:
{ok, Page} = kura_paginator:cursor_paginate(my_repo, Q, #{
    limit => 20,
    cursor_field => created_at
}).
Options
	Option	Default	Description
	limit	20	Maximum entries to return
	cursor_field	id	Field to paginate on
	after	undefined	Fetch entries after this cursor value (forward)
	before	undefined	Fetch entries before this cursor value (backward)

Passing both after and before simultaneously raises badarg.
When to Use Which
Offset-based is a good fit when:
	You need numbered pages (e.g., "Page 3 of 12")
	The dataset is small to moderate
	Users need to jump to arbitrary pages

Cursor-based is a good fit when:
	The dataset is large (offset scanning gets slower as page numbers increase)
	You only need next/previous navigation (infinite scroll, "Load More")
	Consistent performance matters regardless of how deep into the results you are
	Results may change between requests (offsets can skip or duplicate rows when data is inserted/deleted)



  

    Streaming

kura_stream provides server-side cursor streaming for processing large result sets in batches without loading everything into memory at once.
How It Works
Under the hood, streaming runs inside a PostgreSQL transaction and uses server-side cursors:
	DECLARE CURSOR opens a named cursor for the query
	FETCH N retrieves the next batch of rows
	Your callback processes each batch
	Steps 2-3 repeat until no more rows are returned
	CLOSE cleans up the cursor (guaranteed via after block)

This means rows are fetched on demand from PostgreSQL rather than buffered in the BEAM VM.
Basic Usage
Pass a query and a callback function. The callback receives a list of loaded schema maps for each batch:
Q = kura_query:from(my_user),
ok = kura_stream:stream(my_repo, Q, fun(Batch) ->
    lists:foreach(fun(User) ->
        io:format(~"Processing: ~p~n", [maps:get(name, User)])
    end, Batch),
    ok
end).
The default batch size is 500 rows.
Custom Batch Size
Use the batch_size option to control how many rows are fetched per FETCH:
Q = kura_query:from(my_event),
ok = kura_stream:stream(my_repo, Q, fun(Batch) ->
    process_events(Batch),
    ok
end, #{batch_size => 100}).
Smaller batch sizes use less memory per iteration but require more round trips to PostgreSQL. Larger batch sizes reduce round trips but increase memory usage per batch.
Use Cases
Exporting Data
export_users_to_csv(Repo) ->
    Q = kura_query:where(kura_query:from(my_user), {active, true}),
    {ok, File} = file:open(~"/tmp/users.csv", [write]),
    ok = kura_stream:stream(Repo, Q, fun(Batch) ->
        lists:foreach(fun(User) ->
            Line = io_lib:format(~"~s,~s~n", [
                maps:get(name, User),
                maps:get(email, User)
            ]),
            file:write(File, Line)
        end, Batch),
        ok
    end, #{batch_size => 1000}),
    file:close(File).
Batch Updates
Q = kura_query:where(kura_query:from(my_user), {verified, false}),
ok = kura_stream:stream(my_repo, Q, fun(Batch) ->
    lists:foreach(fun(User) ->
        CS = kura_changeset:cast(my_user, User, #{}, []),
        CS1 = kura_changeset:put_change(CS, verified, true),
        {ok, _} = kura_repo_worker:update(my_repo, CS1)
    end, Batch),
    ok
end, #{batch_size => 200}).
Error Handling
If the callback or any database operation fails, the transaction is rolled back and stream/3,4 returns {error, Reason}:
case kura_stream:stream(my_repo, Q, fun(Batch) ->
    process(Batch),
    ok
end) of
    ok -> done;
    {error, Reason} -> logger:error(~"Stream failed: ~p", [Reason])
end.
Important Notes
	The entire stream runs inside a single PostgreSQL transaction. Long-running streams hold a connection and a transaction open for the duration.
	Schema types are properly loaded for each row, just like kura_repo_worker:all/2.
	Queries can include filters, ordering, and joins -- any valid kura_query works.



  

    Multitenancy

kura_tenant provides process dictionary-based multitenancy with two strategies: schema prefix and attribute-based. Once a tenant is set, all Kura repo operations in that process are automatically scoped.
Backend note: the schema-prefix strategy uses PostgreSQL schemas. SQLite has no schema concept; for multi-tenant SQLite use one database file per tenant or ATTACH DATABASE. The attribute-based strategy works on any backend.

Strategies
Schema Prefix
Uses PostgreSQL schemas to isolate tenant data. Each tenant has its own schema (e.g., tenant_acme.users instead of public.users).
kura_tenant:put_tenant({prefix, ~"tenant_acme"}).

%% All queries now target the "tenant_acme" schema
{ok, Users} = kura_repo_worker:all(my_repo, kura_query:from(my_user)).
%% SELECT * FROM "tenant_acme"."users"
Attribute-Based
Uses a shared table with a tenant identifier column. Queries automatically add a WHERE clause and inserts automatically include the tenant value.
kura_tenant:put_tenant({attribute, {org_id, 42}}).

%% Queries are scoped
{ok, Users} = kura_repo_worker:all(my_repo, kura_query:from(my_user)).
%% SELECT * FROM "users" WHERE "org_id" = 42

%% Inserts include the tenant attribute automatically
CS = kura_changeset:cast(my_user, #{}, #{~"name" => ~"Alice"}, [name]),
{ok, User} = kura_repo_worker:insert(my_repo, CS).
%% The inserted row has org_id = 42
API
Setting a Tenant
kura_tenant:put_tenant({prefix, ~"tenant_acme"}).
kura_tenant:put_tenant({attribute, {org_id, 42}}).
Returns the previously set tenant (or undefined).
Getting the Current Tenant
case kura_tenant:get_tenant() of
    {prefix, Prefix} -> Prefix;
    {attribute, {Field, Value}} -> {Field, Value};
    undefined -> no_tenant
end.
Clearing the Tenant
kura_tenant:clear_tenant().
Returns the tenant that was cleared (or undefined).
Temporary Tenant Scope
with_tenant/2 sets a tenant for the duration of a function call, then restores the previous tenant:
kura_tenant:put_tenant({prefix, ~"tenant_acme"}).

Result = kura_tenant:with_tenant({prefix, ~"tenant_other"}, fun() ->
    %% Inside here, tenant is "tenant_other"
    kura_repo_worker:all(my_repo, kura_query:from(my_user))
end).

%% Tenant is back to "tenant_acme" here
This is useful when you need to temporarily access a different tenant's data without affecting the surrounding context.
How Scoping Works
Tenant scoping is applied automatically by kura_repo_worker:
	Queries (all, one, update_all, delete_all): the tenant filter is applied before the query is compiled to SQL.
	Inserts: for attribute-based tenancy, the tenant field and value are merged into the changeset's changes before the INSERT is executed.
	Schema prefix: if the query already has an explicit prefix set, the tenant prefix is not overridden.

When to Use Which
Schema prefix is a good fit when:
	You need strong data isolation between tenants
	Each tenant may have schema-level customizations
	You are willing to manage per-tenant PostgreSQL schemas (migrations run per schema)

Attribute-based is a good fit when:
	You want simpler infrastructure (single schema, single set of migrations)
	Data isolation at the application level is sufficient
	You have many tenants and creating individual schemas is impractical

Usage in Web Applications
In a Nova handler or middleware, set the tenant early in the request lifecycle:
pre_request(Req, State) ->
    TenantId = get_tenant_from_request(Req),
    kura_tenant:put_tenant({attribute, {org_id, TenantId}}),
    {ok, Req, State}.
Since Cowboy spawns a process per request, the tenant is naturally isolated between concurrent requests. Remember to clear the tenant if the process is reused.


  

    Optimistic Locking

Optimistic locking prevents lost updates when multiple processes try to modify the same record concurrently. Instead of acquiring database locks, it checks that the record has not changed since it was read.
How It Works
	Your schema has a lock_version field (integer, defaults to 0)
	When you update, optimistic_lock/2 increments lock_version in the changeset
	The generated UPDATE query includes WHERE lock_version = <old_value>
	If another process updated the record first (changing lock_version), the WHERE clause matches zero rows and Kura returns {error, stale}

Schema Setup
Add a lock_version integer field to your schema:
-module(my_product).
-behaviour(kura_schema).
-include_lib("kura/include/kura.hrl").

-export([table/0, fields/0]).

table() -> ~"products".

fields() ->
    [#kura_field{name = id, type = id, primary_key = true, nullable = false},
     #kura_field{name = name, type = string, nullable = false},
     #kura_field{name = price, type = integer, nullable = false},
     #kura_field{name = lock_version, type = integer,
                 nullable = false, default = 0}].
Make sure the corresponding migration includes the column:
-module(m20260101120000_create_products).
-behaviour(kura_migration).
-include_lib("kura/include/kura.hrl").

-export([up/0, down/0]).

up() ->
    [{create_table, ~"products", [
        #kura_column{name = id, type = id, primary_key = true},
        #kura_column{name = name, type = string, nullable = false},
        #kura_column{name = price, type = integer, nullable = false},
        #kura_column{name = lock_version, type = integer,
                     nullable = false, default = 0}
    ]}].

down() ->
    [{drop_table, ~"products"}].
Using Optimistic Locking
Apply kura_changeset:optimistic_lock/2 to your changeset before updating:
update_price(Repo, Product, NewPrice) ->
    CS = kura_changeset:cast(my_product, Product, #{~"price" => NewPrice}, [price]),
    CS1 = kura_changeset:optimistic_lock(CS, lock_version),
    kura_repo_worker:update(Repo, CS1).
optimistic_lock/2 does two things:
	Puts a change that increments the lock field (e.g., lock_version goes from 0 to 1)
	Marks the changeset so that the repo worker generates a WHERE lock_version = 0 clause on the UPDATE

Handling Stale Records
When a conflict is detected, the update returns {error, stale}. You typically want to re-fetch the record and retry or inform the user:
case update_price(my_repo, Product, 2999) of
    {ok, Updated} ->
        Updated;
    {error, stale} ->
        %% Record was modified by another process since we read it.
        %% Re-fetch and decide what to do.
        {ok, Fresh} = kura_repo_worker:get(my_repo, my_product, maps:get(id, Product)),
        %% Retry or return a conflict error to the caller
        update_price(my_repo, Fresh, 2999)
end.
Concurrent Update Example
Consider two processes reading the same product and then updating it:
Process A                          Process B
─────────                          ─────────
Read product (lock_version = 0)
                                   Read product (lock_version = 0)
Update price to 2999
  UPDATE ... SET lock_version=1
  WHERE lock_version=0
  → {ok, Updated}
                                   Update price to 3999
                                     UPDATE ... SET lock_version=1
                                     WHERE lock_version=0
                                     → {error, stale}
                                     (no rows matched!)
Process B's update fails because lock_version is now 1 in the database, not 0 as expected. This prevents Process B from silently overwriting Process A's change.
Important Notes
	The lock field can be any integer field, not just lock_version -- pass whatever atom your schema uses to optimistic_lock/2.
	Optimistic locking only applies to updates. Inserts and deletes are unaffected.
	If you forget to call optimistic_lock/2, the update proceeds without the lock check (standard behavior).
	This approach works best when conflicts are rare. If conflicts are frequent, consider pessimistic locking (SELECT ... FOR UPDATE) via kura_query:lock/2 instead.



  

    Testing

Kura provides kura_sandbox for isolating database tests. Each test runs inside a transaction that is rolled back at the end, so tests don't interfere with each other and no test data persists.
Setup
Start the repo pool once (in your test suite setup), then use checkout/checkin around each test.
Common Test
-module(my_app_SUITE).
-include_lib("common_test/include/ct.hrl").
-include_lib("kura/include/kura.hrl").

-export([all/0, init_per_suite/1, end_per_suite/1,
         init_per_testcase/2, end_per_testcase/2]).
-export([create_user_test/1, duplicate_email_test/1]).

all() -> [create_user_test, duplicate_email_test].

init_per_suite(Config) ->
    ok = application:ensure_all_started(kura),
    ok = kura_repo_worker:start(my_repo),
    {ok, _} = kura_migrator:migrate(my_repo),
    Config.

end_per_suite(_Config) ->
    ok.

init_per_testcase(_TestCase, Config) ->
    kura_sandbox:checkout(my_repo),
    Config.

end_per_testcase(_TestCase, _Config) ->
    kura_sandbox:checkin(my_repo),
    ok.

create_user_test(_Config) ->
    CS = kura_changeset:cast(user, #{}, #{
        ~"username" => ~"alice",
        ~"email" => ~"alice@example.com",
        ~"password" => ~"secret123"
    }, [username, email, password]),
    CS1 = kura_changeset:validate_required(CS, [username, email]),
    {ok, User} = kura_repo_worker:insert(my_repo, CS1),
    ~"alice" = maps:get(username, User).

duplicate_email_test(_Config) ->
    Params = #{~"username" => ~"bob",
               ~"email" => ~"bob@example.com"},
    CS = kura_changeset:cast(user, #{}, Params, [username, email]),
    {ok, _} = kura_repo_worker:insert(my_repo, CS),

    %% Second insert with same email
    CS2 = kura_changeset:cast(user, #{}, Params#{~"username" => ~"bob2"}, [username, email]),
    {error, ErrCS} = kura_repo_worker:insert(my_repo, CS2),
    [{email, ~"has already been taken"}] = ErrCS#kura_changeset.errors.
EUnit
-module(my_app_tests).
-include_lib("eunit/include/eunit.hrl").
-include_lib("kura/include/kura.hrl").

my_app_test_() ->
    {setup,
        fun setup/0,
        fun teardown/1,
        {foreach,
            fun() -> kura_sandbox:checkout(my_repo) end,
            fun(_) -> kura_sandbox:checkin(my_repo) end,
            [fun insert_test/1,
             fun query_test/1]}}.

setup() ->
    ok = application:ensure_all_started(kura),
    ok = kura_repo_worker:start(my_repo),
    {ok, _} = kura_migrator:migrate(my_repo).

teardown(_) ->
    ok.

insert_test(_) ->
    fun() ->
        CS = kura_changeset:cast(user, #{}, #{~"name" => ~"Alice"}, [name]),
        {ok, User} = kura_repo_worker:insert(my_repo, CS),
        ?assertEqual(~"Alice", maps:get(name, User))
    end.

query_test(_) ->
    fun() ->
        {ok, Users} = kura_repo_worker:all(my_repo, kura_query:from(user)),
        ?assertEqual([], Users)
    end.
How It Works
kura_sandbox:checkout/1 checks out a connection from the pool and begins a transaction. All queries within the test use this connection. kura_sandbox:checkin/1 rolls back the transaction and returns the connection to the pool.
This means:
	Each test starts with a clean database state
	Tests can run in any order without interference
	No manual cleanup of test data needed

Cross-Process Tests
By default, only the process that called checkout/1 sees the sandbox
transaction. If your test spawns helper processes that need to share the
same in-test view of the database, either pass #{shared => true} to
checkout/2, or call kura_sandbox:allow/3 to grant a specific child
process access to the owner's connection.
Testing Constraints
Unique indexes declared via indexes/0 are automatically tested when you try to insert duplicate data:
constraint_test(_Config) ->
    Params = #{~"username" => ~"alice"},
    CS = kura_changeset:cast(user, #{}, Params, [username]),

    %% First insert succeeds
    {ok, _} = kura_repo_worker:insert(my_repo, CS),

    %% Second insert returns changeset error (not a crash)
    {error, ErrCS} = kura_repo_worker:insert(my_repo, CS),
    [{username, ~"has already been taken"}] = ErrCS#kura_changeset.errors.
Testing with Docker Compose
For local development and CI, use Docker Compose to run PostgreSQL:
# docker-compose.yml
services:
  postgres:
    image: postgres:16
    environment:
      POSTGRES_USER: postgres
      POSTGRES_PASSWORD: postgres
      POSTGRES_DB: my_app_test
    ports:
      - "5432:5432"
docker compose up -d
rebar3 eunit
docker compose down



  

    Changelog

All notable changes to this project will be documented in this file.
The format is based on Keep a Changelog,
and this project adheres to Semantic Versioning.
Unreleased
Added
	Multi-application migration discovery. A repo names further
applications shipping migrations through the optional kura_repo
callback migration_apps/0; the owning application is always
included. Applications are ordered by their OTP applications lists,
so a dependency's migrations run before its dependents'. No app
column and no schema change - existing repos are unaffected.
	kura_migrator:migration_apps/1 returns the resolved, dependency
ordered application list for a repo.
	kura_migrator:rollback/3 and kura_migrator:fake/2 take the
application to operate on, for repos drawing migrations from more than
one. rollback/3's window is confined to the named application's
applied versions; fake/2 leaves every other application's migrations
pending.

Fixed
	A migration version claimed by two modules is now
{error, {duplicate_migration_version, [{Version, [{App, Module}]}]}}
instead of a partially-applied batch failing on the
schema_migrations primary key.
	The applied-version set is read inside the migration advisory lock.
Two nodes booting together could both see the same migration as
pending; the loser then failed its whole batch on a duplicate key.
	rollback/2 no longer skips applied versions that no migration
module claims. It used to roll back fewer migrations than asked while
reporting success, and ran the surviving down/0s across the gap.
Those versions are now named in
{error, {unknown_applied_versions, Versions}} and nothing runs.
Versions outside the rollback window are unaffected.
	Rollback runs in reverse apply order rather than descending version
order, so a dependency's down/0 never runs before its dependents'.
Unchanged for a single-application repo, where the two coincide.
	schema_migrations is created under the migration advisory lock, in a
transaction of its own. CREATE TABLE IF NOT EXISTS is not atomic
against a concurrent creator, so two nodes booting together could both
pass the existence check and the loser fail on pg_type's unique
index.
	The CREATE TABLE result is no longer discarded. A database that
refuses the statement now gives
{error, {schema_migrations_failed, Reason}} rather than ok
followed by every later query failing on a missing table.

Changed
	kura_migrator:status/1 may now return {error, Reason} when
discovery fails, and lists migrations in apply order. Unchanged for a
single-application repo.
	kura_migrator:rollback/1,2 and kura_migrator:fake/1 refuse a repo
drawing migrations from more than one application, with
{error, {ambiguous_rollback, Apps}} and
{error, {ambiguous_fake, Apps}}. Both choose a set of versions with
no regard for which application shipped them, which across
applications half-migrates several unrelated ones - or, for fake/1,
stamps a freshly installed extension's tables as created when they do
not exist, after which migrate/1 never creates them. Use
rollback/3 and fake/2. A repo without migration_apps/0 is not a
multi-application set and is unaffected.
	kura_migrator:ensure_schema_migrations/1 returns
ok | {error, term()} rather than always ok.

[2.0.0] - 2026-05-10
The 2.0 line introduces pluggable backends and multi-repo support. The
intermediate 2.1-2.5 dev tags were rolled into this release; nothing
shipped to Hex during that window. See
MIGRATION-2.0.md for upgrade notes.
Added
	Pluggable backends. Pick a backend package and point kura at it
with {backend, ...}. Kura auto-populates dialect, pool_module,
and driver_module from the aggregator at app start.
	kura_pool behaviour - connection-pool contract.
	kura_capabilities behaviour - backend feature flags
(e.g. advisory_locks, returning, arrays).
	kura_dialect behaviour - SQL dialect contract, with optional
column_type/1 and format_default/1 callbacks for
backend-specific DDL.
	kura_driver behaviour - query/transaction driver contract.
	kura_pool_ets - in-memory pool for tests that don't need a real DB.


	Multi-repo configuration. Run two or more repos in the same app,
each with its own backend, dialect, and pool. Configure with a map of
maps under {repos, ...}:
{kura, [
    {repos, #{
        primary => #{
            backend => kura_backend_postgres,
            host => "primary.example.com",
            database => "main",
            pool_size => 10
        },
        analytics => #{
            backend => kura_backend_sqlite,
            database => <<":memory:">>
        }
    }}
]}
Kura starts each repo's pool on app start. The dialect resolves
per-repo, so primary emits Postgres SQL while analytics emits
SQLite SQL. The query cache is keyed per repo so dialects never share
entries.

	kura_app:pool_config/1 returns the config map for a specific repo.

	kura_types:cast(boolean, 0|1) so SQLite (booleans stored as INTEGER)
round-trips cleanly.


Changed
	kura_query_compiler:to_sql/2, to_sql_cached/2, to_sql_from/3,
insert/4, insert/5, update/5, delete/4, update_all/3,
delete_all/2, insert_all/4, insert_all/5, and dialect/1
take RepoMod as the first argument so they can resolve the
per-repo dialect. Internal callers (kura_repo_worker,
kura_stream, kura_migrator) thread the repo through automatically.
	kura_query_cache keys are tuples {RepoMod, QueryHash}. The cache
ETS table is now owned by a supervised gen_server so it survives any
caller exiting.
	kura_db:query/3 and the rest of the query path route through
kura_pool / kura_driver, so backends are swappable.
	kura_app:pool_config/0 is dialect-aware. PG-shaped defaults
(port 5432, user/database "postgres", decode_opts) only apply when
dialect is kura_dialect_pg. Other dialects get a pass-through
map of user-set kura env keys.
	kura_app:configure_pg_types/0 only runs when dialect is
kura_dialect_pg.
	kura_repo:read_config/1 returns a pass-through map of all kura env
keys (minus bookkeeping). Previously hardcoded the PG-shaped subset
and silently dropped pool_module, driver_module, backend.
	kura_migrator skips pg_advisory_xact_lock when the configured
pool doesn't declare the advisory_locks capability. The migration
transaction alone serializes runs on backends that lack advisory
locks (SQLite, etc.).
	Single-repo legacy config (flat kura env keys) and the per-app form
(application:get_env(OtpApp, RepoMod)) keep working unchanged. The
global application:get_env(kura, dialect) is consulted as a fallback
when a repo's config map omits dialect.

Removed (BREAKING)
	kura_pool_pgo, kura_driver_pgo no longer ship in kura. Install
kura_postgres for Postgres
or kura_sqlite for SQLite.
pgo is no longer a runtime dependency of kura. kura_dialect_pg
remains in core as the default ANSI-ish SQL emitter that other
dialects delegate to.
	kura_query_compiler:dialect/0 no longer defaults to kura_dialect_pg.
Use dialect/1 and configure the dialect per repo (recommended via
{backend, ...}), or set the global application:set_env(kura, dialect, Module) for legacy single-dialect setups.
	kura_db:get_pool_module/1 and get_driver_module/1 error with
{no_pool_module_configured, _} / {no_driver_module_configured, _}
when not configured. Set {backend, ...} (recommended) or
pool_module/driver_module explicitly.

[1.8.0] - 2026-03-06
Changed
	Breaking: kura_repo behaviour now requires otp_app/0 callback instead of config/0 - database configuration is read from application environment via application:get_env(OtpApp, RepoModule)
	Optional init/1 callback on kura_repo - modify config at runtime (read secrets from env vars, files, external services)
	kura_repo:config/1 function reads config from app env, then calls init/1 if defined
	All internal get_pool/1 calls now use kura_repo:config/1 instead of RepoMod:config()

[1.7.0] - 2026-03-06
Added
	telemetry library integration - every query emits a [kura, repo, query] telemetry event with measurements (duration, duration_us) and metadata (query, params, repo, result, num_rows, source)
	build_telemetry_metadata/4 and extract_source/1 exported from kura_repo_worker for testing
	source field in telemetry metadata - table name extracted from the SQL query

Changed
	Legacy {kura, [{log, ...}]} config still works but now runs alongside telemetry events (not instead of)

[1.6.0] - 2026-03-06
Added
	Ecto-style index support - indexes/0 optional callback on kura_schema for declaring indexes at the schema level
	Map-based {create_index, Table, Cols, Opts} migration operation with auto-generated index names ({table}_{cols}_index)
	kura_migration:index_name/2 helper for generating Ecto-style index names
	Unique indexes declared via indexes/0 auto-register changeset constraints - no manual unique_constraint/3 calls needed
	New types: index_def(), index_opts_map() in kura_migration

[1.5.0] - 2026-03-05
Added
	Table-level constraints in migrations - {create_table, Table, Columns, Constraints} 4-tuple variant supporting {unique, [atom()]} and {check, binary()} inline constraints
	constraints/0 optional callback on kura_schema behaviour - declares table-level constraints on the schema
	Auto-registration of schema constraints on kura_changeset:cast/4 - duplicate inserts get friendly error messages without manual unique_constraint/3 calls

[1.4.0] - 2026-03-05
Changed
	Breaking: Minimum OTP version is now OTP 28 (sigil syntax, ELP fixes)
	Binary string literals converted to sigil syntax (~"...") across changeset modules
	Eliminated unnecessary intermediate list and tuple allocations in association casting

[1.3.2] - 2026-03-05
Fixed
	Dialyzer warnings in get_field/2,3 - maps:find/2 returns {ok, V} | error, not map patterns

	Atom exhaustion risk in enum load/2 - now validates against declared values list instead of binary_to_atom
	Atom exhaustion risk in kura_repo_worker error handlers - NOT NULL and constraint errors fall back to base atom for unknown columns
	CI running resilience tests that require docker compose control - explicitly list test modules

Added
	Production readiness test suites: kura_stress_tests (7 concurrency tests), kura_bench_tests (6 throughput benchmarks), kura_migration_stress_tests (4 migration safety tests), kura_resilience_tests (4 failure/recovery tests)
	Makefile targets: test-stress, test-bench, test-migration-stress, test-resilience, test-production

[1.3.1] - 2026-03-04
Fixed
	Advisory lock query wrapped to avoid pgo void type decode error (pg_advisory_xact_lock returns void)

[1.3.0] - 2026-03-03
Changed
	Primary key derived from field flag instead of separate callback

[1.2.0] - 2026-03-01
Added
	Changeset validators: validate_exclusion, validate_subset, traverse_errors, prepare_changes, optimistic_lock
	Query extensions: subqueries in WHERE, CTEs, UNION/INTERSECT/EXCEPT, window functions (select_expr), query scopes
	kura_sandbox - test transaction rollback for isolated concurrent tests
	kura_stream - server-side cursor batching for large result sets
	insert_all with RETURNING support

Changed
	to_sql_from/2 refactored as keystone for all query compilation

[1.1.0] - 2026-02-27
Added
	Foreign key constraints in migrations - references, on_delete, on_update fields on #kura_column{} generate inline REFERENCES "table"("col") ON DELETE CASCADE etc.
	kura_changeset:validate_confirmation/2,3 - validates a field has a matching <field>_confirmation in params (for password/email confirmation flows)
	kura_repo_worker:exists/2 - checks if any record matches a query, returns {ok, true | false}

	kura_repo_worker:reload/3 - re-fetches a record from the database by its primary key

[1.0.4] - 2026-02-26
Fixed
	ExDoc build failure - doc/architecture.md was wiped by edoc before ex_doc could read it; moved to guides/architecture.md
	Removed doc from hex include_files (generated output, not source)

Added
	ExDoc build step in CI to catch documentation errors early

[1.0.3] - 2026-02-26
Added
	Rolling deployment safety warnings - detect dangerous migration operations (drop_column, rename_column, modify_column, drop_table, add_column NOT NULL without default) and log warnings before execution
	Optional safe/0 callback on kura_migration behaviour to suppress warnings when the expand-contract pattern has been followed
	Rolling deployments guide (guides/rolling_deployments.md) documenting the expand-contract pattern with step-by-step examples

[1.0.2] - 2026-02-24
Added
	kura_preloader module - extracted preload logic from kura_repo_worker into a dedicated module
	kura_changeset_assoc module - extracted cast_assoc, put_assoc, and association coercion from kura_changeset
	Comprehensive integration tests (356 total) covering all query operators, aggregates, joins, bulk ops, multi pipelines, on_conflict upserts, constraint errors, type round-trips, and all association/preload types

Fixed
	Constraint error handling (unique_constraint, foreign_key_constraint, check_constraint) now correctly unwraps pgo {pgsql_error, Map} tuples
	put_assoc for many_to_many now preserves primary key in changeset data

[1.0.1] - 2026-02-22
Added
	Embedded schemas guide (guides/embedded-schemas.md)
	Architecture doc linked in hexdocs extras
	Logo displayed in hexdocs
	Navigation groups: Getting Started, Guides, Reference

Changed
	Hidden internal modules (kura_app, kura_sup) from docs

[1.0.0] - 2026-02-22
Changed
	Consolidated CI and release into a single GitHub Actions workflow
	Updated README features list to reflect all capabilities added since 0.2.0
	Fixed stale log_queries config reference in README (now log)
	Fixed stale migration discovery docs in README (module-based since 0.3.0)

[0.5.0] - 2026-02-14
Added
	Embedded schemas (embeds_one, embeds_many) stored as JSONB with cast_embed/2,3
	Many-to-many associations with join_through / join_keys, preloading, and persistence via cast_assoc / put_assoc
	Schemaless changesets - cast/4 accepts a types map for validation-only workflows
	Makefile for local test lifecycle management (make test with Docker Compose)
	Schemaless changesets guide (guides/schemaless-changesets.md)

[0.4.1] - 2026-02-14
Added
	Hex documentation guides for enums, telemetry, and cast_assoc

[0.4.0] - 2026-02-14
Added
	Enum type ({enum, [atom()]}) - stored as VARCHAR(255), cast/dump/load between atoms and binaries
	Query telemetry via sys.config - {kura, [{log, true | {M,F}}]} with timing on every query

	kura_changeset:cast_assoc/2,3 - nested changeset casting for has_many and has_one associations
	kura_changeset:put_assoc/3 - directly attach maps or pre-built changesets as association changes
	assoc_changes field on #kura_changeset{} record
	Nested insert/update - automatic transaction wrapping with FK propagation when assoc_changes present
	kura_repo_worker:build_log_event/5 and default_logger/0 exported for testability
	Architecture documentation (guides/architecture.md)
	Feature guides: enums, telemetry, cast_assoc (guides/)

Changed
	Telemetry reads from application:get_env(kura, log) instead of repo config/0 map
	Removed log_queries application env default (replaced by log)
	kura_repo_worker:insert/2 and update/2 refactored to support nested association persistence

Removed
	maybe_log/2 internal function (replaced by centralized emit_log/5)

[0.3.0] - 2026-02-14
Added
	Module-based migration discovery (no filesystem scanning)
	Xref checks in CI
	rebar3_kura plugin reference in README

Removed
	migration_paths configuration (migrations now discovered automatically from compiled modules)

[0.2.0] - 2025-02-14
Added
	Constraint declarations (unique_constraint, foreign_key_constraint, check_constraint) with automatic PostgreSQL error mapping
	kura_multi for atomic transaction pipelines with insert/update/delete/run steps
	Association support (belongs_to, has_one, has_many) with preloading
	Nested preloads
	Standalone preloading via kura_repo_worker:preload/4
	Query preloads via kura_query:preload/2
	Upsert support (insert/3 with on_conflict option)
	Bulk operations: insert_all/3, update_all/3, delete_all/2
	kura_changeset:validate_change/3 for custom validation functions
	kura_changeset:apply_action/2
	Module documentation (-moduledoc / -doc) for all public modules
	Usage guides: Getting Started, Changesets, Query Builder, Associations, Multi, Migrations
	CI/CD with GitHub Actions
	CHANGELOG

[0.1.0] - 2025-01-15
Added
	kura_schema behaviour for defining database-backed schemas
	kura_changeset for casting, validation, and change tracking
	kura_query composable query builder
	kura_query_compiler for parameterized SQL generation
	kura_repo behaviour and kura_repo_worker for CRUD operations
	kura_types type system (id, integer, float, string, text, boolean, date, utc_datetime, uuid, jsonb, arrays)
	kura_migration behaviour and kura_migrator for DDL migrations
	Automatic timestamps (inserted_at, updated_at)
	Query logging via application env



  

    Migrating to kura 2.x

kura 2.x splits the Postgres backend into a separate package so the core
can host other backends (SQLite, MySQL, ...). Apps that used 1.x need a
new dependency and one config change.
1. Add a backend dependency
Pick the backend you use and add it to rebar.config:
{deps, [
    {kura, "~> 2.0"},
    {kura_postgres, "~> 0.4"}    %% or kura_sqlite, "~> 0.2"
]}.
pgo is no longer a transitive dependency of kura itself.
2. Point kura at the backend
Configure repos in a {repos, #{Name => Cfg}} map under the kura app
env. kura's app start populates dialect, pool_module, and
driver_module from each repo's backend key automatically.
%% single Postgres repo
[{kura, [
    {repos, #{
        my_repo => #{
            backend => kura_backend_postgres,
            host => "localhost",
            port => 5432,
            database => "my_app",
            user => "postgres",
            password => "postgres",
            pool_size => 10
        }
    }}
]}].
%% single SQLite repo
[{kura, [
    {repos, #{
        my_repo => #{
            backend => kura_backend_sqlite,
            database => <<"my_app.db">>,
            pool_size => 4
        }
    }}
]}].
%% Postgres primary + SQLite analytics
[{kura, [
    {repos, #{
        my_repo => #{
            backend => kura_backend_postgres,
            host => "localhost",
            database => "my_app",
            pool_size => 10
        },
        analytics_repo => #{
            backend => kura_backend_sqlite,
            database => <<":memory:">>
        }
    }}
]}].
Each repo's dialect, pool, and driver are resolved from its backend
key. Queries through different repos use their own dialects; the query
cache is keyed per repo so they never share entries.
If you prefer per-key wiring instead of {backend, ...}, set
pool_module, driver_module, and dialect explicitly inside the
repo's map. They override the aggregator defaults when present.
The 1.x flat form ({repo, _}/{host, _}/{user, _} directly at the
kura env level) and the per-app form (application:get_env(OtpApp, RepoModule)) still work as fallbacks. New projects should prefer the
map form.
3. Module locations
Backend modules live in their backend package. Public API names are
unchanged — only the OTP application providing them differs.
	1.x location	2.x location
	kura/kura_pool_pgo	kura_postgres/kura_pool_pgo
	kura/kura_driver_pgo	kura_postgres/kura_driver_pgo
	kura/kura_dialect_pg	kura/kura_dialect_pg (kept in core)

kura_dialect_pg is the default ANSI-ish SQL emitter. It lives in kura
core so non-PG dialects (kura_dialect_sqlite, ...) can delegate to it
without forcing a kura_postgres install.


  

    Architecture

This document describes the internal architecture of Kura and how the
modules fit together.
Module Overview
┌─────────────────────────────────────────────────┐
│                  User Code                      │
│         (YourRepo, YourSchema modules)          │
└──────────┬──────────────────────┬───────────────┘
           │                      │
    ┌──────▼──────┐        ┌──────▼──────┐
    │  kura_repo  │        │ kura_schema │
    │ (behaviour) │        │ (behaviour) │
    └──────┬──────┘        └──────┬──────┘
           │                      │
    ┌──────▼──────────────────────▼───────────────┐
    │            kura_repo_worker                  │
    │  (query execution, type conversion, txns)   │
    └──────┬──────────────┬───────────────────────┘
           │              │
    ┌──────▼──────┐ ┌─────▼──────────┐
    │ kura_query  │ │ kura_changeset │
    │ (builder)   │ │ (validation)   │
    └──────┬──────┘ └────────────────┘
           │
    ┌──────▼──────────────┐
    │ kura_query_compiler │
    │ (facade, cache)     │
    └──────┬──────────────┘
           │
    ┌──────▼──────────────────────────────────┐
    │  kura_pool / kura_driver / kura_dialect │
    │  / kura_capabilities (behaviours)       │
    └──────┬──────────────────────┬───────────┘
           │                      │
    ┌──────▼──────┐        ┌──────▼──────┐
    │ kura_pool_pgo │      │ kura_pool_sqlite │
    │ kura_driver_pgo │    │ kura_driver_sqlite │
    │ kura_dialect_pg │    │ kura_dialect_sqlite │
    │   (via pgo)    │     │  (via esqlite)     │
    └──────┬──────┘        └──────┬──────┘
       Postgres                 SQLite
Core Modules
kura_schema
Behaviour that defines the shape of a database table. Schemas declare
their table name, fields (via #kura_field{} records), primary key,
and optionally associations and embeds. Field metadata is cached in
persistent_term for fast lookups at runtime.
kura_changeset
Tracks changes between a schema's current data and incoming params.
Provides casting, validations (validate_required, validate_format,
validate_length, etc.), and constraint declarations that map PostgreSQL
constraint errors back to user-facing field errors.
kura_changeset_assoc
Handles nested association and embed casting (cast_assoc/2,3,
cast_embed/2,3, put_assoc/3). Builds child changesets from nested
params and manages the assoc_changes list on the parent changeset.
kura_query
Composable, functional query builder. Queries are built by chaining
calls like from/1, where/2, order_by/2, limit/2, and
preload/2. The query record accumulates conditions without executing
anything - execution happens in kura_repo_worker.
kura_query_compiler and kura_dialect
#kura_query{} is the portable AST. kura_dialect is the behaviour
that turns it into SQL bytes for a specific backend.
	kura_dialect_pg is the default ANSI-ish SQL emitter ($N placeholders,
RETURNING, ON CONFLICT (...) DO UPDATE, etc.). Lives in kura core.
	kura_dialect_sqlite (in kura_sqlite) delegates AST emission to
kura_dialect_pg and post-processes $N → ?N. Type/default emission
is overridden via column_type/1 and format_default/1.
	kura_query_compiler is the public-facing facade. It owns the query
cache and resolves the configured dialect via
application:get_env(kura, dialect). The dialect is set automatically
when you configure {backend, kura_backend_postgres|kura_backend_sqlite}.

kura_repo and kura_repo_worker
kura_repo is a thin behaviour - user repo modules implement otp_app/0
(plus optional init/1 to mutate config at runtime). The repo module itself
holds no CRUD callbacks; operations are invoked as
kura_repo_worker:insert(MyRepo, CS) etc., or wrapped with thin
delegations like insert(CS) -> kura_repo_worker:insert(?MODULE, CS).
in the user's repo module.
Database configuration is read from application:get_env(kura, ...) first
(backend, plus connection keys like database, pool_size, and any
backend-specific keys such as host/port/user/password for Postgres).
The legacy application:get_env(OtpApp, RepoModule) form is still accepted
as a fallback. The worker handles:
	Query execution via the configured kura_driver
	Type conversion between Erlang terms and database values (dump/load)
	Constraint-violation mapping back to changeset errors
	Transaction wrapping for changesets with assoc_changes
	Query telemetry (optional logging of queries, durations, results)

kura_preloader
Executes preload queries after the primary query completes. Uses
WHERE ... IN (...) queries rather than JOINs, supporting nested
preloads and all association types including many-to-many via join tables.
kura_multi
Transaction pipelines inspired by Ecto.Multi. Lets you compose named
steps (insert, update, delete, run) where each step can access
the accumulated results of previous steps. The entire pipeline executes
inside a single database transaction.
kura_types
Type system that defines how Erlang values map to database column types.
Each type implements cast (user input → internal), dump (internal →
backend), and load (backend → internal). Supported types include id,
integer, float, string, text, boolean, date, utc_datetime,
uuid, jsonb, {enum, [atom()]}, {array, T}, and {embed, Type, Module}.
The backend dialect's column_type/1 callback determines the SQL column
type emitted in DDL.
kura_migration and kura_migrator
kura_migration is a behaviour for writing migrations with up/0 and
down/0 callbacks (plus optional safe/0 to acknowledge intentionally
unsafe operations during rolling deployments). kura_migrator discovers
migration modules, maintains a schema_migrations table, and applies
pending migrations in order. All migrations run inside a single
transaction. On Postgres, the transaction is guarded by an advisory
lock so concurrent nodes do not race; on SQLite the single-writer
transaction handles serialisation. The advisory-lock SQL is gated on
the configured pool declaring the advisory_locks capability. The
applied-version set is read inside the lock, so two nodes booting
together cannot both decide the same migration is pending, and
schema_migrations itself is created under the same lock in a
transaction of its own, so they cannot race to create it either.
Discovery spans every application the repo names through the optional
kura_repo callback migration_apps/0, ordered by the applications'
OTP applications lists. schema_migrations still records versions
alone; a version claimed by two applications is refused before any DDL
runs. Recording no application is also why the two operations that
select versions without running the DDL those versions stand for -
rollback/1,2 and fake/1 - refuse a multi-application repo outright
rather than guess. rollback/3 and fake/2 take the application as an
argument.
Other Modules
	kura_db - central facade. All query execution, transactions,
pool lookup, sandbox routing, and telemetry events go through here.
Resolves the configured kura_pool and kura_driver per repo and
routes calls accordingly.
	kura_type - behaviour for user-defined custom field types
(cast/1, dump/1, load/1, pg_type/0).
	kura_query_cache - ETS-backed cache for compiled {SQL, Params}
results, keyed by {RepoMod, Tenant, Query}. The tenant is in the key
because a nested CTE resolves its prefix from kura_tenant at emit
time. Bound parameters are part of both key and value, so a
parameterised query interns one entry per distinct value set;
query_cache_max_memory and query_cache_max_entry_size bound the
table.
	kura_paginator - offset and cursor pagination on top of
kura_query.
	kura_stream - server-side cursor streaming for very large
result sets.
	kura_tenant - process-dictionary-scoped schema prefix for
multi-tenant deployments.
	kura_sandbox - test sandbox that runs each test in its own
transaction and rolls back on completion.
	kura_audit / kura_audit_log - automatic change tracking
with actor context, written to a separate audit table.
	kura_app / kura_sup - OTP application and root
supervisor. The application callback resolves the configured backend
aggregator (sets dialect, pool_module, driver_module from
kura_backend_postgres / kura_backend_sqlite) and starts the
configured pool. pg_types defaults are seeded only when the active
dialect is kura_dialect_pg.
	kura_capabilities - capability flags for backends. A backend
module implements the optional capabilities/0 callback to declare
features it supports (returning, jsonb, listen_notify,
select_for_update_skip_locked, ...). Consumers call
kura_capabilities:require/2 from supervisor init so the
application refuses to start on a backend that lacks a required
feature instead of failing at runtime.

Data Flow
A typical insert operation flows through the system like this:
	User calls kura_repo_worker:insert(MyRepo, Changeset) (or a thin wrapper on the repo module).
	If the changeset is invalid, returns {error, CS} immediately.
	If assoc_changes is non-empty, or the schema declares lifecycle hooks that need a transaction, the operation is wrapped in kura_db:transaction_ok/2.
	kura_types:dump/2 converts each changed field to its backend representation.
	kura_query_compiler:insert/4 generates a parameterized INSERT ... RETURNING ... statement (via the configured dialect).
	The configured kura_driver executes the query through the kura_pool checkout.
	kura_db:load_row/2 loads the returned row back into Erlang terms.
	Any association changes are persisted with the parent's primary key set as their foreign key.
	Database constraint errors are mapped back to changeset errors via the constraints declared on the changeset.



  

    
kura_capabilities behaviour
    



      
Capability flags for kura backends and pool implementations.
A module that participates in kura's backend story (today: the pool
implementation; in 2.0 likely a dedicated backend aggregator) declares
the capability set it supports by implementing the optional
capabilities/0 callback. Consumers ask kura whether the running
backend supports the features they need.
This makes "we don't support that on this backend" a boot error
instead of a 3am pager. It is also the discipline that keeps the
future multi-backend story honest: a non-SQL backend (Mnesia, Riak)
will declare a small capability set, SQL-needing consumers will
refuse to start, and there will be no runtime surprises.
Standard capabilities
The capability atom set is open — backends may declare custom flags
and consumers may match against them. The standard atoms kura itself
cares about:
	returning — INSERT/UPDATE/DELETE ... RETURNING
	jsonb — JSONB column type with operators (the SQLite backend
declares json instead, for its text-based JSON1 support)
	arrays — array column types
	advisory_locks — pg_advisory_lock family
	listen_notify — LISTEN/NOTIFY pubsub
	select_for_update_skip_locked — SELECT ... FOR UPDATE SKIP LOCKED
	partial_indexes — CREATE INDEX ... WHERE
	window_functions — OVER (PARTITION BY ... ORDER BY ...)
	full_text_search — the {Field, matches, Query} where-condition
	vector — pgvector VECTOR(N) columns ({vector, N} type)
	transactions — BEGIN/COMMIT/ROLLBACK
	savepoints — SAVEPOINT/RELEASE/ROLLBACK TO
	prepared_statements — server-side prepared statements

A module that does not implement capabilities/0 is treated as having
the empty capability set. Anything it does support is opaque to kura.
Example
A consumer's supervisor refuses to start if PG-only features are
missing:
init(_) ->
    case kura_capabilities:require(kura_pool_pgo, [returning, listen_notify]) of
        ok -> {ok, ...};
        {error, _} = Err -> Err
    end.
A backend declares its set:
-module(kura_pool_pgo).
-behaviour(kura_pool).

capabilities() ->
    [returning, jsonb, arrays, advisory_locks, listen_notify,
     select_for_update_skip_locked, partial_indexes, window_functions,
     full_text_search, transactions, savepoints, prepared_statements].

      


      
        Summary


  
    Types
  


    
      
        capability()

      


        An open atom set. Backends may define custom capability atoms.



    


    
      
        capability_set()

      


        A list of capabilities a backend supports or a consumer requires.



    





  
    Callbacks
  


    
      
        capabilities()

      


        Optional callback. Return the set of capabilities this module supports.



    





  
    Functions
  


    
      
        has(Module, Cap)

      


        Return true if Module declares Cap.



    


    
      
        require(Module, Required)

      


        Return ok if Module declares every capability in Required.



    


    
      
        supported(Module)

      


        Return the capability set declared by Module.



    





      


      
        Types


        


  
    
      
    
    
      capability()



        
          
        

    

  


  

      

          -type capability() :: atom().


      


An open atom set. Backends may define custom capability atoms.

  



  
    
      
    
    
      capability_set()



        
          
        

    

  


  

      

          -type capability_set() :: [capability()].


      


A list of capabilities a backend supports or a consumer requires.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      capabilities()


        (optional)


        
          
        

    

  


  

      

          -callback capabilities() -> capability_set().


      


Optional callback. Return the set of capabilities this module supports.
Modules that do not implement this callback are treated as supporting
nothing.

  


        

      

      
        Functions


        


  
    
      
    
    
      has(Module, Cap)



        
          
        

    

  


  

      

          -spec has(module(), capability()) -> boolean().


      


Return true if Module declares Cap.

  



  
    
      
    
    
      require(Module, Required)



        
          
        

    

  


  

      

          -spec require(module(), capability_set()) -> ok | {error, {missing_capabilities, capability_set()}}.


      


Return ok if Module declares every capability in Required.
Otherwise return {error, {missing_capabilities, Missing}} listing
the capabilities that the module did not declare. Intended to be
called from a supervisor init so the application refuses to start
on a backend that lacks required features.

  



  
    
      
    
    
      supported(Module)



        
          
        

    

  


  

      

          -spec supported(module()) -> capability_set().


      


Return the capability set declared by Module.
Returns [] if the module does not export capabilities/0.

  


        

      


  

    
kura_changeset_assoc 
    




      
        Summary


  
    Functions
  


    
      
        cast_assoc(Kura_changeset, AssocName)

      


    


    
      
        cast_assoc(Kura_changeset, AssocName, Opts)

      


    


    
      
        cast_embed(Kura_changeset, EmbedName)

      


    


    
      
        cast_embed(Kura_changeset, EmbedName, Opts)

      


    


    
      
        put_assoc(Kura_changeset, AssocName, Value)

      


    





      


      
        Functions


        


  
    
      
    
    
      cast_assoc(Kura_changeset, AssocName)



        
          
        

    

  


  

      

          -spec cast_assoc(#kura_changeset{valid :: boolean(),
                                 schema :: module() | undefined,
                                 data :: map(),
                                 params :: map(),
                                 changes :: map(),
                                 errors :: [{atom(), binary()}],
                                 types :: #{atom() => kura_types:kura_type()},
                                 required :: [atom()],
                                 action :: atom() | undefined,
                                 constraints ::
                                     [#kura_constraint{type :: unique | foreign_key | check | exclusion,
                                                       constraint :: binary(),
                                                       field :: atom(),
                                                       message :: binary()}],
                                 assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                 prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                 optimistic_lock :: atom() | undefined},
                 atom()) ->
                    #kura_changeset{valid :: boolean(),
                                    schema :: module() | undefined,
                                    data :: map(),
                                    params :: map(),
                                    changes :: map(),
                                    errors :: [{atom(), binary()}],
                                    types :: #{atom() => kura_types:kura_type()},
                                    required :: [atom()],
                                    action :: atom() | undefined,
                                    constraints ::
                                        [#kura_constraint{type ::
                                                              unique | foreign_key | check | exclusion,
                                                          constraint :: binary(),
                                                          field :: atom(),
                                                          message :: binary()}],
                                    assoc_changes ::
                                        #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                    prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                    optimistic_lock :: atom() | undefined}.


      



  



  
    
      
    
    
      cast_assoc(Kura_changeset, AssocName, Opts)



        
          
        

    

  


  

      

          -spec cast_assoc(#kura_changeset{valid :: boolean(),
                                 schema :: module() | undefined,
                                 data :: map(),
                                 params :: map(),
                                 changes :: map(),
                                 errors :: [{atom(), binary()}],
                                 types :: #{atom() => kura_types:kura_type()},
                                 required :: [atom()],
                                 action :: atom() | undefined,
                                 constraints ::
                                     [#kura_constraint{type :: unique | foreign_key | check | exclusion,
                                                       constraint :: binary(),
                                                       field :: atom(),
                                                       message :: binary()}],
                                 assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                 prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                 optimistic_lock :: atom() | undefined},
                 atom(),
                 map()) ->
                    #kura_changeset{valid :: boolean(),
                                    schema :: module() | undefined,
                                    data :: map(),
                                    params :: map(),
                                    changes :: map(),
                                    errors :: [{atom(), binary()}],
                                    types :: #{atom() => kura_types:kura_type()},
                                    required :: [atom()],
                                    action :: atom() | undefined,
                                    constraints ::
                                        [#kura_constraint{type ::
                                                              unique | foreign_key | check | exclusion,
                                                          constraint :: binary(),
                                                          field :: atom(),
                                                          message :: binary()}],
                                    assoc_changes ::
                                        #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                    prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                    optimistic_lock :: atom() | undefined}.


      



  



  
    
      
    
    
      cast_embed(Kura_changeset, EmbedName)



        
          
        

    

  


  

      

          -spec cast_embed(#kura_changeset{valid :: boolean(),
                                 schema :: module() | undefined,
                                 data :: map(),
                                 params :: map(),
                                 changes :: map(),
                                 errors :: [{atom(), binary()}],
                                 types :: #{atom() => kura_types:kura_type()},
                                 required :: [atom()],
                                 action :: atom() | undefined,
                                 constraints ::
                                     [#kura_constraint{type :: unique | foreign_key | check | exclusion,
                                                       constraint :: binary(),
                                                       field :: atom(),
                                                       message :: binary()}],
                                 assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                 prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                 optimistic_lock :: atom() | undefined},
                 atom()) ->
                    #kura_changeset{valid :: boolean(),
                                    schema :: module() | undefined,
                                    data :: map(),
                                    params :: map(),
                                    changes :: map(),
                                    errors :: [{atom(), binary()}],
                                    types :: #{atom() => kura_types:kura_type()},
                                    required :: [atom()],
                                    action :: atom() | undefined,
                                    constraints ::
                                        [#kura_constraint{type ::
                                                              unique | foreign_key | check | exclusion,
                                                          constraint :: binary(),
                                                          field :: atom(),
                                                          message :: binary()}],
                                    assoc_changes ::
                                        #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                    prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                    optimistic_lock :: atom() | undefined}.


      



  



  
    
      
    
    
      cast_embed(Kura_changeset, EmbedName, Opts)



        
          
        

    

  


  

      

          -spec cast_embed(#kura_changeset{valid :: boolean(),
                                 schema :: module() | undefined,
                                 data :: map(),
                                 params :: map(),
                                 changes :: map(),
                                 errors :: [{atom(), binary()}],
                                 types :: #{atom() => kura_types:kura_type()},
                                 required :: [atom()],
                                 action :: atom() | undefined,
                                 constraints ::
                                     [#kura_constraint{type :: unique | foreign_key | check | exclusion,
                                                       constraint :: binary(),
                                                       field :: atom(),
                                                       message :: binary()}],
                                 assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                 prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                 optimistic_lock :: atom() | undefined},
                 atom(),
                 map()) ->
                    #kura_changeset{valid :: boolean(),
                                    schema :: module() | undefined,
                                    data :: map(),
                                    params :: map(),
                                    changes :: map(),
                                    errors :: [{atom(), binary()}],
                                    types :: #{atom() => kura_types:kura_type()},
                                    required :: [atom()],
                                    action :: atom() | undefined,
                                    constraints ::
                                        [#kura_constraint{type ::
                                                              unique | foreign_key | check | exclusion,
                                                          constraint :: binary(),
                                                          field :: atom(),
                                                          message :: binary()}],
                                    assoc_changes ::
                                        #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                    prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                    optimistic_lock :: atom() | undefined}.


      



  



  
    
      
    
    
      put_assoc(Kura_changeset, AssocName, Value)



        
          
        

    

  


  

      

          -spec put_assoc(#kura_changeset{valid :: boolean(),
                                schema :: module() | undefined,
                                data :: map(),
                                params :: map(),
                                changes :: map(),
                                errors :: [{atom(), binary()}],
                                types :: #{atom() => kura_types:kura_type()},
                                required :: [atom()],
                                action :: atom() | undefined,
                                constraints ::
                                    [#kura_constraint{type :: unique | foreign_key | check | exclusion,
                                                      constraint :: binary(),
                                                      field :: atom(),
                                                      message :: binary()}],
                                assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                optimistic_lock :: atom() | undefined},
                atom(),
                term()) ->
                   #kura_changeset{valid :: boolean(),
                                   schema :: module() | undefined,
                                   data :: map(),
                                   params :: map(),
                                   changes :: map(),
                                   errors :: [{atom(), binary()}],
                                   types :: #{atom() => kura_types:kura_type()},
                                   required :: [atom()],
                                   action :: atom() | undefined,
                                   constraints ::
                                       [#kura_constraint{type ::
                                                             unique | foreign_key | check | exclusion,
                                                         constraint :: binary(),
                                                         field :: atom(),
                                                         message :: binary()}],
                                   assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                   prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                   optimistic_lock :: atom() | undefined}.


      



  


        

      


  

    
kura_crypto 
    



      
AES-256-GCM authenticated encryption for kura's at-rest field encryption
({encrypted, InnerType} fields).
A ciphertext is a self-framed binary:
<<Version:8, KeyId:8, Nonce:12/binary, Tag:16/binary, CipherText/binary>>
Version and KeyId are authenticated as additional data (AAD), so they
cannot be flipped without failing the tag check. Each value gets a fresh
random 96-bit nonce. Keys come from a kura_keyring (default
kura_keyring_env); KeyId is embedded so decryption is an O(1) key
lookup, never a trial-decrypt.
Every failure raises error({kura_crypto, Reason}) - it never returns
a value or an {error, _} tuple. This is deliberate: the dump/load seams
fall open (substitute the raw value on {error, _}), so a raise is the
only way to guarantee a crypto failure never writes plaintext to an
encrypted column or returns ciphertext as if it were the value. Reason
carries only atoms and the (non-secret) KeyId - never key material,
plaintext, or ciphertext, which would leak into crash reports and logs.

      


      
        Summary


  
    Functions
  


    
      
        decrypt/1

      


        Decrypt a framed ciphertext. Raises on a bad tag, unknown key, or bad frame.



    


    
      
        encrypt(Plain)

      


        Encrypt a plaintext binary with the keyring's active key. Raises on failure.



    





      


      
        Functions


        


  
    
      
    
    
      decrypt/1



        
          
        

    

  


  

      

          -spec decrypt(binary()) -> binary().


      


Decrypt a framed ciphertext. Raises on a bad tag, unknown key, or bad frame.

  



  
    
      
    
    
      encrypt(Plain)



        
          
        

    

  


  

      

          -spec encrypt(binary()) -> binary().


      


Encrypt a plaintext binary with the keyring's active key. Raises on failure.

  


        

      


  

    
kura_db 
    



      
Central database wrapper. Routes all SQL through a configured
kura_driver impl over a configured kura_pool impl, so swapping
the underlying client (pgo, esqlite, ...) is one config change.
All driver calls go through this module, providing a single place
for pool lookup, sandbox support, telemetry, and type loading.

      


      
        Summary


  
    Functions
  


    
      
        build_log_event(Repo, SQL, Params, Result, DurationUs)

      


    


    
      
        build_telemetry_metadata(RepoMod, SQL, Params, Result)

      


    


    
      
        default_logger()

      


    


    
      
        extract_source(SQL)

      


    


    
      
        get_driver_module(RepoMod)

      


        Resolve the kura_driver implementation module for a repo.



    


    
      
        get_pool(RepoMod)

      


    


    
      
        get_pool_module(RepoMod)

      


        Resolve the kura_pool implementation module for a repo.



    


    
      
        load_row(SchemaMod, Row)

      


    


    
      
        query(RepoMod, SQL, Params)

      


    


    
      
        transaction(RepoMod, Fun)

      


    


    
      
        transaction_ok(RepoMod, Fun)

      


    





      


      
        Functions


        


  
    
      
    
    
      build_log_event(Repo, SQL, Params, Result, DurationUs)



        
          
        

    

  


  


  



  
    
      
    
    
      build_telemetry_metadata(RepoMod, SQL, Params, Result)



        
          
        

    

  


  


  



  
    
      
    
    
      default_logger()



        
          
        

    

  


  


  



  
    
      
    
    
      extract_source(SQL)



        
          
        

    

  


  


  



  
    
      
    
    
      get_driver_module(RepoMod)



        
          
        

    

  


  

      

          -spec get_driver_module(module()) -> module().


      


Resolve the kura_driver implementation module for a repo.

  



  
    
      
    
    
      get_pool(RepoMod)



        
          
        

    

  


  

      

          -spec get_pool(module()) -> atom().


      



  



  
    
      
    
    
      get_pool_module(RepoMod)



        
          
        

    

  


  

      

          -spec get_pool_module(module()) -> module().


      


Resolve the kura_pool implementation module for a repo.

  



  
    
      
    
    
      load_row(SchemaMod, Row)



        
          
        

    

  


  

      

          -spec load_row(module(), map()) -> map().


      



  



  
    
      
    
    
      query(RepoMod, SQL, Params)



        
          
        

    

  


  

      

          -spec query(module(), iodata(), [term()]) -> map() | {error, term()}.


      



  



  
    
      
    
    
      transaction(RepoMod, Fun)



        
          
        

    

  


  

      

          -spec transaction(module(), fun(() -> term())) -> term().


      



  



  
    
      
    
    
      transaction_ok(RepoMod, Fun)



        
          
        

    

  


  

      

          -spec transaction_ok(module(), fun(() -> term())) -> {ok, term()} | {error, term()}.


      



  


        

      


  

    
kura_dialect behaviour
    



      
SQL dialect behaviour. Translates a portable #kura_query{} AST into
backend-specific SQL.
#kura_query{} is the portable AST: it describes operations as atoms
and tuples, not as SQL strings. The dialect callbacks turn that AST
into SQL bytes appropriate for a given backend.
Today
The canonical implementation is kura_dialect_pg, which targets
PostgreSQL via the pgo driver's $N placeholder convention.
Tomorrow
Adding SQLite or MySQL is a matter of providing another implementation
of this behaviour. Differences (placeholder syntax ? vs $N,
identifier quoting "foo" vs `foo`, RETURNING vs lastrowid,
ON CONFLICT vs ON DUPLICATE KEY UPDATE, LIMIT/OFFSET vs FETCH FIRST) all live in the dialect impl. The AST stays the same.
Public API entry point
Consumers go through kura_query_compiler, which delegates to the
configured dialect module. They do not call this behaviour's
callbacks directly.

      


      
        Summary


  
    Types
  


    
      
        counter()

      


        Next placeholder index. Used when composing sub-queries (CTEs,
sub-selects in WHERE) so placeholders stay contiguous across the
entire compiled statement.



    


    
      
        params()

      


        Parameter list in the order the placeholders appear in sql().



    


    
      
        sql()

      


        Compiled SQL bytes. Implementations are free to return iodata or a binary.



    





  
    Callbacks
  


    
      
        column_type/1

      


        Optional. SQL bytes for a kura column type, used by kura_migrator DDL.



    


    
      
        delete/2

      


        Compile a DELETE-by-primary-key. The key is one clause per column (single-key is a one-element list).



    


    
      
        delete_all/1

      


        Compile a bulk DELETE (DELETE ... WHERE ...) from a query AST.



    


    
      
        format_default/1

      


        Optional. SQL bytes for a column default value, used by kura_migrator DDL.



    


    
      
        insert/3

      


        Compile a single-row INSERT (no options).



    


    
      
        insert/4

      


        Compile a single-row INSERT with options (e.g. on_conflict).



    


    
      
        insert_all/3

      


        Compile a bulk INSERT (multi-row).



    


    
      
        insert_all/4

      


        Compile a bulk INSERT with options (returning => true | [Field]).



    


    
      
        to_sql/1

      


        Compile a query AST into {SQL, Params}.



    


    
      
        to_sql_from/2

      


        Compile a query AST starting placeholder numbering at StartCounter.
Returns the next free counter so callers can chain sub-compilations.



    


    
      
        update/4

      


        Compile an UPDATE-by-primary-key. The key is one clause per column (single-key is a one-element list).



    


    
      
        update_all/2

      


        Compile a bulk UPDATE (UPDATE ... WHERE ...) from a query AST and a SET map.



    





      


      
        Types


        


  
    
      
    
    
      counter()



        
          
        

    

  


  

      

          -type counter() :: pos_integer().


      


Next placeholder index. Used when composing sub-queries (CTEs,
sub-selects in WHERE) so placeholders stay contiguous across the
entire compiled statement.

  



  
    
      
    
    
      params()



        
          
        

    

  


  

      

          -type params() :: [term()].


      


Parameter list in the order the placeholders appear in sql().

  



  
    
      
    
    
      sql()



        
          
        

    

  


  

      

          -type sql() :: iodata().


      


Compiled SQL bytes. Implementations are free to return iodata or a binary.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      column_type/1


        (optional)


        
          
        

    

  


  

      

          -callback column_type(kura_types:kura_type()) -> binary().


      


Optional. SQL bytes for a kura column type, used by kura_migrator DDL.

  



  
    
      
    
    
      delete/2



        
          
        

    

  


  

      

          -callback delete(atom() | module(), [{atom(), term()}]) -> {sql(), params()}.


      


Compile a DELETE-by-primary-key. The key is one clause per column (single-key is a one-element list).

  



  
    
      
    
    
      delete_all/1



        
          
        

    

  


  

      

          -callback delete_all(#kura_query{from :: atom() | module() | undefined,
                                 select :: [atom() | term()] | {exprs, [term()]},
                                 wheres :: [term()],
                                 joins :: [term()],
                                 order_bys :: [term()],
                                 group_bys :: [atom()],
                                 havings :: [term()],
                                 limit :: non_neg_integer() | undefined,
                                 offset :: non_neg_integer() | undefined,
                                 distinct :: boolean() | [atom()],
                                 lock :: binary() | undefined,
                                 prefix :: binary() | undefined,
                                 preloads :: [atom() | {atom(), list()}],
                                 ctes :: [{binary(), #kura_query{}}],
                                 combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                                 include_deleted :: boolean()}) ->
                        {sql(), params()}.


      


Compile a bulk DELETE (DELETE ... WHERE ...) from a query AST.

  



  
    
      
    
    
      format_default/1


        (optional)


        
          
        

    

  


  

      

          -callback format_default(term()) -> binary().


      


Optional. SQL bytes for a column default value, used by kura_migrator DDL.

  



  
    
      
    
    
      insert/3



        
          
        

    

  


  

      

          -callback insert(atom() | module(), [atom()], map()) -> {sql(), params()}.


      


Compile a single-row INSERT (no options).

  



  
    
      
    
    
      insert/4



        
          
        

    

  


  

      

          -callback insert(atom() | module(), [atom()], map(), map()) -> {sql(), params()}.


      


Compile a single-row INSERT with options (e.g. on_conflict).

  



  
    
      
    
    
      insert_all/3



        
          
        

    

  


  

      

          -callback insert_all(atom() | module(), [atom()], [map()]) -> {sql(), params()}.


      


Compile a bulk INSERT (multi-row).

  



  
    
      
    
    
      insert_all/4



        
          
        

    

  


  

      

          -callback insert_all(atom() | module(), [atom()], [map()], map()) -> {sql(), params()}.


      


Compile a bulk INSERT with options (returning => true | [Field]).

  



  
    
      
    
    
      to_sql/1



        
          
        

    

  


  

      

          -callback to_sql(#kura_query{from :: atom() | module() | undefined,
                             select :: [atom() | term()] | {exprs, [term()]},
                             wheres :: [term()],
                             joins :: [term()],
                             order_bys :: [term()],
                             group_bys :: [atom()],
                             havings :: [term()],
                             limit :: non_neg_integer() | undefined,
                             offset :: non_neg_integer() | undefined,
                             distinct :: boolean() | [atom()],
                             lock :: binary() | undefined,
                             prefix :: binary() | undefined,
                             preloads :: [atom() | {atom(), list()}],
                             ctes :: [{binary(), #kura_query{}}],
                             combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                             include_deleted :: boolean()}) ->
                    {sql(), params()}.


      


Compile a query AST into {SQL, Params}.

  



  
    
      
    
    
      to_sql_from/2



        
          
        

    

  


  

      

          -callback to_sql_from(#kura_query{from :: atom() | module() | undefined,
                                  select :: [atom() | term()] | {exprs, [term()]},
                                  wheres :: [term()],
                                  joins :: [term()],
                                  order_bys :: [term()],
                                  group_bys :: [atom()],
                                  havings :: [term()],
                                  limit :: non_neg_integer() | undefined,
                                  offset :: non_neg_integer() | undefined,
                                  distinct :: boolean() | [atom()],
                                  lock :: binary() | undefined,
                                  prefix :: binary() | undefined,
                                  preloads :: [atom() | {atom(), list()}],
                                  ctes :: [{binary(), #kura_query{}}],
                                  combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                                  include_deleted :: boolean()},
                      counter()) ->
                         {sql(), params(), counter()}.


      


Compile a query AST starting placeholder numbering at StartCounter.
Returns the next free counter so callers can chain sub-compilations.

  



  
    
      
    
    
      update/4



        
          
        

    

  


  

      

          -callback update(atom() | module(), [atom()], map(), [{atom(), term()}]) -> {sql(), params()}.


      


Compile an UPDATE-by-primary-key. The key is one clause per column (single-key is a one-element list).

  



  
    
      
    
    
      update_all/2



        
          
        

    

  


  

      

          -callback update_all(#kura_query{from :: atom() | module() | undefined,
                                 select :: [atom() | term()] | {exprs, [term()]},
                                 wheres :: [term()],
                                 joins :: [term()],
                                 order_bys :: [term()],
                                 group_bys :: [atom()],
                                 havings :: [term()],
                                 limit :: non_neg_integer() | undefined,
                                 offset :: non_neg_integer() | undefined,
                                 distinct :: boolean() | [atom()],
                                 lock :: binary() | undefined,
                                 prefix :: binary() | undefined,
                                 preloads :: [atom() | {atom(), list()}],
                                 ctes :: [{binary(), #kura_query{}}],
                                 combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                                 include_deleted :: boolean()},
                     map()) ->
                        {sql(), params()}.


      


Compile a bulk UPDATE (UPDATE ... WHERE ...) from a query AST and a SET map.

  


        

      


  

    
kura_dialect_pg 
    



      
PostgreSQL dialect. Translates a #kura_query{} AST into parameterized
SQL using pgo's $N placeholder convention.
This module is an implementation of kura_dialect. Public callers go
through kura_query_compiler, which delegates to the dialect
configured for the running app.

      


      
        Summary


  
    Functions
  


    
      
        column_type(Type)

      


    


    
      
        delete(SchemaOrTable, KeyClauses)

      


    


    
      
        delete_all/1

      


    


    
      
        format_default/1

      


    


    
      
        insert(SchemaOrTable, Fields, Data)

      


    


    
      
        insert/4

      


    


    
      
        insert_all(SchemaOrTable, Fields, Rows)

      


    


    
      
        insert_all/4

      


    


    
      
        to_sql(Query)

      


        Compile a query record into {SQL, Params}.



    


    
      
        to_sql_from/2

      


        Compile a query starting parameter numbering from StartCounter. Returns {SQL, Params, NextCounter}.



    


    
      
        update(SchemaOrTable, Fields, Changes, KeyClauses)

      


    


    
      
        update_all/2

      


    





      


      
        Functions


        


  
    
      
    
    
      column_type(Type)



        
          
        

    

  


  

      

          -spec column_type(kura_types:kura_type()) -> binary().


      



  



  
    
      
    
    
      delete(SchemaOrTable, KeyClauses)



        
          
        

    

  


  

      

          -spec delete(atom() | module(), [{atom(), term()}]) -> {iodata(), [term()]}.


      



  



  
    
      
    
    
      delete_all/1



        
          
        

    

  


  

      

          -spec delete_all(#kura_query{from :: atom() | module() | undefined,
                             select :: [atom() | term()] | {exprs, [term()]},
                             wheres :: [term()],
                             joins :: [term()],
                             order_bys :: [term()],
                             group_bys :: [atom()],
                             havings :: [term()],
                             limit :: non_neg_integer() | undefined,
                             offset :: non_neg_integer() | undefined,
                             distinct :: boolean() | [atom()],
                             lock :: binary() | undefined,
                             prefix :: binary() | undefined,
                             preloads :: [atom() | {atom(), list()}],
                             ctes :: [{binary(), #kura_query{}}],
                             combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                             include_deleted :: boolean()}) ->
                    {iodata(), [term()]}.


      



  



  
    
      
    
    
      format_default/1



        
          
        

    

  


  

      

          -spec format_default(term()) -> binary().


      



  



  
    
      
    
    
      insert(SchemaOrTable, Fields, Data)



        
          
        

    

  


  

      

          -spec insert(atom() | module(), [atom()], map()) -> {iodata(), [term()]}.


      



  



  
    
      
    
    
      insert/4



        
          
        

    

  


  

      

          -spec insert(atom() | module(), [atom()], map(), map()) -> {iodata(), [term()]}.


      



  



  
    
      
    
    
      insert_all(SchemaOrTable, Fields, Rows)



        
          
        

    

  


  

      

          -spec insert_all(atom() | module(), [atom()], [map()]) -> {iodata(), [term()]}.


      



  



  
    
      
    
    
      insert_all/4



        
          
        

    

  


  

      

          -spec insert_all(atom() | module(), [atom()], [map()], map()) -> {iodata(), [term()]}.


      



  



  
    
      
    
    
      to_sql(Query)



        
          
        

    

  


  

      

          -spec to_sql(#kura_query{from :: atom() | module() | undefined,
                         select :: [atom() | term()] | {exprs, [term()]},
                         wheres :: [term()],
                         joins :: [term()],
                         order_bys :: [term()],
                         group_bys :: [atom()],
                         havings :: [term()],
                         limit :: non_neg_integer() | undefined,
                         offset :: non_neg_integer() | undefined,
                         distinct :: boolean() | [atom()],
                         lock :: binary() | undefined,
                         prefix :: binary() | undefined,
                         preloads :: [atom() | {atom(), list()}],
                         ctes :: [{binary(), #kura_query{}}],
                         combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                         include_deleted :: boolean()}) ->
                {iodata(), [term()]}.


      


Compile a query record into {SQL, Params}.

  



  
    
      
    
    
      to_sql_from/2



        
          
        

    

  


  

      

          -spec to_sql_from(#kura_query{from :: atom() | module() | undefined,
                              select :: [atom() | term()] | {exprs, [term()]},
                              wheres :: [term()],
                              joins :: [term()],
                              order_bys :: [term()],
                              group_bys :: [atom()],
                              havings :: [term()],
                              limit :: non_neg_integer() | undefined,
                              offset :: non_neg_integer() | undefined,
                              distinct :: boolean() | [atom()],
                              lock :: binary() | undefined,
                              prefix :: binary() | undefined,
                              preloads :: [atom() | {atom(), list()}],
                              ctes :: [{binary(), #kura_query{}}],
                              combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                              include_deleted :: boolean()},
                  pos_integer()) ->
                     {iodata(), [term()], pos_integer()}.


      


Compile a query starting parameter numbering from StartCounter. Returns {SQL, Params, NextCounter}.

  



  
    
      
    
    
      update(SchemaOrTable, Fields, Changes, KeyClauses)



        
          
        

    

  


  

      

          -spec update(atom() | module(), [atom()], map(), [{atom(), term()}]) -> {iodata(), [term()]}.


      



  



  
    
      
    
    
      update_all/2



        
          
        

    

  


  

      

          -spec update_all(#kura_query{from :: atom() | module() | undefined,
                             select :: [atom() | term()] | {exprs, [term()]},
                             wheres :: [term()],
                             joins :: [term()],
                             order_bys :: [term()],
                             group_bys :: [atom()],
                             havings :: [term()],
                             limit :: non_neg_integer() | undefined,
                             offset :: non_neg_integer() | undefined,
                             distinct :: boolean() | [atom()],
                             lock :: binary() | undefined,
                             prefix :: binary() | undefined,
                             preloads :: [atom() | {atom(), list()}],
                             ctes :: [{binary(), #kura_query{}}],
                             combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                             include_deleted :: boolean()},
                 map()) ->
                    {iodata(), [term()]}.


      



  


        

      


  

    
kura_driver behaviour
    



      
Pluggable database driver behaviour.
A kura_driver implementation is the seam between kura's portable
query layer and a specific database client library. Each impl wraps
one client (minato, pgo, esqlite, mysql_otp, ...) behind a uniform
query/transaction surface.
The pool layer (kura_pool) hands out a connection. The driver layer
runs SQL on it. Splitting them lets a single pool impl (e.g. an
in-memory test pool) be paired with multiple drivers, and lets a
driver be swapped without touching pool semantics.
Three call shapes
query/5 runs SQL on a pool. The driver picks (or already has) a
connection. Used by the common case where the caller does not own a
checkout.
query_on/4 runs SQL on a specific connection the caller already
holds. Used by the sandbox path: the test process owns a checked-out
conn and wants every query routed to it.
transaction/3 wraps a fun in a transaction. The driver chooses how
to thread connection context into queries inside the fun (process
dict, explicit arg, etc.); kura code inside the fun calls
kura_db:query/3 as usual and the driver's query/5 impl observes
the transaction context.
Today
The canonical impl is kura_driver_minato, and kura_driver_pgo is
still shipped. Both keep the in-flight transaction in the process
dictionary so that queries written inside a transaction function
code that does kura_db:transaction(Repo, fun() -> kura_repo:insert(...) end)
continues to work transparently.

      


      
        Summary


  
    Types
  


    
      
        opts()

      


        Driver-specific options. The PostgreSQL drivers honor decode_opts,
and the minato driver also passes timeout, which is a deadline after
which the statement is cancelled on the server. Other drivers may
ignore unknown keys or define their own.



    


    
      
        params()

      


        Parameter list in the order placeholders appear in the SQL.



    


    
      
        query_result()

      


        Driver-specific result shape. Today this is whatever the underlying
client returns (#{rows := [...], num_rows := N, ...} for both
PostgreSQL drivers). A
future kura layer may normalize this; the driver behaviour does not
prescribe a shape.



    


    
      
        sql()

      


        Query SQL string. Driver impls accept iodata.



    





  
    Callbacks
  


    
      
        ensure_database(Config)

      


        Optional. Create the database if missing. Called by kura_migrator.



    


    
      
        probe_pool(Pool)

      


        Optional. Round-trip a trivial query against Pool (e.g. SELECT 1).



    


    
      
        query(PoolMod, Pool, SQL, Params, Opts)

      


        Run SQL on a pool. The driver leases a connection (via PoolMod)
or threads through an active transaction context, runs the query,
and returns the result.



    


    
      
        query_on(Conn, SQL, Params, Opts)

      


        Run SQL on a specific connection the caller already owns. Used by
the sandbox path where a test process holds a checked-out conn for
its lifetime.



    


    
      
        transaction(PoolMod, Pool, Fun, Opts)

      


        Wrap Fun in a database transaction over a pool. Queries inside
Fun route to the transaction's connection by whatever convention
the driver uses (both PostgreSQL drivers: the process dictionary).



    





      


      
        Types


        


  
    
      
    
    
      opts()



        
          
        

    

  


  

      

          -type opts() :: map().


      


Driver-specific options. The PostgreSQL drivers honor decode_opts,
and the minato driver also passes timeout, which is a deadline after
which the statement is cancelled on the server. Other drivers may
ignore unknown keys or define their own.

  



  
    
      
    
    
      params()



        
          
        

    

  


  

      

          -type params() :: [term()].


      


Parameter list in the order placeholders appear in the SQL.

  



  
    
      
    
    
      query_result()



        
          
        

    

  


  

      

          -type query_result() :: dynamic().


      


Driver-specific result shape. Today this is whatever the underlying
client returns (#{rows := [...], num_rows := N, ...} for both
PostgreSQL drivers). A
future kura layer may normalize this; the driver behaviour does not
prescribe a shape.

  



  
    
      
    
    
      sql()



        
          
        

    

  


  

      

          -type sql() :: iodata().


      


Query SQL string. Driver impls accept iodata.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      ensure_database(Config)


        (optional)


        
          
        

    

  


  

      

          -callback ensure_database(Config :: map()) -> ok | {error, term()}.


      


Optional. Create the database if missing. Called by kura_migrator.

  



  
    
      
    
    
      probe_pool(Pool)


        (optional)


        
          
        

    

  


  

      

          -callback probe_pool(Pool :: kura_pool:name()) -> ok | {error, term()}.


      


Optional. Round-trip a trivial query against Pool (e.g. SELECT 1).

  



  
    
      
    
    
      query(PoolMod, Pool, SQL, Params, Opts)



        
          
        

    

  


  

      

          -callback query(PoolMod, Pool, SQL, Params, Opts) -> query_result()
                   when
                       PoolMod :: module(),
                       Pool :: kura_pool:name(),
                       SQL :: sql(),
                       Params :: params(),
                       Opts :: opts().


      


Run SQL on a pool. The driver leases a connection (via PoolMod)
or threads through an active transaction context, runs the query,
and returns the result.

  



  
    
      
    
    
      query_on(Conn, SQL, Params, Opts)



        
          
        

    

  


  

      

          -callback query_on(Conn, SQL, Params, Opts) -> query_result()
                      when Conn :: kura_pool:conn(), SQL :: sql(), Params :: params(), Opts :: opts().


      


Run SQL on a specific connection the caller already owns. Used by
the sandbox path where a test process holds a checked-out conn for
its lifetime.

  



  
    
      
    
    
      transaction(PoolMod, Pool, Fun, Opts)



        
          
        

    

  


  

      

          -callback transaction(PoolMod, Pool, Fun, Opts) -> term()
                         when
                             PoolMod :: module(),
                             Pool :: kura_pool:name(),
                             Fun :: fun(() -> term()),
                             Opts :: opts().


      


Wrap Fun in a database transaction over a pool. Queries inside
Fun route to the transaction's connection by whatever convention
the driver uses (both PostgreSQL drivers: the process dictionary).
Opts carries driver-specific options. The pgo driver honors
pool_options => [{timeout, infinity | non_neg_integer()}] for
long-running streams; the minato driver takes no options here, because
a statement's deadline is set per query rather than per transaction.
Other drivers may ignore unknown keys.

  


        

      


  

    
kura_keyring behaviour
    



      
Behaviour for supplying the AES-256 keys kura_crypto uses for
at-rest field encryption.
A keyring holds one or more 32-byte keys, each tagged with a key_id
(0-255). New values are encrypted with the active key; any value can
be decrypted by the key whose key_id is embedded in its ciphertext, so
rotation is a matter of adding a new key and flipping active - old rows
keep decrypting under their original key with no backfill.
The default implementation is kura_keyring_env. A regulated deployment
can supply its own module (e.g. reading from a KMS or Vault) by setting
{kura, [{keyring, my_keyring}]} in the application environment.

      


      
        Summary


  
    Types
  


    
      
        key()

      


        A raw 32-byte AES-256 key.



    


    
      
        key_id()

      


        A key identifier, 0-255, embedded in each ciphertext for O(1) lookup.



    





  
    Callbacks
  


    
      
        active()

      


        Return the active key (used to encrypt new writes) as {KeyId, Key}, or
undefined if none is configured (encryption then fails loudly).



    


    
      
        fetch/1

      


        Return {ok, Key} for KeyId, or error if it is not in the ring.



    





      


      
        Types


        


  
    
      
    
    
      key()



        
          
        

    

  


  

      

          -type key() :: binary().


      


A raw 32-byte AES-256 key.

  



  
    
      
    
    
      key_id()



        
          
        

    

  


  

      

          -type key_id() :: 0..255.


      


A key identifier, 0-255, embedded in each ciphertext for O(1) lookup.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      active()



        
          
        

    

  


  

      

          -callback active() -> {key_id(), key()} | undefined.


      


Return the active key (used to encrypt new writes) as {KeyId, Key}, or
undefined if none is configured (encryption then fails loudly).

  



  
    
      
    
    
      fetch/1



        
          
        

    

  


  

      

          -callback fetch(key_id()) -> {ok, key()} | error.


      


Return {ok, Key} for KeyId, or error if it is not in the ring.

  


        

      


  

    
kura_keyring_env 
    



      
Default kura_keyring - reads keys from the kura application environment.
[{kura, [
    {encryption, #{
        active => 1,
        keys => [
            {1, <<"S2V5T25lLi4uMzIgcmF3IGJ5dGVzLi4uYmFzZTY0ISE=">>},
            {2, <<"S2V5VHdvLi4uMzIgcmF3IGJ5dGVzLi4uYmFzZTY0ISE=">>}
        ]
    }}
]}].
Each key is a base64-encoded 32-byte value. active is the key_id used
for new writes; rotate by adding a key and moving active to it. Keys
that do not base64-decode to exactly 32 bytes are treated as absent.

      


      
        Summary


  
    Functions
  


    
      
        active()

      


    


    
      
        fetch(KeyId)

      


    





      


      
        Functions


        


  
    
      
    
    
      active()



        
          
        

    

  


  

      

          -spec active() -> {kura_keyring:key_id(), kura_keyring:key()} | undefined.


      



  



  
    
      
    
    
      fetch(KeyId)



        
          
        

    

  


  

      

          -spec fetch(kura_keyring:key_id()) -> {ok, kura_keyring:key()} | error.


      



  


        

      


  

    
kura_pool behaviour
    



      
Pluggable connection-pool behaviour.
Each implementation manages a set of connections to a backend (Postgres,
MySQL, SQLite, an HTTP client, etc.) and exposes a uniform
checkout/checkin/give_away surface to kura_db and friends.
Different drivers want different pool shapes:
	Network-protocol drivers like Postgres benefit from caller-side I/O on
the socket, so the pool just hands out a connection record and stays
out of the way (kura_pool_minato, the canonical PG impl).
	gen_server-style drivers like MySQL or HTTP clients want a worker
process the caller calls into; a gen_server-call-style pool fits.

This behaviour is the contract; implementations pick the shape that
matches their backend.
Token vs connection
checkout/2 returns both a conn() and a token(). The conn() is
what callers actually use to run work: kura_pool_minato hands back a
process that owns the connection and answers queries, and the pgo impl
hands back pgo's own conn record. The token() is the
opaque value the caller hands back to checkin/2. Implementations are
free to make them the same value if they like.
give_away/3 transfers ownership of an in-flight checkout to another
process. The new owner becomes responsible for calling checkin/2.
Used by sandbox test patterns: a setup process checks out a connection,
transfers it to the test process for the duration of the test, and the
teardown checks it back in.
Example
{ok, _Pid} = kura_pool_minato:start_pool(my_pool, #{
    host => "localhost",
    database => "my_app",
    user => "postgres",
    password => "secret",
    pool_size => 10
}),

kura_pool:with_conn(kura_pool_minato, my_pool, fun(Conn) ->
    kura_driver_minato:query_on(Conn, ~"SELECT 1", [], #{})
end).

      


      
        Summary


  
    Types
  


    
      
        checkout_opts()

      


        Implementation-specific options for a single checkout (e.g. #{timeout => 5000}).



    


    
      
        conn()

      


        Opaque per-impl connection handle the caller uses to run work.



    


    
      
        name()

      


        Pool registration name. Implementation chooses the registry semantics.



    


    
      
        opts()

      


        Implementation-specific pool options. Pass through to start_pool/2.



    


    
      
        token()

      


        Opaque per-impl token handed back to checkin/2.



    





  
    Callbacks
  


    
      
        checkin/2

      


        Return a leased connection to the pool.



    


    
      
        checkout/2

      


        Lease a connection from the pool. Returns the conn and a checkin token.



    


    
      
        give_away/3

      


        Transfer ownership of a checked-out connection to another process.



    


    
      
        resize/2

      


        Optional. Resize a running pool to Size connections.



    


    
      
        start_pool/2

      


        Start a pool registered under Name.



    


    
      
        stop_pool/1

      


        Stop a previously-started pool.



    





  
    Functions
  


    
      
        with_conn(Mod, Name, Fun)

      


        Equivalent to with_conn(Mod, Name, Fun, #{}).



    


    
      
        with_conn(Mod, Name, Fun, Opts)

      


        Lease a connection, run Fun(Conn), and check it back in.



    





      


      
        Types


        


  
    
      
    
    
      checkout_opts()



        
          
        

    

  


  

      

          -type checkout_opts() :: map().


      


Implementation-specific options for a single checkout (e.g. #{timeout => 5000}).

  



  
    
      
    
    
      conn()



        
          
        

    

  


  

      

          -type conn() :: dynamic().


      


Opaque per-impl connection handle the caller uses to run work.

  



  
    
      
    
    
      name()



        
          
        

    

  


  

      

          -type name() :: atom().


      


Pool registration name. Implementation chooses the registry semantics.

  



  
    
      
    
    
      opts()



        
          
        

    

  


  

      

          -type opts() :: map().


      


Implementation-specific pool options. Pass through to start_pool/2.

  



  
    
      
    
    
      token()



        
          
        

    

  


  

      

          -type token() :: dynamic().


      


Opaque per-impl token handed back to checkin/2.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      checkin/2



        
          
        

    

  


  

      

          -callback checkin(name(), token()) -> ok.


      


Return a leased connection to the pool.

  



  
    
      
    
    
      checkout/2



        
          
        

    

  


  

      

          -callback checkout(name(), checkout_opts()) -> {ok, conn(), token()} | {error, term()}.


      


Lease a connection from the pool. Returns the conn and a checkin token.

  



  
    
      
    
    
      give_away/3



        
          
        

    

  


  

      

          -callback give_away(token(), pid(), term()) -> ok | {error, term()}.


      


Transfer ownership of a checked-out connection to another process.
The new owner becomes responsible for calling checkin/2. GiftData is
delivered as a message to NewOwner if the underlying pool supports
it; otherwise it is silently dropped.

  



  
    
      
    
    
      resize/2


        (optional)


        
          
        

    

  


  

      

          -callback resize(name(), pos_integer()) -> ok | {error, term()}.


      


Optional. Resize a running pool to Size connections.

  



  
    
      
    
    
      start_pool/2



        
          
        

    

  


  

      

          -callback start_pool(name(), opts()) -> {ok, pid()} | {error, term()}.


      


Start a pool registered under Name.

  



  
    
      
    
    
      stop_pool/1



        
          
        

    

  


  

      

          -callback stop_pool(name()) -> ok.


      


Stop a previously-started pool.

  


        

      

      
        Functions


        


  
    
      
    
    
      with_conn(Mod, Name, Fun)



        
          
        

    

  


  

      

          -spec with_conn(module(), name(), fun((conn()) -> Result)) -> Result | {error, term()}.


      


Equivalent to with_conn(Mod, Name, Fun, #{}).

  



  
    
      
    
    
      with_conn(Mod, Name, Fun, Opts)



        
          
        

    

  


  

      

          -spec with_conn(module(), name(), fun((conn()) -> Result), checkout_opts()) -> Result | {error, term()}.


      


Lease a connection, run Fun(Conn), and check it back in.
Equivalent to:
case Mod:checkout(Name, Opts) of
    {ok, Conn, Token} ->
        try Fun(Conn) after Mod:checkin(Name, Token) end;
    {error, _} = Err ->
        Err
end.
Returns {error, Reason} if checkout fails, otherwise the value of Fun.

  


        

      


  

    
kura_pool_ets 
    



      
ETS-backed kura_pool implementation. Hands out opaque connection
refs from an ETS-tracked free list. Useful for:
	Conformance tests against the kura_pool behaviour without docker.
	Unit tests of code that needs to lease/return connections but does
not actually need to run SQL.
	A worked example for authors of new pool impls (the second impl is
what proves a behaviour is real).

This pool does NOT speak any database protocol. The conn() value
returned from checkout/2 is an opaque reference that callers can
match on in tests but cannot pass to pgo or any other driver.
Pool layout
Each pool owns one ETS table, named after the pool atom. The table
holds two rows:
	{available, [ref()]} — free connection refs.
	{checked_out, #{ref() => pid()}} — leased refs and their owner.

pool_size from start_pool/2 opts determines how many refs are
pre-generated. Defaults to 1.
Example
{ok, _Pid} = kura_pool_ets:start_pool(my_test_pool, #{pool_size => 4}),
{ok, Conn, Token} = kura_pool_ets:checkout(my_test_pool, #{}),
%% ... use Conn ...
ok = kura_pool_ets:checkin(my_test_pool, Token),
ok = kura_pool_ets:stop_pool(my_test_pool).

      


      
        Summary


  
    Types
  


    
      
        conn()

      


        Opaque connection ref. Tests may pattern-match on it; production code must not.



    





  
    Functions
  


    
      
        capabilities()

      


        Empty capability set. This pool does not speak any database protocol,
so it supports none of the standard SQL feature flags. Consumers that
require any capability via kura_capabilities:require/2 will refuse
to start when configured against this pool, which is the correct
behavior for a fake test pool.



    


    
      
        checkin(Name, Token)

      


    


    
      
        checkout(Name, Opts)

      


    


    
      
        give_away/3

      


    


    
      
        resize(Name, Size)

      


    


    
      
        start_pool(Name, Opts)

      


    


    
      
        stop_pool(Name)

      


    





      


      
        Types


        


  
    
      
    
    
      conn()



        
          
        

    

  


  

      

          -type conn() :: reference().


      


Opaque connection ref. Tests may pattern-match on it; production code must not.

  


        

      

      
        Functions


        


  
    
      
    
    
      capabilities()



        
          
        

    

  


  

      

          -spec capabilities() -> kura_capabilities:capability_set().


      


Empty capability set. This pool does not speak any database protocol,
so it supports none of the standard SQL feature flags. Consumers that
require any capability via kura_capabilities:require/2 will refuse
to start when configured against this pool, which is the correct
behavior for a fake test pool.

  



  
    
      
    
    
      checkin(Name, Token)



        
          
        

    

  


  

      

          -spec checkin(kura_pool:name(), kura_pool:token()) -> ok.


      



  



  
    
      
    
    
      checkout(Name, Opts)



        
          
        

    

  


  

      

          -spec checkout(kura_pool:name(), kura_pool:checkout_opts()) ->
                  {ok, kura_pool:conn(), kura_pool:token()} | {error, term()}.


      



  



  
    
      
    
    
      give_away/3



        
          
        

    

  


  

      

          -spec give_away(kura_pool:token(), pid(), term()) -> ok | {error, term()}.


      



  



  
    
      
    
    
      resize(Name, Size)



        
          
        

    

  


  

      

          -spec resize(kura_pool:name(), pos_integer()) -> ok | {error, term()}.


      



  



  
    
      
    
    
      start_pool(Name, Opts)



        
          
        

    

  


  

      

          -spec start_pool(kura_pool:name(), kura_pool:opts()) -> {ok, pid()} | {error, term()}.


      



  



  
    
      
    
    
      stop_pool(Name)



        
          
        

    

  


  

      

          -spec stop_pool(kura_pool:name()) -> ok.


      



  


        

      


  

    
kura_preloader 
    




      
        Summary


  
    Functions
  


    
      
        do_preload(RepoMod, Records, Schema, Assocs)

      


    


    
      
        preload(RepoMod, Schema, Record, Assocs)

      


    





      


      
        Functions


        


  
    
      
    
    
      do_preload(RepoMod, Records, Schema, Assocs)



        
          
        

    

  


  


  



  
    
      
    
    
      preload(RepoMod, Schema, Record, Assocs)



        
          
        

    

  


  

      

          -spec preload(module(), module(), map() | [map()], [atom() | {atom(), list()}]) -> map() | [map()].


      



  


        

      


  

    
kura_query_cache 
    



      
ETS-based cache for compiled query results.
Caches {SQL, Params} tuples keyed by {RepoMod, Query} so two repos
with different dialects don't share entries. Identical queries through
the same repo skip recompilation.
The key carries the whole query term rather than a hash of it: an entry
holds bound parameters as well as SQL, so serving the wrong entry would
hand a caller another query's rows rather than merely a slower path. ETS
hashes the term itself, so hashing the key by hand only reintroduces a
collision class the table had already eliminated.
Bound parameters are part of both key and value, so a parameterised query
interns a fresh entry per distinct value set and the table only ever
grows. Two limits bound it, both counted in words and both configurable:
	query_cache_max_memory (default 8000000 words, ~64 MB on 64-bit) -
once the table exceeds it the whole cache is dropped and refills.
	query_cache_max_entry_size (default 4096 words) - a single result
bigger than this is never interned.

The per-entry ceiling is the load-bearing one. A where {id, in, List}
built from a caller-supplied array stores that list in both key and
value, so capping entry count alone would still let a few thousand
oversized entries exhaust the node.
See kura#163 for the shape-only cache that removes the need for either.
The ETS table is owned by kura_query_cache_owner (a gen_server under
kura_sup), so the table survives any caller exiting.

      


      
        Summary


  
    Functions
  


    
      
        flush()

      


        Drop every cached entry. Required after swapping a repo's dialect at
runtime, since the dialect is not part of the cache key. Also used by
tests.



    


    
      
        get(Key)

      


        Look up a cached compiled query by key.



    


    
      
        handle_call(Req, From, State)

      


    


    
      
        handle_cast(Msg, State)

      


    


    
      
        init()

      


        Initialize the query cache ETS table. No-op when the cache owner is
already running (the normal app-startup path). Used by tests that
exercise the cache without starting the kura app.



    


    
      
        init/1

      


    


    
      
        put(Key, Result)

      


        Store a compiled query result for a key. Skips entries larger than
query_cache_max_entry_size, and drops the whole cache first when it has
grown past query_cache_max_memory, so a workload of parameterised
queries cannot grow the table without bound.



    


    
      
        start_link()

      


    





      


      
        Functions


        


  
    
      
    
    
      flush()



        
          
        

    

  


  

      

          -spec flush() -> ok.


      


Drop every cached entry. Required after swapping a repo's dialect at
runtime, since the dialect is not part of the cache key. Also used by
tests.

  



  
    
      
    
    
      get(Key)



        
          
        

    

  


  

      

          -spec get(term()) -> {ok, {iodata(), [term()]}} | miss.


      


Look up a cached compiled query by key.

  



  
    
      
    
    
      handle_call(Req, From, State)



        
          
        

    

  


  


  



  
    
      
    
    
      handle_cast(Msg, State)



        
          
        

    

  


  


  



  
    
      
    
    
      init()



        
          
        

    

  


  

      

          -spec init() -> ok.


      


Initialize the query cache ETS table. No-op when the cache owner is
already running (the normal app-startup path). Used by tests that
exercise the cache without starting the kura app.

  



  
    
      
    
    
      init/1



        
          
        

    

  


  

      

          -spec init([]) -> {ok, []}.


      



  



  
    
      
    
    
      put(Key, Result)



        
          
        

    

  


  

      

          -spec put(term(), {iodata(), [term()]}) -> ok.


      


Store a compiled query result for a key. Skips entries larger than
query_cache_max_entry_size, and drops the whole cache first when it has
grown past query_cache_max_memory, so a workload of parameterised
queries cannot grow the table without bound.
Dropping is not atomic with the insert, so concurrent putters can
transiently overshoot the limit or wipe each other's entry. Both cost a
recompile on the next lookup; neither can serve a wrong entry.

  



  
    
      
    
    
      start_link()



        
          
        

    

  


  

      

          -spec start_link() -> gen_server:start_ret().


      



  


        

      


  

    
kura_schema_verify 
    



      
Runtime verification that declared schemas match the live database.
Schemas declare their structure via kura_schema:fields/0 and
kura_schema:indexes/0. Migrations are supposed to bring the
database into agreement with those declarations — but every step in
that chain has been a silent failure mode in production:
	a generated migration was forgotten and never committed,
	a hand-written migration had a typo,
	the migration was applied on staging but rolled back on prod
(e.g. a deploy aborted partway),
	the schema was edited without regenerating the migration,
	rebar3 kura compile missed the diff (e.g. an index that was
declared after the table-creation migration but before
index-diffing was supported by the plugin).

Each of these leaves an app that boots cleanly and only fails on
the first query that touches the missing column or constraint —
often hours later, in production. verify/1,2 is the runtime
guardrail: call it from a healthcheck or readiness probe, fail
loudly if drift is detected.
The check is structural, not behavioural: column type comparisons
across the postgres⇄kura type boundary are too noisy to be useful
(e.g. string ⇄ character varying(255) ⇄ text are equivalent
in practice and would generate false positives). We pin only:
	declared tables exist
	declared columns exist (by name) on those tables
	declared indexes exist (by generated name)

False negatives are possible (e.g. column type drift), but every
issue this does report is a real, blocking problem.

      


      
        Summary


  
    Types
  


    
      
        drift_issue()

      


    





  
    Functions
  


    
      
        declared_index_name(Table, Cols)

      


        The conventional name kura generates for an index declared via
kura_schema:indexes/0. Exposed so callers building diagnostics
can match against pg_indexes.indexname.



    


    
      
        discover_schemas(RepoMod)

      


        Discover all kura_schema-implementing modules reachable from the
application that owns RepoMod. Uses the same app-modules-list
discovery contract that the migrator uses internally to find
migration modules. Useful as a starting point for building scoped
verifiers.



    


    
      
        verify(RepoMod)

      


        Verify all schemas reachable from the repo's owning application.



    


    
      
        verify/2

      


        Verify a specific list of schema modules. Useful when callers want
to scope the check (for example, to a single domain) rather than
cover the whole app.



    





      


      
        Types


        


  
    
      
    
    
      drift_issue()



        
          
        

    

  


  

      

          -type drift_issue() ::
          {missing_table, binary()} |
          {missing_column, binary(), binary()} |
          {missing_index, binary(), [atom()], map()}.


      



  


        

      

      
        Functions


        


  
    
      
    
    
      declared_index_name(Table, Cols)



        
          
        

    

  


  

      

          -spec declared_index_name(binary(), [atom()]) -> binary().


      


The conventional name kura generates for an index declared via
kura_schema:indexes/0. Exposed so callers building diagnostics
can match against pg_indexes.indexname.

  



  
    
      
    
    
      discover_schemas(RepoMod)



        
          
        

    

  


  

      

          -spec discover_schemas(module()) -> [module()].


      


Discover all kura_schema-implementing modules reachable from the
application that owns RepoMod. Uses the same app-modules-list
discovery contract that the migrator uses internally to find
migration modules. Useful as a starting point for building scoped
verifiers.

  



  
    
      
    
    
      verify(RepoMod)



        
          
        

    

  


  

      

          -spec verify(module()) -> ok | {drift, [drift_issue()]} | {error, term()}.


      


Verify all schemas reachable from the repo's owning application.
Returns ok if every declared schema's table, columns, and indexes
exist in the live database. Returns {drift, Issues} listing each
discrepancy. Returns {error, Reason} if the database itself can't
be reached.

  



  
    
      
    
    
      verify/2



        
          
        

    

  


  

      

          -spec verify(module(), [module()]) -> ok | {drift, [drift_issue()]} | {error, term()}.


      


Verify a specific list of schema modules. Useful when callers want
to scope the check (for example, to a single domain) rather than
cover the whole app.

  


        

      


  

    
kura_type behaviour
    



      
Behaviour for user-defined types.
Implement this behaviour to create custom types that integrate with
Kura's cast/dump/load pipeline.
Example: Money type (integer cents)
-module(money_type).
-behaviour(kura_type).
-export([cast/1, dump/1, load/1, pg_type/0]).

pg_type() -> ~"INTEGER".

cast({dollars, D}) when is_number(D) -> {ok, round(D * 100)};
cast(V) when is_integer(V)          -> {ok, V};
cast(_)                              -> {error, ~"expected integer cents or {dollars, N}"}.

dump(V) when is_integer(V) -> {ok, V};
dump(_)                    -> {error, ~"expected integer"}.

load(V) when is_integer(V) -> {ok, V};
load(_)                    -> {error, ~"unexpected value"}.
Then use in your schema:
fields() ->
    [#kura_field{name = price, type = {custom, money_type}}].

      


      
        Summary


  
    Callbacks
  


    
      
        cast/1

      


        Cast an external value to the internal representation.



    


    
      
        dump/1

      


        Convert the internal value to a format suitable for PostgreSQL.



    


    
      
        load/1

      


        Convert a PostgreSQL value back to the internal representation.



    


    
      
        pg_type()

      


        Return the PostgreSQL DDL type string (e.g. ~"INTEGER", ~"TEXT").



    





      


      
        Callbacks


        


  
    
      
    
    
      cast/1



        
          
        

    

  


  

      

          -callback cast(term()) -> {ok, term()} | {error, binary()}.


      


Cast an external value to the internal representation.

  



  
    
      
    
    
      dump/1



        
          
        

    

  


  

      

          -callback dump(term()) -> {ok, term()} | {error, binary()}.


      


Convert the internal value to a format suitable for PostgreSQL.

  



  
    
      
    
    
      load/1



        
          
        

    

  


  

      

          -callback load(term()) -> {ok, term()} | {error, binary()}.


      


Convert a PostgreSQL value back to the internal representation.

  



  
    
      
    
    
      pg_type()



        
          
        

    

  


  

      

          -callback pg_type() -> binary().


      


Return the PostgreSQL DDL type string (e.g. ~"INTEGER", ~"TEXT").

  


        

      


  

    
kura_changeset 
    



      
Changesets for casting external data, validating fields, and declaring constraints.
A changeset tracks changes against existing data, accumulates errors, and
declares database constraints for friendly error handling on insert/update.
CS = kura_changeset:cast(my_user, #{}, Params, [name, email]),
CS1 = kura_changeset:validate_required(CS, [name, email]),
CS2 = kura_changeset:validate_format(CS1, email, <<"@">>),
CS3 = kura_changeset:unique_constraint(CS2, email).

      


      
        Summary


  
    Functions
  


    
      
        add_error/3

      


        Add an error to the changeset for Field.



    


    
      
        apply_action/2

      


        Apply changes if valid, returning {ok, Map} or {error, Changeset} with the action set.



    


    
      
        apply_changes/1

      


        Merge changes into data, returning the resulting map (does not validate).



    


    
      
        cast/4

      


        Create a changeset by casting Params against type definitions, filtering to Allowed fields.



    


    
      
        cast_assoc(CS, AssocName)

      


        Cast nested association parameters into child changesets.



    


    
      
        cast_assoc(CS, AssocName, Opts)

      


        Cast nested association parameters with options. Opts: with - custom changeset function.



    


    
      
        cast_embed(CS, EmbedName)

      


        Cast nested embedded schema parameters into parent changes.



    


    
      
        cast_embed(CS, EmbedName, Opts)

      


        Cast nested embedded schema parameters with options. Opts: with - custom changeset function.



    


    
      
        check_constraint(CS, Constraint, Field)

      


        Declare a check constraint with the given Constraint name mapped to Field.



    


    
      
        check_constraint/4

      


    


    
      
        exclusion_constraint(CS, Field)

      


        Declare a PostgreSQL exclusion (EXCLUDE) constraint on Field.



    


    
      
        exclusion_constraint/3

      


    


    
      
        foreign_key_constraint(CS, Field)

      


        Declare a foreign key constraint on Field.



    


    
      
        foreign_key_constraint/3

      


    


    
      
        get_change/2

      


        Get a change value, or undefined if the field was not changed.



    


    
      
        get_change/3

      


        Get a change value, or Default if the field was not changed.



    


    
      
        get_field(ChangeSet, Field)

      


        Get the field value from changes (preferred) or data.



    


    
      
        get_field/3

      


    


    
      
        normalize_params(Params)

      


    


    
      
        optimistic_lock/2

      


        Enable optimistic locking on Field, incrementing it on each update.



    


    
      
        prepare_changes/2

      


        Register a callback to run just before repo operations (insert/update).



    


    
      
        put_assoc(CS, AssocName, Value)

      


        Put pre-built changesets or raw maps directly as association changes.



    


    
      
        put_change/3

      


        Put a change value directly, bypassing casting.



    


    
      
        traverse_errors/2

      


        Transform errors via a callback, returning #{field => [transformed_messages]}.



    


    
      
        unique_constraint(CS, Field)

      


        Declare a unique constraint on Field for friendly DB error mapping.



    


    
      
        unique_constraint/3

      


    


    
      
        validate_change(CS, Field, Fun)

      


        Validate Field with a custom function returning ok or {error, Message}.



    


    
      
        validate_confirmation(CS, Field)

      


        Validate that Field has a matching confirmation field in params.



    


    
      
        validate_confirmation(CS, Field, Opts)

      


        Validate confirmation with options. Opts: #{message => binary()}.



    


    
      
        validate_exclusion(CS, Field, DisallowedValues)

      


        Validate that Field value is NOT in the given list of DisallowedValues.



    


    
      
        validate_format(CS, Field, Pattern)

      


        Validate that Field matches the regex Pattern.



    


    
      
        validate_inclusion(CS, Field, Values)

      


        Validate that Field value is in the given list of Values.



    


    
      
        validate_length(CS, Field, Opts)

      


        Validate length of Field. Opts: {min, N}, {max, N}, {is, N}.



    


    
      
        validate_number(CS, Field, Opts)

      


        Validate numeric Field. Opts: {greater_than, N}, {less_than, N}, etc.



    


    
      
        validate_required/2

      


        Validate that all Fields are present and non-blank.



    


    
      
        validate_subset(CS, Field, AllowedValues)

      


        Validate that all values in an array Field are within AllowedValues.



    





      


      
        Functions


        


  
    
      
    
    
      add_error/3



        
          
        

    

  


  

      

          -spec add_error(#kura_changeset{valid :: boolean(),
                                schema :: module() | undefined,
                                data :: map(),
                                params :: map(),
                                changes :: map(),
                                errors :: [{atom(), binary()}],
                                types :: #{atom() => kura_types:kura_type()},
                                required :: [atom()],
                                action :: atom() | undefined,
                                constraints ::
                                    [#kura_constraint{type :: unique | foreign_key | check | exclusion,
                                                      constraint :: binary(),
                                                      field :: atom(),
                                                      message :: binary()}],
                                assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                optimistic_lock :: atom() | undefined},
                atom(),
                binary()) ->
                   #kura_changeset{valid :: boolean(),
                                   schema :: module() | undefined,
                                   data :: map(),
                                   params :: map(),
                                   changes :: map(),
                                   errors :: [{atom(), binary()}],
                                   types :: #{atom() => kura_types:kura_type()},
                                   required :: [atom()],
                                   action :: atom() | undefined,
                                   constraints ::
                                       [#kura_constraint{type ::
                                                             unique | foreign_key | check | exclusion,
                                                         constraint :: binary(),
                                                         field :: atom(),
                                                         message :: binary()}],
                                   assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                   prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                   optimistic_lock :: atom() | undefined}.


      


Add an error to the changeset for Field.

  



  
    
      
    
    
      apply_action/2



        
          
        

    

  


  

      

          -spec apply_action(#kura_changeset{valid :: boolean(),
                                   schema :: module() | undefined,
                                   data :: map(),
                                   params :: map(),
                                   changes :: map(),
                                   errors :: [{atom(), binary()}],
                                   types :: #{atom() => kura_types:kura_type()},
                                   required :: [atom()],
                                   action :: atom() | undefined,
                                   constraints ::
                                       [#kura_constraint{type ::
                                                             unique | foreign_key | check | exclusion,
                                                         constraint :: binary(),
                                                         field :: atom(),
                                                         message :: binary()}],
                                   assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                   prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                   optimistic_lock :: atom() | undefined},
                   atom()) ->
                      {ok, map()} |
                      {error,
                       #kura_changeset{valid :: boolean(),
                                       schema :: module() | undefined,
                                       data :: map(),
                                       params :: map(),
                                       changes :: map(),
                                       errors :: [{atom(), binary()}],
                                       types :: #{atom() => kura_types:kura_type()},
                                       required :: [atom()],
                                       action :: atom() | undefined,
                                       constraints ::
                                           [#kura_constraint{type ::
                                                                 unique | foreign_key | check |
                                                                 exclusion,
                                                             constraint :: binary(),
                                                             field :: atom(),
                                                             message :: binary()}],
                                       assoc_changes ::
                                           #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                       prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                       optimistic_lock :: atom() | undefined}}.


      


Apply changes if valid, returning {ok, Map} or {error, Changeset} with the action set.

  



  
    
      
    
    
      apply_changes/1



        
          
        

    

  


  

      

          -spec apply_changes(#kura_changeset{valid :: boolean(),
                                    schema :: module() | undefined,
                                    data :: map(),
                                    params :: map(),
                                    changes :: map(),
                                    errors :: [{atom(), binary()}],
                                    types :: #{atom() => kura_types:kura_type()},
                                    required :: [atom()],
                                    action :: atom() | undefined,
                                    constraints ::
                                        [#kura_constraint{type ::
                                                              unique | foreign_key | check | exclusion,
                                                          constraint :: binary(),
                                                          field :: atom(),
                                                          message :: binary()}],
                                    assoc_changes ::
                                        #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                    prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                    optimistic_lock :: atom() | undefined}) ->
                       map().


      


Merge changes into data, returning the resulting map (does not validate).

  



  
    
      
    
    
      cast/4



        
          
        

    

  


  

      

          -spec cast(module() | #{atom() => kura_types:kura_type()}, map(), map(), [atom()]) ->
              #kura_changeset{valid :: boolean(),
                              schema :: module() | undefined,
                              data :: map(),
                              params :: map(),
                              changes :: map(),
                              errors :: [{atom(), binary()}],
                              types :: #{atom() => kura_types:kura_type()},
                              required :: [atom()],
                              action :: atom() | undefined,
                              constraints ::
                                  [#kura_constraint{type :: unique | foreign_key | check | exclusion,
                                                    constraint :: binary(),
                                                    field :: atom(),
                                                    message :: binary()}],
                              assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                              prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                              optimistic_lock :: atom() | undefined}.


      


Create a changeset by casting Params against type definitions, filtering to Allowed fields.
The first argument can be either a schema module (atom) or a types map for schemaless changesets:
%% Schema-based
CS = kura_changeset:cast(my_user, #{}, Params, [name, email]).

%% Schemaless
Types = #{email => string, password => string},
CS = kura_changeset:cast(Types, #{}, Params, [email, password]).
Schemaless changesets are validation-only - they cannot be persisted via kura_repo.

  



  
    
      
    
    
      cast_assoc(CS, AssocName)



        
          
        

    

  


  

      

          -spec cast_assoc(#kura_changeset{valid :: boolean(),
                                 schema :: module() | undefined,
                                 data :: map(),
                                 params :: map(),
                                 changes :: map(),
                                 errors :: [{atom(), binary()}],
                                 types :: #{atom() => kura_types:kura_type()},
                                 required :: [atom()],
                                 action :: atom() | undefined,
                                 constraints ::
                                     [#kura_constraint{type :: unique | foreign_key | check | exclusion,
                                                       constraint :: binary(),
                                                       field :: atom(),
                                                       message :: binary()}],
                                 assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                 prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                 optimistic_lock :: atom() | undefined},
                 atom()) ->
                    #kura_changeset{valid :: boolean(),
                                    schema :: module() | undefined,
                                    data :: map(),
                                    params :: map(),
                                    changes :: map(),
                                    errors :: [{atom(), binary()}],
                                    types :: #{atom() => kura_types:kura_type()},
                                    required :: [atom()],
                                    action :: atom() | undefined,
                                    constraints ::
                                        [#kura_constraint{type ::
                                                              unique | foreign_key | check | exclusion,
                                                          constraint :: binary(),
                                                          field :: atom(),
                                                          message :: binary()}],
                                    assoc_changes ::
                                        #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                    prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                    optimistic_lock :: atom() | undefined}.


      


Cast nested association parameters into child changesets.

  



  
    
      
    
    
      cast_assoc(CS, AssocName, Opts)



        
          
        

    

  


  

      

          -spec cast_assoc(#kura_changeset{valid :: boolean(),
                                 schema :: module() | undefined,
                                 data :: map(),
                                 params :: map(),
                                 changes :: map(),
                                 errors :: [{atom(), binary()}],
                                 types :: #{atom() => kura_types:kura_type()},
                                 required :: [atom()],
                                 action :: atom() | undefined,
                                 constraints ::
                                     [#kura_constraint{type :: unique | foreign_key | check | exclusion,
                                                       constraint :: binary(),
                                                       field :: atom(),
                                                       message :: binary()}],
                                 assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                 prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                 optimistic_lock :: atom() | undefined},
                 atom(),
                 map()) ->
                    #kura_changeset{valid :: boolean(),
                                    schema :: module() | undefined,
                                    data :: map(),
                                    params :: map(),
                                    changes :: map(),
                                    errors :: [{atom(), binary()}],
                                    types :: #{atom() => kura_types:kura_type()},
                                    required :: [atom()],
                                    action :: atom() | undefined,
                                    constraints ::
                                        [#kura_constraint{type ::
                                                              unique | foreign_key | check | exclusion,
                                                          constraint :: binary(),
                                                          field :: atom(),
                                                          message :: binary()}],
                                    assoc_changes ::
                                        #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                    prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                    optimistic_lock :: atom() | undefined}.


      


Cast nested association parameters with options. Opts: with - custom changeset function.

  



  
    
      
    
    
      cast_embed(CS, EmbedName)



        
          
        

    

  


  

      

          -spec cast_embed(#kura_changeset{valid :: boolean(),
                                 schema :: module() | undefined,
                                 data :: map(),
                                 params :: map(),
                                 changes :: map(),
                                 errors :: [{atom(), binary()}],
                                 types :: #{atom() => kura_types:kura_type()},
                                 required :: [atom()],
                                 action :: atom() | undefined,
                                 constraints ::
                                     [#kura_constraint{type :: unique | foreign_key | check | exclusion,
                                                       constraint :: binary(),
                                                       field :: atom(),
                                                       message :: binary()}],
                                 assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                 prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                 optimistic_lock :: atom() | undefined},
                 atom()) ->
                    #kura_changeset{valid :: boolean(),
                                    schema :: module() | undefined,
                                    data :: map(),
                                    params :: map(),
                                    changes :: map(),
                                    errors :: [{atom(), binary()}],
                                    types :: #{atom() => kura_types:kura_type()},
                                    required :: [atom()],
                                    action :: atom() | undefined,
                                    constraints ::
                                        [#kura_constraint{type ::
                                                              unique | foreign_key | check | exclusion,
                                                          constraint :: binary(),
                                                          field :: atom(),
                                                          message :: binary()}],
                                    assoc_changes ::
                                        #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                    prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                    optimistic_lock :: atom() | undefined}.


      


Cast nested embedded schema parameters into parent changes.

  



  
    
      
    
    
      cast_embed(CS, EmbedName, Opts)



        
          
        

    

  


  

      

          -spec cast_embed(#kura_changeset{valid :: boolean(),
                                 schema :: module() | undefined,
                                 data :: map(),
                                 params :: map(),
                                 changes :: map(),
                                 errors :: [{atom(), binary()}],
                                 types :: #{atom() => kura_types:kura_type()},
                                 required :: [atom()],
                                 action :: atom() | undefined,
                                 constraints ::
                                     [#kura_constraint{type :: unique | foreign_key | check | exclusion,
                                                       constraint :: binary(),
                                                       field :: atom(),
                                                       message :: binary()}],
                                 assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                 prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                 optimistic_lock :: atom() | undefined},
                 atom(),
                 map()) ->
                    #kura_changeset{valid :: boolean(),
                                    schema :: module() | undefined,
                                    data :: map(),
                                    params :: map(),
                                    changes :: map(),
                                    errors :: [{atom(), binary()}],
                                    types :: #{atom() => kura_types:kura_type()},
                                    required :: [atom()],
                                    action :: atom() | undefined,
                                    constraints ::
                                        [#kura_constraint{type ::
                                                              unique | foreign_key | check | exclusion,
                                                          constraint :: binary(),
                                                          field :: atom(),
                                                          message :: binary()}],
                                    assoc_changes ::
                                        #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                    prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                    optimistic_lock :: atom() | undefined}.


      


Cast nested embedded schema parameters with options. Opts: with - custom changeset function.

  



  
    
      
    
    
      check_constraint(CS, Constraint, Field)



        
          
        

    

  


  

      

          -spec check_constraint(#kura_changeset{valid :: boolean(),
                                       schema :: module() | undefined,
                                       data :: map(),
                                       params :: map(),
                                       changes :: map(),
                                       errors :: [{atom(), binary()}],
                                       types :: #{atom() => kura_types:kura_type()},
                                       required :: [atom()],
                                       action :: atom() | undefined,
                                       constraints ::
                                           [#kura_constraint{type ::
                                                                 unique | foreign_key | check |
                                                                 exclusion,
                                                             constraint :: binary(),
                                                             field :: atom(),
                                                             message :: binary()}],
                                       assoc_changes ::
                                           #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                       prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                       optimistic_lock :: atom() | undefined},
                       binary(),
                       atom()) ->
                          #kura_changeset{valid :: boolean(),
                                          schema :: module() | undefined,
                                          data :: map(),
                                          params :: map(),
                                          changes :: map(),
                                          errors :: [{atom(), binary()}],
                                          types :: #{atom() => kura_types:kura_type()},
                                          required :: [atom()],
                                          action :: atom() | undefined,
                                          constraints ::
                                              [#kura_constraint{type ::
                                                                    unique | foreign_key | check |
                                                                    exclusion,
                                                                constraint :: binary(),
                                                                field :: atom(),
                                                                message :: binary()}],
                                          assoc_changes ::
                                              #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                          prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                          optimistic_lock :: atom() | undefined}.


      


Declare a check constraint with the given Constraint name mapped to Field.

  



  
    
      
    
    
      check_constraint/4



        
          
        

    

  


  

      

          -spec check_constraint(#kura_changeset{valid :: boolean(),
                                       schema :: module() | undefined,
                                       data :: map(),
                                       params :: map(),
                                       changes :: map(),
                                       errors :: [{atom(), binary()}],
                                       types :: #{atom() => kura_types:kura_type()},
                                       required :: [atom()],
                                       action :: atom() | undefined,
                                       constraints ::
                                           [#kura_constraint{type ::
                                                                 unique | foreign_key | check |
                                                                 exclusion,
                                                             constraint :: binary(),
                                                             field :: atom(),
                                                             message :: binary()}],
                                       assoc_changes ::
                                           #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                       prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                       optimistic_lock :: atom() | undefined},
                       binary(),
                       atom(),
                       map()) ->
                          #kura_changeset{valid :: boolean(),
                                          schema :: module() | undefined,
                                          data :: map(),
                                          params :: map(),
                                          changes :: map(),
                                          errors :: [{atom(), binary()}],
                                          types :: #{atom() => kura_types:kura_type()},
                                          required :: [atom()],
                                          action :: atom() | undefined,
                                          constraints ::
                                              [#kura_constraint{type ::
                                                                    unique | foreign_key | check |
                                                                    exclusion,
                                                                constraint :: binary(),
                                                                field :: atom(),
                                                                message :: binary()}],
                                          assoc_changes ::
                                              #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                          prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                          optimistic_lock :: atom() | undefined}.


      



  



  
    
      
    
    
      exclusion_constraint(CS, Field)



        
          
        

    

  


  

      

          -spec exclusion_constraint(#kura_changeset{valid :: boolean(),
                                           schema :: module() | undefined,
                                           data :: map(),
                                           params :: map(),
                                           changes :: map(),
                                           errors :: [{atom(), binary()}],
                                           types :: #{atom() => kura_types:kura_type()},
                                           required :: [atom()],
                                           action :: atom() | undefined,
                                           constraints ::
                                               [#kura_constraint{type ::
                                                                     unique | foreign_key | check |
                                                                     exclusion,
                                                                 constraint :: binary(),
                                                                 field :: atom(),
                                                                 message :: binary()}],
                                           assoc_changes ::
                                               #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                           prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                           optimistic_lock :: atom() | undefined},
                           atom()) ->
                              #kura_changeset{valid :: boolean(),
                                              schema :: module() | undefined,
                                              data :: map(),
                                              params :: map(),
                                              changes :: map(),
                                              errors :: [{atom(), binary()}],
                                              types :: #{atom() => kura_types:kura_type()},
                                              required :: [atom()],
                                              action :: atom() | undefined,
                                              constraints ::
                                                  [#kura_constraint{type ::
                                                                        unique | foreign_key | check |
                                                                        exclusion,
                                                                    constraint :: binary(),
                                                                    field :: atom(),
                                                                    message :: binary()}],
                                              assoc_changes ::
                                                  #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                              prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                              optimistic_lock :: atom() | undefined}.


      


Declare a PostgreSQL exclusion (EXCLUDE) constraint on Field.

  



  
    
      
    
    
      exclusion_constraint/3



        
          
        

    

  


  

      

          -spec exclusion_constraint(#kura_changeset{valid :: boolean(),
                                           schema :: module() | undefined,
                                           data :: map(),
                                           params :: map(),
                                           changes :: map(),
                                           errors :: [{atom(), binary()}],
                                           types :: #{atom() => kura_types:kura_type()},
                                           required :: [atom()],
                                           action :: atom() | undefined,
                                           constraints ::
                                               [#kura_constraint{type ::
                                                                     unique | foreign_key | check |
                                                                     exclusion,
                                                                 constraint :: binary(),
                                                                 field :: atom(),
                                                                 message :: binary()}],
                                           assoc_changes ::
                                               #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                           prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                           optimistic_lock :: atom() | undefined},
                           atom(),
                           map()) ->
                              #kura_changeset{valid :: boolean(),
                                              schema :: module() | undefined,
                                              data :: map(),
                                              params :: map(),
                                              changes :: map(),
                                              errors :: [{atom(), binary()}],
                                              types :: #{atom() => kura_types:kura_type()},
                                              required :: [atom()],
                                              action :: atom() | undefined,
                                              constraints ::
                                                  [#kura_constraint{type ::
                                                                        unique | foreign_key | check |
                                                                        exclusion,
                                                                    constraint :: binary(),
                                                                    field :: atom(),
                                                                    message :: binary()}],
                                              assoc_changes ::
                                                  #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                              prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                              optimistic_lock :: atom() | undefined}.


      



  



  
    
      
    
    
      foreign_key_constraint(CS, Field)



        
          
        

    

  


  

      

          -spec foreign_key_constraint(#kura_changeset{valid :: boolean(),
                                             schema :: module() | undefined,
                                             data :: map(),
                                             params :: map(),
                                             changes :: map(),
                                             errors :: [{atom(), binary()}],
                                             types :: #{atom() => kura_types:kura_type()},
                                             required :: [atom()],
                                             action :: atom() | undefined,
                                             constraints ::
                                                 [#kura_constraint{type ::
                                                                       unique | foreign_key | check |
                                                                       exclusion,
                                                                   constraint :: binary(),
                                                                   field :: atom(),
                                                                   message :: binary()}],
                                             assoc_changes ::
                                                 #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                             prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                             optimistic_lock :: atom() | undefined},
                             atom()) ->
                                #kura_changeset{valid :: boolean(),
                                                schema :: module() | undefined,
                                                data :: map(),
                                                params :: map(),
                                                changes :: map(),
                                                errors :: [{atom(), binary()}],
                                                types :: #{atom() => kura_types:kura_type()},
                                                required :: [atom()],
                                                action :: atom() | undefined,
                                                constraints ::
                                                    [#kura_constraint{type ::
                                                                          unique | foreign_key | check |
                                                                          exclusion,
                                                                      constraint :: binary(),
                                                                      field :: atom(),
                                                                      message :: binary()}],
                                                assoc_changes ::
                                                    #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                                prepare ::
                                                    [fun((#kura_changeset{}) -> #kura_changeset{})],
                                                optimistic_lock :: atom() | undefined}.


      


Declare a foreign key constraint on Field.

  



  
    
      
    
    
      foreign_key_constraint/3



        
          
        

    

  


  

      

          -spec foreign_key_constraint(#kura_changeset{valid :: boolean(),
                                             schema :: module() | undefined,
                                             data :: map(),
                                             params :: map(),
                                             changes :: map(),
                                             errors :: [{atom(), binary()}],
                                             types :: #{atom() => kura_types:kura_type()},
                                             required :: [atom()],
                                             action :: atom() | undefined,
                                             constraints ::
                                                 [#kura_constraint{type ::
                                                                       unique | foreign_key | check |
                                                                       exclusion,
                                                                   constraint :: binary(),
                                                                   field :: atom(),
                                                                   message :: binary()}],
                                             assoc_changes ::
                                                 #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                             prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                             optimistic_lock :: atom() | undefined},
                             atom(),
                             map()) ->
                                #kura_changeset{valid :: boolean(),
                                                schema :: module() | undefined,
                                                data :: map(),
                                                params :: map(),
                                                changes :: map(),
                                                errors :: [{atom(), binary()}],
                                                types :: #{atom() => kura_types:kura_type()},
                                                required :: [atom()],
                                                action :: atom() | undefined,
                                                constraints ::
                                                    [#kura_constraint{type ::
                                                                          unique | foreign_key | check |
                                                                          exclusion,
                                                                      constraint :: binary(),
                                                                      field :: atom(),
                                                                      message :: binary()}],
                                                assoc_changes ::
                                                    #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                                prepare ::
                                                    [fun((#kura_changeset{}) -> #kura_changeset{})],
                                                optimistic_lock :: atom() | undefined}.


      



  



  
    
      
    
    
      get_change/2



        
          
        

    

  


  

      

          -spec get_change(#kura_changeset{valid :: boolean(),
                                 schema :: module() | undefined,
                                 data :: map(),
                                 params :: map(),
                                 changes :: map(),
                                 errors :: [{atom(), binary()}],
                                 types :: #{atom() => kura_types:kura_type()},
                                 required :: [atom()],
                                 action :: atom() | undefined,
                                 constraints ::
                                     [#kura_constraint{type :: unique | foreign_key | check | exclusion,
                                                       constraint :: binary(),
                                                       field :: atom(),
                                                       message :: binary()}],
                                 assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                 prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                 optimistic_lock :: atom() | undefined},
                 atom()) ->
                    term().


      


Get a change value, or undefined if the field was not changed.

  



  
    
      
    
    
      get_change/3



        
          
        

    

  


  

      

          -spec get_change(#kura_changeset{valid :: boolean(),
                                 schema :: module() | undefined,
                                 data :: map(),
                                 params :: map(),
                                 changes :: map(),
                                 errors :: [{atom(), binary()}],
                                 types :: #{atom() => kura_types:kura_type()},
                                 required :: [atom()],
                                 action :: atom() | undefined,
                                 constraints ::
                                     [#kura_constraint{type :: unique | foreign_key | check | exclusion,
                                                       constraint :: binary(),
                                                       field :: atom(),
                                                       message :: binary()}],
                                 assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                 prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                 optimistic_lock :: atom() | undefined},
                 atom(),
                 term()) ->
                    term().


      


Get a change value, or Default if the field was not changed.

  



  
    
      
    
    
      get_field(ChangeSet, Field)



        
          
        

    

  


  

      

          -spec get_field(#kura_changeset{valid :: boolean(),
                                schema :: module() | undefined,
                                data :: map(),
                                params :: map(),
                                changes :: map(),
                                errors :: [{atom(), binary()}],
                                types :: #{atom() => kura_types:kura_type()},
                                required :: [atom()],
                                action :: atom() | undefined,
                                constraints ::
                                    [#kura_constraint{type :: unique | foreign_key | check | exclusion,
                                                      constraint :: binary(),
                                                      field :: atom(),
                                                      message :: binary()}],
                                assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                optimistic_lock :: atom() | undefined},
                atom()) ->
                   term().


      


Get the field value from changes (preferred) or data.

  



  
    
      
    
    
      get_field/3



        
          
        

    

  


  

      

          -spec get_field(#kura_changeset{valid :: boolean(),
                                schema :: module() | undefined,
                                data :: map(),
                                params :: map(),
                                changes :: map(),
                                errors :: [{atom(), binary()}],
                                types :: #{atom() => kura_types:kura_type()},
                                required :: [atom()],
                                action :: atom() | undefined,
                                constraints ::
                                    [#kura_constraint{type :: unique | foreign_key | check | exclusion,
                                                      constraint :: binary(),
                                                      field :: atom(),
                                                      message :: binary()}],
                                assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                optimistic_lock :: atom() | undefined},
                atom(),
                term()) ->
                   term().


      



  



  
    
      
    
    
      normalize_params(Params)



        
          
        

    

  


  


  



  
    
      
    
    
      optimistic_lock/2



        
          
        

    

  


  

      

          -spec optimistic_lock(#kura_changeset{valid :: boolean(),
                                      schema :: module() | undefined,
                                      data :: map(),
                                      params :: map(),
                                      changes :: map(),
                                      errors :: [{atom(), binary()}],
                                      types :: #{atom() => kura_types:kura_type()},
                                      required :: [atom()],
                                      action :: atom() | undefined,
                                      constraints ::
                                          [#kura_constraint{type ::
                                                                unique | foreign_key | check | exclusion,
                                                            constraint :: binary(),
                                                            field :: atom(),
                                                            message :: binary()}],
                                      assoc_changes ::
                                          #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                      prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                      optimistic_lock :: atom() | undefined},
                      atom()) ->
                         #kura_changeset{valid :: boolean(),
                                         schema :: module() | undefined,
                                         data :: map(),
                                         params :: map(),
                                         changes :: map(),
                                         errors :: [{atom(), binary()}],
                                         types :: #{atom() => kura_types:kura_type()},
                                         required :: [atom()],
                                         action :: atom() | undefined,
                                         constraints ::
                                             [#kura_constraint{type ::
                                                                   unique | foreign_key | check |
                                                                   exclusion,
                                                               constraint :: binary(),
                                                               field :: atom(),
                                                               message :: binary()}],
                                         assoc_changes ::
                                             #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                         prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                         optimistic_lock :: atom() | undefined}.


      


Enable optimistic locking on Field, incrementing it on each update.

  



  
    
      
    
    
      prepare_changes/2



        
          
        

    

  


  

      

          -spec prepare_changes(#kura_changeset{valid :: boolean(),
                                      schema :: module() | undefined,
                                      data :: map(),
                                      params :: map(),
                                      changes :: map(),
                                      errors :: [{atom(), binary()}],
                                      types :: #{atom() => kura_types:kura_type()},
                                      required :: [atom()],
                                      action :: atom() | undefined,
                                      constraints ::
                                          [#kura_constraint{type ::
                                                                unique | foreign_key | check | exclusion,
                                                            constraint :: binary(),
                                                            field :: atom(),
                                                            message :: binary()}],
                                      assoc_changes ::
                                          #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                      prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                      optimistic_lock :: atom() | undefined},
                      fun((#kura_changeset{valid :: boolean(),
                                           schema :: module() | undefined,
                                           data :: map(),
                                           params :: map(),
                                           changes :: map(),
                                           errors :: [{atom(), binary()}],
                                           types :: #{atom() => kura_types:kura_type()},
                                           required :: [atom()],
                                           action :: atom() | undefined,
                                           constraints ::
                                               [#kura_constraint{type ::
                                                                     unique | foreign_key | check |
                                                                     exclusion,
                                                                 constraint :: binary(),
                                                                 field :: atom(),
                                                                 message :: binary()}],
                                           assoc_changes ::
                                               #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                           prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                           optimistic_lock :: atom() | undefined}) ->
                              #kura_changeset{valid :: boolean(),
                                              schema :: module() | undefined,
                                              data :: map(),
                                              params :: map(),
                                              changes :: map(),
                                              errors :: [{atom(), binary()}],
                                              types :: #{atom() => kura_types:kura_type()},
                                              required :: [atom()],
                                              action :: atom() | undefined,
                                              constraints ::
                                                  [#kura_constraint{type ::
                                                                        unique | foreign_key | check |
                                                                        exclusion,
                                                                    constraint :: binary(),
                                                                    field :: atom(),
                                                                    message :: binary()}],
                                              assoc_changes ::
                                                  #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                              prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                              optimistic_lock :: atom() | undefined})) ->
                         #kura_changeset{valid :: boolean(),
                                         schema :: module() | undefined,
                                         data :: map(),
                                         params :: map(),
                                         changes :: map(),
                                         errors :: [{atom(), binary()}],
                                         types :: #{atom() => kura_types:kura_type()},
                                         required :: [atom()],
                                         action :: atom() | undefined,
                                         constraints ::
                                             [#kura_constraint{type ::
                                                                   unique | foreign_key | check |
                                                                   exclusion,
                                                               constraint :: binary(),
                                                               field :: atom(),
                                                               message :: binary()}],
                                         assoc_changes ::
                                             #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                         prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                         optimistic_lock :: atom() | undefined}.


      


Register a callback to run just before repo operations (insert/update).

  



  
    
      
    
    
      put_assoc(CS, AssocName, Value)



        
          
        

    

  


  

      

          -spec put_assoc(#kura_changeset{valid :: boolean(),
                                schema :: module() | undefined,
                                data :: map(),
                                params :: map(),
                                changes :: map(),
                                errors :: [{atom(), binary()}],
                                types :: #{atom() => kura_types:kura_type()},
                                required :: [atom()],
                                action :: atom() | undefined,
                                constraints ::
                                    [#kura_constraint{type :: unique | foreign_key | check | exclusion,
                                                      constraint :: binary(),
                                                      field :: atom(),
                                                      message :: binary()}],
                                assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                optimistic_lock :: atom() | undefined},
                atom(),
                term()) ->
                   #kura_changeset{valid :: boolean(),
                                   schema :: module() | undefined,
                                   data :: map(),
                                   params :: map(),
                                   changes :: map(),
                                   errors :: [{atom(), binary()}],
                                   types :: #{atom() => kura_types:kura_type()},
                                   required :: [atom()],
                                   action :: atom() | undefined,
                                   constraints ::
                                       [#kura_constraint{type ::
                                                             unique | foreign_key | check | exclusion,
                                                         constraint :: binary(),
                                                         field :: atom(),
                                                         message :: binary()}],
                                   assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                   prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                   optimistic_lock :: atom() | undefined}.


      


Put pre-built changesets or raw maps directly as association changes.

  



  
    
      
    
    
      put_change/3



        
          
        

    

  


  

      

          -spec put_change(#kura_changeset{valid :: boolean(),
                                 schema :: module() | undefined,
                                 data :: map(),
                                 params :: map(),
                                 changes :: map(),
                                 errors :: [{atom(), binary()}],
                                 types :: #{atom() => kura_types:kura_type()},
                                 required :: [atom()],
                                 action :: atom() | undefined,
                                 constraints ::
                                     [#kura_constraint{type :: unique | foreign_key | check | exclusion,
                                                       constraint :: binary(),
                                                       field :: atom(),
                                                       message :: binary()}],
                                 assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                 prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                 optimistic_lock :: atom() | undefined},
                 atom(),
                 term()) ->
                    #kura_changeset{valid :: boolean(),
                                    schema :: module() | undefined,
                                    data :: map(),
                                    params :: map(),
                                    changes :: map(),
                                    errors :: [{atom(), binary()}],
                                    types :: #{atom() => kura_types:kura_type()},
                                    required :: [atom()],
                                    action :: atom() | undefined,
                                    constraints ::
                                        [#kura_constraint{type ::
                                                              unique | foreign_key | check | exclusion,
                                                          constraint :: binary(),
                                                          field :: atom(),
                                                          message :: binary()}],
                                    assoc_changes ::
                                        #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                    prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                    optimistic_lock :: atom() | undefined}.


      


Put a change value directly, bypassing casting.

  



  
    
      
    
    
      traverse_errors/2



        
          
        

    

  


  

      

          -spec traverse_errors(#kura_changeset{valid :: boolean(),
                                      schema :: module() | undefined,
                                      data :: map(),
                                      params :: map(),
                                      changes :: map(),
                                      errors :: [{atom(), binary()}],
                                      types :: #{atom() => kura_types:kura_type()},
                                      required :: [atom()],
                                      action :: atom() | undefined,
                                      constraints ::
                                          [#kura_constraint{type ::
                                                                unique | foreign_key | check | exclusion,
                                                            constraint :: binary(),
                                                            field :: atom(),
                                                            message :: binary()}],
                                      assoc_changes ::
                                          #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                      prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                      optimistic_lock :: atom() | undefined},
                      fun((atom(), binary()) -> term())) ->
                         map().


      


Transform errors via a callback, returning #{field => [transformed_messages]}.

  



  
    
      
    
    
      unique_constraint(CS, Field)



        
          
        

    

  


  

      

          -spec unique_constraint(#kura_changeset{valid :: boolean(),
                                        schema :: module() | undefined,
                                        data :: map(),
                                        params :: map(),
                                        changes :: map(),
                                        errors :: [{atom(), binary()}],
                                        types :: #{atom() => kura_types:kura_type()},
                                        required :: [atom()],
                                        action :: atom() | undefined,
                                        constraints ::
                                            [#kura_constraint{type ::
                                                                  unique | foreign_key | check |
                                                                  exclusion,
                                                              constraint :: binary(),
                                                              field :: atom(),
                                                              message :: binary()}],
                                        assoc_changes ::
                                            #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                        prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                        optimistic_lock :: atom() | undefined},
                        atom()) ->
                           #kura_changeset{valid :: boolean(),
                                           schema :: module() | undefined,
                                           data :: map(),
                                           params :: map(),
                                           changes :: map(),
                                           errors :: [{atom(), binary()}],
                                           types :: #{atom() => kura_types:kura_type()},
                                           required :: [atom()],
                                           action :: atom() | undefined,
                                           constraints ::
                                               [#kura_constraint{type ::
                                                                     unique | foreign_key | check |
                                                                     exclusion,
                                                                 constraint :: binary(),
                                                                 field :: atom(),
                                                                 message :: binary()}],
                                           assoc_changes ::
                                               #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                           prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                           optimistic_lock :: atom() | undefined}.


      


Declare a unique constraint on Field for friendly DB error mapping.

  



  
    
      
    
    
      unique_constraint/3



        
          
        

    

  


  

      

          -spec unique_constraint(#kura_changeset{valid :: boolean(),
                                        schema :: module() | undefined,
                                        data :: map(),
                                        params :: map(),
                                        changes :: map(),
                                        errors :: [{atom(), binary()}],
                                        types :: #{atom() => kura_types:kura_type()},
                                        required :: [atom()],
                                        action :: atom() | undefined,
                                        constraints ::
                                            [#kura_constraint{type ::
                                                                  unique | foreign_key | check |
                                                                  exclusion,
                                                              constraint :: binary(),
                                                              field :: atom(),
                                                              message :: binary()}],
                                        assoc_changes ::
                                            #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                        prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                        optimistic_lock :: atom() | undefined},
                        atom(),
                        map()) ->
                           #kura_changeset{valid :: boolean(),
                                           schema :: module() | undefined,
                                           data :: map(),
                                           params :: map(),
                                           changes :: map(),
                                           errors :: [{atom(), binary()}],
                                           types :: #{atom() => kura_types:kura_type()},
                                           required :: [atom()],
                                           action :: atom() | undefined,
                                           constraints ::
                                               [#kura_constraint{type ::
                                                                     unique | foreign_key | check |
                                                                     exclusion,
                                                                 constraint :: binary(),
                                                                 field :: atom(),
                                                                 message :: binary()}],
                                           assoc_changes ::
                                               #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                           prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                           optimistic_lock :: atom() | undefined}.


      



  



  
    
      
    
    
      validate_change(CS, Field, Fun)



        
          
        

    

  


  

      

          -spec validate_change(#kura_changeset{valid :: boolean(),
                                      schema :: module() | undefined,
                                      data :: map(),
                                      params :: map(),
                                      changes :: map(),
                                      errors :: [{atom(), binary()}],
                                      types :: #{atom() => kura_types:kura_type()},
                                      required :: [atom()],
                                      action :: atom() | undefined,
                                      constraints ::
                                          [#kura_constraint{type ::
                                                                unique | foreign_key | check | exclusion,
                                                            constraint :: binary(),
                                                            field :: atom(),
                                                            message :: binary()}],
                                      assoc_changes ::
                                          #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                      prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                      optimistic_lock :: atom() | undefined},
                      atom(),
                      fun((term()) -> ok | {error, binary()})) ->
                         #kura_changeset{valid :: boolean(),
                                         schema :: module() | undefined,
                                         data :: map(),
                                         params :: map(),
                                         changes :: map(),
                                         errors :: [{atom(), binary()}],
                                         types :: #{atom() => kura_types:kura_type()},
                                         required :: [atom()],
                                         action :: atom() | undefined,
                                         constraints ::
                                             [#kura_constraint{type ::
                                                                   unique | foreign_key | check |
                                                                   exclusion,
                                                               constraint :: binary(),
                                                               field :: atom(),
                                                               message :: binary()}],
                                         assoc_changes ::
                                             #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                         prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                         optimistic_lock :: atom() | undefined}.


      


Validate Field with a custom function returning ok or {error, Message}.

  



  
    
      
    
    
      validate_confirmation(CS, Field)



        
          
        

    

  


  

      

          -spec validate_confirmation(#kura_changeset{valid :: boolean(),
                                            schema :: module() | undefined,
                                            data :: map(),
                                            params :: map(),
                                            changes :: map(),
                                            errors :: [{atom(), binary()}],
                                            types :: #{atom() => kura_types:kura_type()},
                                            required :: [atom()],
                                            action :: atom() | undefined,
                                            constraints ::
                                                [#kura_constraint{type ::
                                                                      unique | foreign_key | check |
                                                                      exclusion,
                                                                  constraint :: binary(),
                                                                  field :: atom(),
                                                                  message :: binary()}],
                                            assoc_changes ::
                                                #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                            prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                            optimistic_lock :: atom() | undefined},
                            atom()) ->
                               #kura_changeset{valid :: boolean(),
                                               schema :: module() | undefined,
                                               data :: map(),
                                               params :: map(),
                                               changes :: map(),
                                               errors :: [{atom(), binary()}],
                                               types :: #{atom() => kura_types:kura_type()},
                                               required :: [atom()],
                                               action :: atom() | undefined,
                                               constraints ::
                                                   [#kura_constraint{type ::
                                                                         unique | foreign_key | check |
                                                                         exclusion,
                                                                     constraint :: binary(),
                                                                     field :: atom(),
                                                                     message :: binary()}],
                                               assoc_changes ::
                                                   #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                               prepare ::
                                                   [fun((#kura_changeset{}) -> #kura_changeset{})],
                                               optimistic_lock :: atom() | undefined}.


      


Validate that Field has a matching confirmation field in params.

  



  
    
      
    
    
      validate_confirmation(CS, Field, Opts)



        
          
        

    

  


  

      

          -spec validate_confirmation(#kura_changeset{valid :: boolean(),
                                            schema :: module() | undefined,
                                            data :: map(),
                                            params :: map(),
                                            changes :: map(),
                                            errors :: [{atom(), binary()}],
                                            types :: #{atom() => kura_types:kura_type()},
                                            required :: [atom()],
                                            action :: atom() | undefined,
                                            constraints ::
                                                [#kura_constraint{type ::
                                                                      unique | foreign_key | check |
                                                                      exclusion,
                                                                  constraint :: binary(),
                                                                  field :: atom(),
                                                                  message :: binary()}],
                                            assoc_changes ::
                                                #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                            prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                            optimistic_lock :: atom() | undefined},
                            atom(),
                            map()) ->
                               #kura_changeset{valid :: boolean(),
                                               schema :: module() | undefined,
                                               data :: map(),
                                               params :: map(),
                                               changes :: map(),
                                               errors :: [{atom(), binary()}],
                                               types :: #{atom() => kura_types:kura_type()},
                                               required :: [atom()],
                                               action :: atom() | undefined,
                                               constraints ::
                                                   [#kura_constraint{type ::
                                                                         unique | foreign_key | check |
                                                                         exclusion,
                                                                     constraint :: binary(),
                                                                     field :: atom(),
                                                                     message :: binary()}],
                                               assoc_changes ::
                                                   #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                               prepare ::
                                                   [fun((#kura_changeset{}) -> #kura_changeset{})],
                                               optimistic_lock :: atom() | undefined}.


      


Validate confirmation with options. Opts: #{message => binary()}.

  



  
    
      
    
    
      validate_exclusion(CS, Field, DisallowedValues)



        
          
        

    

  


  

      

          -spec validate_exclusion(#kura_changeset{valid :: boolean(),
                                         schema :: module() | undefined,
                                         data :: map(),
                                         params :: map(),
                                         changes :: map(),
                                         errors :: [{atom(), binary()}],
                                         types :: #{atom() => kura_types:kura_type()},
                                         required :: [atom()],
                                         action :: atom() | undefined,
                                         constraints ::
                                             [#kura_constraint{type ::
                                                                   unique | foreign_key | check |
                                                                   exclusion,
                                                               constraint :: binary(),
                                                               field :: atom(),
                                                               message :: binary()}],
                                         assoc_changes ::
                                             #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                         prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                         optimistic_lock :: atom() | undefined},
                         atom(),
                         [term()]) ->
                            #kura_changeset{valid :: boolean(),
                                            schema :: module() | undefined,
                                            data :: map(),
                                            params :: map(),
                                            changes :: map(),
                                            errors :: [{atom(), binary()}],
                                            types :: #{atom() => kura_types:kura_type()},
                                            required :: [atom()],
                                            action :: atom() | undefined,
                                            constraints ::
                                                [#kura_constraint{type ::
                                                                      unique | foreign_key | check |
                                                                      exclusion,
                                                                  constraint :: binary(),
                                                                  field :: atom(),
                                                                  message :: binary()}],
                                            assoc_changes ::
                                                #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                            prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                            optimistic_lock :: atom() | undefined}.


      


Validate that Field value is NOT in the given list of DisallowedValues.

  



  
    
      
    
    
      validate_format(CS, Field, Pattern)



        
          
        

    

  


  

      

          -spec validate_format(#kura_changeset{valid :: boolean(),
                                      schema :: module() | undefined,
                                      data :: map(),
                                      params :: map(),
                                      changes :: map(),
                                      errors :: [{atom(), binary()}],
                                      types :: #{atom() => kura_types:kura_type()},
                                      required :: [atom()],
                                      action :: atom() | undefined,
                                      constraints ::
                                          [#kura_constraint{type ::
                                                                unique | foreign_key | check | exclusion,
                                                            constraint :: binary(),
                                                            field :: atom(),
                                                            message :: binary()}],
                                      assoc_changes ::
                                          #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                      prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                      optimistic_lock :: atom() | undefined},
                      atom(),
                      binary()) ->
                         #kura_changeset{valid :: boolean(),
                                         schema :: module() | undefined,
                                         data :: map(),
                                         params :: map(),
                                         changes :: map(),
                                         errors :: [{atom(), binary()}],
                                         types :: #{atom() => kura_types:kura_type()},
                                         required :: [atom()],
                                         action :: atom() | undefined,
                                         constraints ::
                                             [#kura_constraint{type ::
                                                                   unique | foreign_key | check |
                                                                   exclusion,
                                                               constraint :: binary(),
                                                               field :: atom(),
                                                               message :: binary()}],
                                         assoc_changes ::
                                             #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                         prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                         optimistic_lock :: atom() | undefined}.


      


Validate that Field matches the regex Pattern.

  



  
    
      
    
    
      validate_inclusion(CS, Field, Values)



        
          
        

    

  


  

      

          -spec validate_inclusion(#kura_changeset{valid :: boolean(),
                                         schema :: module() | undefined,
                                         data :: map(),
                                         params :: map(),
                                         changes :: map(),
                                         errors :: [{atom(), binary()}],
                                         types :: #{atom() => kura_types:kura_type()},
                                         required :: [atom()],
                                         action :: atom() | undefined,
                                         constraints ::
                                             [#kura_constraint{type ::
                                                                   unique | foreign_key | check |
                                                                   exclusion,
                                                               constraint :: binary(),
                                                               field :: atom(),
                                                               message :: binary()}],
                                         assoc_changes ::
                                             #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                         prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                         optimistic_lock :: atom() | undefined},
                         atom(),
                         [term()]) ->
                            #kura_changeset{valid :: boolean(),
                                            schema :: module() | undefined,
                                            data :: map(),
                                            params :: map(),
                                            changes :: map(),
                                            errors :: [{atom(), binary()}],
                                            types :: #{atom() => kura_types:kura_type()},
                                            required :: [atom()],
                                            action :: atom() | undefined,
                                            constraints ::
                                                [#kura_constraint{type ::
                                                                      unique | foreign_key | check |
                                                                      exclusion,
                                                                  constraint :: binary(),
                                                                  field :: atom(),
                                                                  message :: binary()}],
                                            assoc_changes ::
                                                #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                            prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                            optimistic_lock :: atom() | undefined}.


      


Validate that Field value is in the given list of Values.

  



  
    
      
    
    
      validate_length(CS, Field, Opts)



        
          
        

    

  


  

      

          -spec validate_length(#kura_changeset{valid :: boolean(),
                                      schema :: module() | undefined,
                                      data :: map(),
                                      params :: map(),
                                      changes :: map(),
                                      errors :: [{atom(), binary()}],
                                      types :: #{atom() => kura_types:kura_type()},
                                      required :: [atom()],
                                      action :: atom() | undefined,
                                      constraints ::
                                          [#kura_constraint{type ::
                                                                unique | foreign_key | check | exclusion,
                                                            constraint :: binary(),
                                                            field :: atom(),
                                                            message :: binary()}],
                                      assoc_changes ::
                                          #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                      prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                      optimistic_lock :: atom() | undefined},
                      atom(),
                      [{atom(), non_neg_integer()}]) ->
                         #kura_changeset{valid :: boolean(),
                                         schema :: module() | undefined,
                                         data :: map(),
                                         params :: map(),
                                         changes :: map(),
                                         errors :: [{atom(), binary()}],
                                         types :: #{atom() => kura_types:kura_type()},
                                         required :: [atom()],
                                         action :: atom() | undefined,
                                         constraints ::
                                             [#kura_constraint{type ::
                                                                   unique | foreign_key | check |
                                                                   exclusion,
                                                               constraint :: binary(),
                                                               field :: atom(),
                                                               message :: binary()}],
                                         assoc_changes ::
                                             #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                         prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                         optimistic_lock :: atom() | undefined}.


      


Validate length of Field. Opts: {min, N}, {max, N}, {is, N}.

  



  
    
      
    
    
      validate_number(CS, Field, Opts)



        
          
        

    

  


  

      

          -spec validate_number(#kura_changeset{valid :: boolean(),
                                      schema :: module() | undefined,
                                      data :: map(),
                                      params :: map(),
                                      changes :: map(),
                                      errors :: [{atom(), binary()}],
                                      types :: #{atom() => kura_types:kura_type()},
                                      required :: [atom()],
                                      action :: atom() | undefined,
                                      constraints ::
                                          [#kura_constraint{type ::
                                                                unique | foreign_key | check | exclusion,
                                                            constraint :: binary(),
                                                            field :: atom(),
                                                            message :: binary()}],
                                      assoc_changes ::
                                          #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                      prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                      optimistic_lock :: atom() | undefined},
                      atom(),
                      [{atom(), number()}]) ->
                         #kura_changeset{valid :: boolean(),
                                         schema :: module() | undefined,
                                         data :: map(),
                                         params :: map(),
                                         changes :: map(),
                                         errors :: [{atom(), binary()}],
                                         types :: #{atom() => kura_types:kura_type()},
                                         required :: [atom()],
                                         action :: atom() | undefined,
                                         constraints ::
                                             [#kura_constraint{type ::
                                                                   unique | foreign_key | check |
                                                                   exclusion,
                                                               constraint :: binary(),
                                                               field :: atom(),
                                                               message :: binary()}],
                                         assoc_changes ::
                                             #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                         prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                         optimistic_lock :: atom() | undefined}.


      


Validate numeric Field. Opts: {greater_than, N}, {less_than, N}, etc.

  



  
    
      
    
    
      validate_required/2



        
          
        

    

  


  

      

          -spec validate_required(#kura_changeset{valid :: boolean(),
                                        schema :: module() | undefined,
                                        data :: map(),
                                        params :: map(),
                                        changes :: map(),
                                        errors :: [{atom(), binary()}],
                                        types :: #{atom() => kura_types:kura_type()},
                                        required :: [atom()],
                                        action :: atom() | undefined,
                                        constraints ::
                                            [#kura_constraint{type ::
                                                                  unique | foreign_key | check |
                                                                  exclusion,
                                                              constraint :: binary(),
                                                              field :: atom(),
                                                              message :: binary()}],
                                        assoc_changes ::
                                            #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                        prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                        optimistic_lock :: atom() | undefined},
                        [atom()]) ->
                           #kura_changeset{valid :: boolean(),
                                           schema :: module() | undefined,
                                           data :: map(),
                                           params :: map(),
                                           changes :: map(),
                                           errors :: [{atom(), binary()}],
                                           types :: #{atom() => kura_types:kura_type()},
                                           required :: [atom()],
                                           action :: atom() | undefined,
                                           constraints ::
                                               [#kura_constraint{type ::
                                                                     unique | foreign_key | check |
                                                                     exclusion,
                                                                 constraint :: binary(),
                                                                 field :: atom(),
                                                                 message :: binary()}],
                                           assoc_changes ::
                                               #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                           prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                           optimistic_lock :: atom() | undefined}.


      


Validate that all Fields are present and non-blank.

  



  
    
      
    
    
      validate_subset(CS, Field, AllowedValues)



        
          
        

    

  


  

      

          -spec validate_subset(#kura_changeset{valid :: boolean(),
                                      schema :: module() | undefined,
                                      data :: map(),
                                      params :: map(),
                                      changes :: map(),
                                      errors :: [{atom(), binary()}],
                                      types :: #{atom() => kura_types:kura_type()},
                                      required :: [atom()],
                                      action :: atom() | undefined,
                                      constraints ::
                                          [#kura_constraint{type ::
                                                                unique | foreign_key | check | exclusion,
                                                            constraint :: binary(),
                                                            field :: atom(),
                                                            message :: binary()}],
                                      assoc_changes ::
                                          #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                      prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                      optimistic_lock :: atom() | undefined},
                      atom(),
                      [term()]) ->
                         #kura_changeset{valid :: boolean(),
                                         schema :: module() | undefined,
                                         data :: map(),
                                         params :: map(),
                                         changes :: map(),
                                         errors :: [{atom(), binary()}],
                                         types :: #{atom() => kura_types:kura_type()},
                                         required :: [atom()],
                                         action :: atom() | undefined,
                                         constraints ::
                                             [#kura_constraint{type ::
                                                                   unique | foreign_key | check |
                                                                   exclusion,
                                                               constraint :: binary(),
                                                               field :: atom(),
                                                               message :: binary()}],
                                         assoc_changes ::
                                             #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                         prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                         optimistic_lock :: atom() | undefined}.


      


Validate that all values in an array Field are within AllowedValues.

  


        

      


  

    
kura_query 
    



      
Composable, functional query builder.
Build queries by piping through from/1, where/2, select/2, order_by/2,
etc. Queries are compiled to parameterized SQL by kura_query_compiler.
Q = kura_query:from(my_user),
Q1 = kura_query:where(Q, {active, true}),
Q2 = kura_query:order_by(Q1, [{name, asc}]),
Q3 = kura_query:limit(Q2, 10).

      


      
        Summary


  
    Types
  


    
      
        window_fn()

      


    


    
      
        window_spec()

      


    





  
    Functions
  


    
      
        avg(Q, Field)

      


    


    
      
        count(Q)

      


        Set query to SELECT COUNT(*).



    


    
      
        count(Q, Field)

      


    


    
      
        distinct(Q)

      


    


    
      
        distinct(Q, Fields)

      


    


    
      
        except/2

      


        Combine queries with EXCEPT.



    


    
      
        from(Source)

      


        Start a query from the given schema module or table atom.



    


    
      
        group_by(Q, Fields)

      


    


    
      
        having/2

      


    


    
      
        intersect/2

      


        Combine queries with INTERSECT.



    


    
      
        join(Q, Type, Table, On)

      


        Add a JOIN clause. Table can be a schema module or raw table atom.
On is {LeftCol, RightCol} where LeftCol is on the previous table
(FROM for the first join, or the last joined table) and RightCol is on
the joined table. For chained joins, the left side automatically advances.



    


    
      
        join/5

      


    


    
      
        limit(Q, N)

      


    


    
      
        lock(Q, LockExpr)

      


    


    
      
        max(Q, Field)

      


    


    
      
        min(Q, Field)

      


    


    
      
        offset(Q, N)

      


    


    
      
        only_deleted(Q)

      


        Return only soft-deleted records.



    


    
      
        order_by(Q, Orders)

      


        Set ORDER BY clauses as [{field, asc | desc}].



    


    
      
        over(WindowFn, Spec)

      


        Build a window-function expression for use inside select_expr/2.



    


    
      
        prefix(Q, Schema)

      


    


    
      
        preload/2

      


        Add associations to preload after query execution.



    


    
      
        scope(Query, Fun)

      


        Apply a composable query transform function.



    


    
      
        select(Q, Fields)

      


        Set the SELECT fields. Pass atoms for columns or {agg, field} tuples for aggregates.



    


    
      
        select_expr(Q, Exprs)

      


        Set SELECT expressions with aliases. Each expression is {Alias, Expr}
where Expr is a plain field atom, a {fragment, SQL, Params}, or a
window expression from over/2.



    


    
      
        sum(Q, Field)

      


    


    
      
        union/2

      


        Combine queries with UNION (removes duplicates).



    


    
      
        union_all/2

      


        Combine queries with UNION ALL (keeps duplicates).



    


    
      
        where/2

      


        Add a WHERE condition. Conditions: {field, value}, {field, op, value}, {'and', [...]}, etc.



    


    
      
        with_cte/3

      


        Add a Common Table Expression (WITH clause).



    


    
      
        with_deleted(Q)

      


        Include soft-deleted records in query results.



    





      


      
        Types


        


  
    
      
    
    
      window_fn()



        
          
        

    

  


  

      

          -type window_fn() :: {count | sum | avg | min | max, atom()} | row_number | rank | dense_rank.


      



  



  
    
      
    
    
      window_spec()



        
          
        

    

  


  

      

          -type window_spec() :: #{partition_by => [atom()], order_by => [{atom(), asc | desc}]}.


      



  


        

      

      
        Functions


        


  
    
      
    
    
      avg(Q, Field)



        
          
        

    

  


  

      

          -spec avg(#kura_query{from :: atom() | module() | undefined,
                      select :: [atom() | term()] | {exprs, [term()]},
                      wheres :: [term()],
                      joins :: [term()],
                      order_bys :: [term()],
                      group_bys :: [atom()],
                      havings :: [term()],
                      limit :: non_neg_integer() | undefined,
                      offset :: non_neg_integer() | undefined,
                      distinct :: boolean() | [atom()],
                      lock :: binary() | undefined,
                      prefix :: binary() | undefined,
                      preloads :: [atom() | {atom(), list()}],
                      ctes :: [{binary(), #kura_query{}}],
                      combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                      include_deleted :: boolean()},
          atom()) ->
             #kura_query{from :: atom() | module() | undefined,
                         select :: [atom() | term()] | {exprs, [term()]},
                         wheres :: [term()],
                         joins :: [term()],
                         order_bys :: [term()],
                         group_bys :: [atom()],
                         havings :: [term()],
                         limit :: non_neg_integer() | undefined,
                         offset :: non_neg_integer() | undefined,
                         distinct :: boolean() | [atom()],
                         lock :: binary() | undefined,
                         prefix :: binary() | undefined,
                         preloads :: [atom() | {atom(), list()}],
                         ctes :: [{binary(), #kura_query{}}],
                         combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                         include_deleted :: boolean()}.


      



  



  
    
      
    
    
      count(Q)



        
          
        

    

  


  

      

          -spec count(#kura_query{from :: atom() | module() | undefined,
                        select :: [atom() | term()] | {exprs, [term()]},
                        wheres :: [term()],
                        joins :: [term()],
                        order_bys :: [term()],
                        group_bys :: [atom()],
                        havings :: [term()],
                        limit :: non_neg_integer() | undefined,
                        offset :: non_neg_integer() | undefined,
                        distinct :: boolean() | [atom()],
                        lock :: binary() | undefined,
                        prefix :: binary() | undefined,
                        preloads :: [atom() | {atom(), list()}],
                        ctes :: [{binary(), #kura_query{}}],
                        combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                        include_deleted :: boolean()}) ->
               #kura_query{from :: atom() | module() | undefined,
                           select :: [atom() | term()] | {exprs, [term()]},
                           wheres :: [term()],
                           joins :: [term()],
                           order_bys :: [term()],
                           group_bys :: [atom()],
                           havings :: [term()],
                           limit :: non_neg_integer() | undefined,
                           offset :: non_neg_integer() | undefined,
                           distinct :: boolean() | [atom()],
                           lock :: binary() | undefined,
                           prefix :: binary() | undefined,
                           preloads :: [atom() | {atom(), list()}],
                           ctes :: [{binary(), #kura_query{}}],
                           combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                           include_deleted :: boolean()}.


      


Set query to SELECT COUNT(*).

  



  
    
      
    
    
      count(Q, Field)



        
          
        

    

  


  

      

          -spec count(#kura_query{from :: atom() | module() | undefined,
                        select :: [atom() | term()] | {exprs, [term()]},
                        wheres :: [term()],
                        joins :: [term()],
                        order_bys :: [term()],
                        group_bys :: [atom()],
                        havings :: [term()],
                        limit :: non_neg_integer() | undefined,
                        offset :: non_neg_integer() | undefined,
                        distinct :: boolean() | [atom()],
                        lock :: binary() | undefined,
                        prefix :: binary() | undefined,
                        preloads :: [atom() | {atom(), list()}],
                        ctes :: [{binary(), #kura_query{}}],
                        combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                        include_deleted :: boolean()},
            atom()) ->
               #kura_query{from :: atom() | module() | undefined,
                           select :: [atom() | term()] | {exprs, [term()]},
                           wheres :: [term()],
                           joins :: [term()],
                           order_bys :: [term()],
                           group_bys :: [atom()],
                           havings :: [term()],
                           limit :: non_neg_integer() | undefined,
                           offset :: non_neg_integer() | undefined,
                           distinct :: boolean() | [atom()],
                           lock :: binary() | undefined,
                           prefix :: binary() | undefined,
                           preloads :: [atom() | {atom(), list()}],
                           ctes :: [{binary(), #kura_query{}}],
                           combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                           include_deleted :: boolean()}.


      



  



  
    
      
    
    
      distinct(Q)



        
          
        

    

  


  

      

          -spec distinct(#kura_query{from :: atom() | module() | undefined,
                           select :: [atom() | term()] | {exprs, [term()]},
                           wheres :: [term()],
                           joins :: [term()],
                           order_bys :: [term()],
                           group_bys :: [atom()],
                           havings :: [term()],
                           limit :: non_neg_integer() | undefined,
                           offset :: non_neg_integer() | undefined,
                           distinct :: boolean() | [atom()],
                           lock :: binary() | undefined,
                           prefix :: binary() | undefined,
                           preloads :: [atom() | {atom(), list()}],
                           ctes :: [{binary(), #kura_query{}}],
                           combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                           include_deleted :: boolean()}) ->
                  #kura_query{from :: atom() | module() | undefined,
                              select :: [atom() | term()] | {exprs, [term()]},
                              wheres :: [term()],
                              joins :: [term()],
                              order_bys :: [term()],
                              group_bys :: [atom()],
                              havings :: [term()],
                              limit :: non_neg_integer() | undefined,
                              offset :: non_neg_integer() | undefined,
                              distinct :: boolean() | [atom()],
                              lock :: binary() | undefined,
                              prefix :: binary() | undefined,
                              preloads :: [atom() | {atom(), list()}],
                              ctes :: [{binary(), #kura_query{}}],
                              combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                              include_deleted :: boolean()}.


      



  



  
    
      
    
    
      distinct(Q, Fields)



        
          
        

    

  


  

      

          -spec distinct(#kura_query{from :: atom() | module() | undefined,
                           select :: [atom() | term()] | {exprs, [term()]},
                           wheres :: [term()],
                           joins :: [term()],
                           order_bys :: [term()],
                           group_bys :: [atom()],
                           havings :: [term()],
                           limit :: non_neg_integer() | undefined,
                           offset :: non_neg_integer() | undefined,
                           distinct :: boolean() | [atom()],
                           lock :: binary() | undefined,
                           prefix :: binary() | undefined,
                           preloads :: [atom() | {atom(), list()}],
                           ctes :: [{binary(), #kura_query{}}],
                           combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                           include_deleted :: boolean()},
               [atom()]) ->
                  #kura_query{from :: atom() | module() | undefined,
                              select :: [atom() | term()] | {exprs, [term()]},
                              wheres :: [term()],
                              joins :: [term()],
                              order_bys :: [term()],
                              group_bys :: [atom()],
                              havings :: [term()],
                              limit :: non_neg_integer() | undefined,
                              offset :: non_neg_integer() | undefined,
                              distinct :: boolean() | [atom()],
                              lock :: binary() | undefined,
                              prefix :: binary() | undefined,
                              preloads :: [atom() | {atom(), list()}],
                              ctes :: [{binary(), #kura_query{}}],
                              combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                              include_deleted :: boolean()}.


      



  



  
    
      
    
    
      except/2



        
          
        

    

  


  

      

          -spec except(#kura_query{from :: atom() | module() | undefined,
                         select :: [atom() | term()] | {exprs, [term()]},
                         wheres :: [term()],
                         joins :: [term()],
                         order_bys :: [term()],
                         group_bys :: [atom()],
                         havings :: [term()],
                         limit :: non_neg_integer() | undefined,
                         offset :: non_neg_integer() | undefined,
                         distinct :: boolean() | [atom()],
                         lock :: binary() | undefined,
                         prefix :: binary() | undefined,
                         preloads :: [atom() | {atom(), list()}],
                         ctes :: [{binary(), #kura_query{}}],
                         combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                         include_deleted :: boolean()},
             #kura_query{from :: atom() | module() | undefined,
                         select :: [atom() | term()] | {exprs, [term()]},
                         wheres :: [term()],
                         joins :: [term()],
                         order_bys :: [term()],
                         group_bys :: [atom()],
                         havings :: [term()],
                         limit :: non_neg_integer() | undefined,
                         offset :: non_neg_integer() | undefined,
                         distinct :: boolean() | [atom()],
                         lock :: binary() | undefined,
                         prefix :: binary() | undefined,
                         preloads :: [atom() | {atom(), list()}],
                         ctes :: [{binary(), #kura_query{}}],
                         combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                         include_deleted :: boolean()}) ->
                #kura_query{from :: atom() | module() | undefined,
                            select :: [atom() | term()] | {exprs, [term()]},
                            wheres :: [term()],
                            joins :: [term()],
                            order_bys :: [term()],
                            group_bys :: [atom()],
                            havings :: [term()],
                            limit :: non_neg_integer() | undefined,
                            offset :: non_neg_integer() | undefined,
                            distinct :: boolean() | [atom()],
                            lock :: binary() | undefined,
                            prefix :: binary() | undefined,
                            preloads :: [atom() | {atom(), list()}],
                            ctes :: [{binary(), #kura_query{}}],
                            combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                            include_deleted :: boolean()}.


      


Combine queries with EXCEPT.

  



  
    
      
    
    
      from(Source)



        
          
        

    

  


  

      

          -spec from(atom() | module()) ->
              #kura_query{from :: atom() | module() | undefined,
                          select :: [atom() | term()] | {exprs, [term()]},
                          wheres :: [term()],
                          joins :: [term()],
                          order_bys :: [term()],
                          group_bys :: [atom()],
                          havings :: [term()],
                          limit :: non_neg_integer() | undefined,
                          offset :: non_neg_integer() | undefined,
                          distinct :: boolean() | [atom()],
                          lock :: binary() | undefined,
                          prefix :: binary() | undefined,
                          preloads :: [atom() | {atom(), list()}],
                          ctes :: [{binary(), #kura_query{}}],
                          combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                          include_deleted :: boolean()}.


      


Start a query from the given schema module or table atom.

  



  
    
      
    
    
      group_by(Q, Fields)



        
          
        

    

  


  

      

          -spec group_by(#kura_query{from :: atom() | module() | undefined,
                           select :: [atom() | term()] | {exprs, [term()]},
                           wheres :: [term()],
                           joins :: [term()],
                           order_bys :: [term()],
                           group_bys :: [atom()],
                           havings :: [term()],
                           limit :: non_neg_integer() | undefined,
                           offset :: non_neg_integer() | undefined,
                           distinct :: boolean() | [atom()],
                           lock :: binary() | undefined,
                           prefix :: binary() | undefined,
                           preloads :: [atom() | {atom(), list()}],
                           ctes :: [{binary(), #kura_query{}}],
                           combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                           include_deleted :: boolean()},
               [atom()]) ->
                  #kura_query{from :: atom() | module() | undefined,
                              select :: [atom() | term()] | {exprs, [term()]},
                              wheres :: [term()],
                              joins :: [term()],
                              order_bys :: [term()],
                              group_bys :: [atom()],
                              havings :: [term()],
                              limit :: non_neg_integer() | undefined,
                              offset :: non_neg_integer() | undefined,
                              distinct :: boolean() | [atom()],
                              lock :: binary() | undefined,
                              prefix :: binary() | undefined,
                              preloads :: [atom() | {atom(), list()}],
                              ctes :: [{binary(), #kura_query{}}],
                              combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                              include_deleted :: boolean()}.


      



  



  
    
      
    
    
      having/2



        
          
        

    

  


  

      

          -spec having(#kura_query{from :: atom() | module() | undefined,
                         select :: [atom() | term()] | {exprs, [term()]},
                         wheres :: [term()],
                         joins :: [term()],
                         order_bys :: [term()],
                         group_bys :: [atom()],
                         havings :: [term()],
                         limit :: non_neg_integer() | undefined,
                         offset :: non_neg_integer() | undefined,
                         distinct :: boolean() | [atom()],
                         lock :: binary() | undefined,
                         prefix :: binary() | undefined,
                         preloads :: [atom() | {atom(), list()}],
                         ctes :: [{binary(), #kura_query{}}],
                         combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                         include_deleted :: boolean()},
             term()) ->
                #kura_query{from :: atom() | module() | undefined,
                            select :: [atom() | term()] | {exprs, [term()]},
                            wheres :: [term()],
                            joins :: [term()],
                            order_bys :: [term()],
                            group_bys :: [atom()],
                            havings :: [term()],
                            limit :: non_neg_integer() | undefined,
                            offset :: non_neg_integer() | undefined,
                            distinct :: boolean() | [atom()],
                            lock :: binary() | undefined,
                            prefix :: binary() | undefined,
                            preloads :: [atom() | {atom(), list()}],
                            ctes :: [{binary(), #kura_query{}}],
                            combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                            include_deleted :: boolean()}.


      



  



  
    
      
    
    
      intersect/2



        
          
        

    

  


  

      

          -spec intersect(#kura_query{from :: atom() | module() | undefined,
                            select :: [atom() | term()] | {exprs, [term()]},
                            wheres :: [term()],
                            joins :: [term()],
                            order_bys :: [term()],
                            group_bys :: [atom()],
                            havings :: [term()],
                            limit :: non_neg_integer() | undefined,
                            offset :: non_neg_integer() | undefined,
                            distinct :: boolean() | [atom()],
                            lock :: binary() | undefined,
                            prefix :: binary() | undefined,
                            preloads :: [atom() | {atom(), list()}],
                            ctes :: [{binary(), #kura_query{}}],
                            combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                            include_deleted :: boolean()},
                #kura_query{from :: atom() | module() | undefined,
                            select :: [atom() | term()] | {exprs, [term()]},
                            wheres :: [term()],
                            joins :: [term()],
                            order_bys :: [term()],
                            group_bys :: [atom()],
                            havings :: [term()],
                            limit :: non_neg_integer() | undefined,
                            offset :: non_neg_integer() | undefined,
                            distinct :: boolean() | [atom()],
                            lock :: binary() | undefined,
                            prefix :: binary() | undefined,
                            preloads :: [atom() | {atom(), list()}],
                            ctes :: [{binary(), #kura_query{}}],
                            combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                            include_deleted :: boolean()}) ->
                   #kura_query{from :: atom() | module() | undefined,
                               select :: [atom() | term()] | {exprs, [term()]},
                               wheres :: [term()],
                               joins :: [term()],
                               order_bys :: [term()],
                               group_bys :: [atom()],
                               havings :: [term()],
                               limit :: non_neg_integer() | undefined,
                               offset :: non_neg_integer() | undefined,
                               distinct :: boolean() | [atom()],
                               lock :: binary() | undefined,
                               prefix :: binary() | undefined,
                               preloads :: [atom() | {atom(), list()}],
                               ctes :: [{binary(), #kura_query{}}],
                               combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                               include_deleted :: boolean()}.


      


Combine queries with INTERSECT.

  



  
    
      
    
    
      join(Q, Type, Table, On)



        
          
        

    

  


  

      

          -spec join(#kura_query{from :: atom() | module() | undefined,
                       select :: [atom() | term()] | {exprs, [term()]},
                       wheres :: [term()],
                       joins :: [term()],
                       order_bys :: [term()],
                       group_bys :: [atom()],
                       havings :: [term()],
                       limit :: non_neg_integer() | undefined,
                       offset :: non_neg_integer() | undefined,
                       distinct :: boolean() | [atom()],
                       lock :: binary() | undefined,
                       prefix :: binary() | undefined,
                       preloads :: [atom() | {atom(), list()}],
                       ctes :: [{binary(), #kura_query{}}],
                       combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                       include_deleted :: boolean()},
           inner | left | right | full,
           atom(),
           {atom(), atom()}) ->
              #kura_query{from :: atom() | module() | undefined,
                          select :: [atom() | term()] | {exprs, [term()]},
                          wheres :: [term()],
                          joins :: [term()],
                          order_bys :: [term()],
                          group_bys :: [atom()],
                          havings :: [term()],
                          limit :: non_neg_integer() | undefined,
                          offset :: non_neg_integer() | undefined,
                          distinct :: boolean() | [atom()],
                          lock :: binary() | undefined,
                          prefix :: binary() | undefined,
                          preloads :: [atom() | {atom(), list()}],
                          ctes :: [{binary(), #kura_query{}}],
                          combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                          include_deleted :: boolean()}.


      


Add a JOIN clause. Table can be a schema module or raw table atom.
On is {LeftCol, RightCol} where LeftCol is on the previous table
(FROM for the first join, or the last joined table) and RightCol is on
the joined table. For chained joins, the left side automatically advances.
Q = kura_query:from(user_schema),
Q1 = kura_query:join(Q, inner, post_schema, {id, user_id}),
%% => users.id = posts.user_id
Q2 = kura_query:join(Q1, inner, comment_schema, {id, post_id}).
%% => posts.id = comments.post_id

  



  
    
      
    
    
      join/5



        
          
        

    

  


  

      

          -spec join(#kura_query{from :: atom() | module() | undefined,
                       select :: [atom() | term()] | {exprs, [term()]},
                       wheres :: [term()],
                       joins :: [term()],
                       order_bys :: [term()],
                       group_bys :: [atom()],
                       havings :: [term()],
                       limit :: non_neg_integer() | undefined,
                       offset :: non_neg_integer() | undefined,
                       distinct :: boolean() | [atom()],
                       lock :: binary() | undefined,
                       prefix :: binary() | undefined,
                       preloads :: [atom() | {atom(), list()}],
                       ctes :: [{binary(), #kura_query{}}],
                       combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                       include_deleted :: boolean()},
           inner | left | right | full,
           atom(),
           {atom(), atom()},
           atom() | undefined) ->
              #kura_query{from :: atom() | module() | undefined,
                          select :: [atom() | term()] | {exprs, [term()]},
                          wheres :: [term()],
                          joins :: [term()],
                          order_bys :: [term()],
                          group_bys :: [atom()],
                          havings :: [term()],
                          limit :: non_neg_integer() | undefined,
                          offset :: non_neg_integer() | undefined,
                          distinct :: boolean() | [atom()],
                          lock :: binary() | undefined,
                          prefix :: binary() | undefined,
                          preloads :: [atom() | {atom(), list()}],
                          ctes :: [{binary(), #kura_query{}}],
                          combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                          include_deleted :: boolean()}.


      



  



  
    
      
    
    
      limit(Q, N)



        
          
        

    

  


  

      

          -spec limit(#kura_query{from :: atom() | module() | undefined,
                        select :: [atom() | term()] | {exprs, [term()]},
                        wheres :: [term()],
                        joins :: [term()],
                        order_bys :: [term()],
                        group_bys :: [atom()],
                        havings :: [term()],
                        limit :: non_neg_integer() | undefined,
                        offset :: non_neg_integer() | undefined,
                        distinct :: boolean() | [atom()],
                        lock :: binary() | undefined,
                        prefix :: binary() | undefined,
                        preloads :: [atom() | {atom(), list()}],
                        ctes :: [{binary(), #kura_query{}}],
                        combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                        include_deleted :: boolean()},
            non_neg_integer()) ->
               #kura_query{from :: atom() | module() | undefined,
                           select :: [atom() | term()] | {exprs, [term()]},
                           wheres :: [term()],
                           joins :: [term()],
                           order_bys :: [term()],
                           group_bys :: [atom()],
                           havings :: [term()],
                           limit :: non_neg_integer() | undefined,
                           offset :: non_neg_integer() | undefined,
                           distinct :: boolean() | [atom()],
                           lock :: binary() | undefined,
                           prefix :: binary() | undefined,
                           preloads :: [atom() | {atom(), list()}],
                           ctes :: [{binary(), #kura_query{}}],
                           combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                           include_deleted :: boolean()}.


      



  



  
    
      
    
    
      lock(Q, LockExpr)



        
          
        

    

  


  

      

          -spec lock(#kura_query{from :: atom() | module() | undefined,
                       select :: [atom() | term()] | {exprs, [term()]},
                       wheres :: [term()],
                       joins :: [term()],
                       order_bys :: [term()],
                       group_bys :: [atom()],
                       havings :: [term()],
                       limit :: non_neg_integer() | undefined,
                       offset :: non_neg_integer() | undefined,
                       distinct :: boolean() | [atom()],
                       lock :: binary() | undefined,
                       prefix :: binary() | undefined,
                       preloads :: [atom() | {atom(), list()}],
                       ctes :: [{binary(), #kura_query{}}],
                       combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                       include_deleted :: boolean()},
           binary()) ->
              #kura_query{from :: atom() | module() | undefined,
                          select :: [atom() | term()] | {exprs, [term()]},
                          wheres :: [term()],
                          joins :: [term()],
                          order_bys :: [term()],
                          group_bys :: [atom()],
                          havings :: [term()],
                          limit :: non_neg_integer() | undefined,
                          offset :: non_neg_integer() | undefined,
                          distinct :: boolean() | [atom()],
                          lock :: binary() | undefined,
                          prefix :: binary() | undefined,
                          preloads :: [atom() | {atom(), list()}],
                          ctes :: [{binary(), #kura_query{}}],
                          combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                          include_deleted :: boolean()}.


      



  



  
    
      
    
    
      max(Q, Field)



        
          
        

    

  


  

      

          -spec max(#kura_query{from :: atom() | module() | undefined,
                      select :: [atom() | term()] | {exprs, [term()]},
                      wheres :: [term()],
                      joins :: [term()],
                      order_bys :: [term()],
                      group_bys :: [atom()],
                      havings :: [term()],
                      limit :: non_neg_integer() | undefined,
                      offset :: non_neg_integer() | undefined,
                      distinct :: boolean() | [atom()],
                      lock :: binary() | undefined,
                      prefix :: binary() | undefined,
                      preloads :: [atom() | {atom(), list()}],
                      ctes :: [{binary(), #kura_query{}}],
                      combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                      include_deleted :: boolean()},
          atom()) ->
             #kura_query{from :: atom() | module() | undefined,
                         select :: [atom() | term()] | {exprs, [term()]},
                         wheres :: [term()],
                         joins :: [term()],
                         order_bys :: [term()],
                         group_bys :: [atom()],
                         havings :: [term()],
                         limit :: non_neg_integer() | undefined,
                         offset :: non_neg_integer() | undefined,
                         distinct :: boolean() | [atom()],
                         lock :: binary() | undefined,
                         prefix :: binary() | undefined,
                         preloads :: [atom() | {atom(), list()}],
                         ctes :: [{binary(), #kura_query{}}],
                         combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                         include_deleted :: boolean()}.


      



  



  
    
      
    
    
      min(Q, Field)



        
          
        

    

  


  

      

          -spec min(#kura_query{from :: atom() | module() | undefined,
                      select :: [atom() | term()] | {exprs, [term()]},
                      wheres :: [term()],
                      joins :: [term()],
                      order_bys :: [term()],
                      group_bys :: [atom()],
                      havings :: [term()],
                      limit :: non_neg_integer() | undefined,
                      offset :: non_neg_integer() | undefined,
                      distinct :: boolean() | [atom()],
                      lock :: binary() | undefined,
                      prefix :: binary() | undefined,
                      preloads :: [atom() | {atom(), list()}],
                      ctes :: [{binary(), #kura_query{}}],
                      combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                      include_deleted :: boolean()},
          atom()) ->
             #kura_query{from :: atom() | module() | undefined,
                         select :: [atom() | term()] | {exprs, [term()]},
                         wheres :: [term()],
                         joins :: [term()],
                         order_bys :: [term()],
                         group_bys :: [atom()],
                         havings :: [term()],
                         limit :: non_neg_integer() | undefined,
                         offset :: non_neg_integer() | undefined,
                         distinct :: boolean() | [atom()],
                         lock :: binary() | undefined,
                         prefix :: binary() | undefined,
                         preloads :: [atom() | {atom(), list()}],
                         ctes :: [{binary(), #kura_query{}}],
                         combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                         include_deleted :: boolean()}.


      



  



  
    
      
    
    
      offset(Q, N)



        
          
        

    

  


  

      

          -spec offset(#kura_query{from :: atom() | module() | undefined,
                         select :: [atom() | term()] | {exprs, [term()]},
                         wheres :: [term()],
                         joins :: [term()],
                         order_bys :: [term()],
                         group_bys :: [atom()],
                         havings :: [term()],
                         limit :: non_neg_integer() | undefined,
                         offset :: non_neg_integer() | undefined,
                         distinct :: boolean() | [atom()],
                         lock :: binary() | undefined,
                         prefix :: binary() | undefined,
                         preloads :: [atom() | {atom(), list()}],
                         ctes :: [{binary(), #kura_query{}}],
                         combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                         include_deleted :: boolean()},
             non_neg_integer()) ->
                #kura_query{from :: atom() | module() | undefined,
                            select :: [atom() | term()] | {exprs, [term()]},
                            wheres :: [term()],
                            joins :: [term()],
                            order_bys :: [term()],
                            group_bys :: [atom()],
                            havings :: [term()],
                            limit :: non_neg_integer() | undefined,
                            offset :: non_neg_integer() | undefined,
                            distinct :: boolean() | [atom()],
                            lock :: binary() | undefined,
                            prefix :: binary() | undefined,
                            preloads :: [atom() | {atom(), list()}],
                            ctes :: [{binary(), #kura_query{}}],
                            combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                            include_deleted :: boolean()}.


      



  



  
    
      
    
    
      only_deleted(Q)



        
          
        

    

  


  

      

          -spec only_deleted(#kura_query{from :: atom() | module() | undefined,
                               select :: [atom() | term()] | {exprs, [term()]},
                               wheres :: [term()],
                               joins :: [term()],
                               order_bys :: [term()],
                               group_bys :: [atom()],
                               havings :: [term()],
                               limit :: non_neg_integer() | undefined,
                               offset :: non_neg_integer() | undefined,
                               distinct :: boolean() | [atom()],
                               lock :: binary() | undefined,
                               prefix :: binary() | undefined,
                               preloads :: [atom() | {atom(), list()}],
                               ctes :: [{binary(), #kura_query{}}],
                               combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                               include_deleted :: boolean()}) ->
                      #kura_query{from :: atom() | module() | undefined,
                                  select :: [atom() | term()] | {exprs, [term()]},
                                  wheres :: [term()],
                                  joins :: [term()],
                                  order_bys :: [term()],
                                  group_bys :: [atom()],
                                  havings :: [term()],
                                  limit :: non_neg_integer() | undefined,
                                  offset :: non_neg_integer() | undefined,
                                  distinct :: boolean() | [atom()],
                                  lock :: binary() | undefined,
                                  prefix :: binary() | undefined,
                                  preloads :: [atom() | {atom(), list()}],
                                  ctes :: [{binary(), #kura_query{}}],
                                  combinations ::
                                      [{union | union_all | intersect | except, #kura_query{}}],
                                  include_deleted :: boolean()}.


      


Return only soft-deleted records.

  



  
    
      
    
    
      order_by(Q, Orders)



        
          
        

    

  


  

      

          -spec order_by(#kura_query{from :: atom() | module() | undefined,
                           select :: [atom() | term()] | {exprs, [term()]},
                           wheres :: [term()],
                           joins :: [term()],
                           order_bys :: [term()],
                           group_bys :: [atom()],
                           havings :: [term()],
                           limit :: non_neg_integer() | undefined,
                           offset :: non_neg_integer() | undefined,
                           distinct :: boolean() | [atom()],
                           lock :: binary() | undefined,
                           prefix :: binary() | undefined,
                           preloads :: [atom() | {atom(), list()}],
                           ctes :: [{binary(), #kura_query{}}],
                           combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                           include_deleted :: boolean()},
               [{atom(), asc | desc}]) ->
                  #kura_query{from :: atom() | module() | undefined,
                              select :: [atom() | term()] | {exprs, [term()]},
                              wheres :: [term()],
                              joins :: [term()],
                              order_bys :: [term()],
                              group_bys :: [atom()],
                              havings :: [term()],
                              limit :: non_neg_integer() | undefined,
                              offset :: non_neg_integer() | undefined,
                              distinct :: boolean() | [atom()],
                              lock :: binary() | undefined,
                              prefix :: binary() | undefined,
                              preloads :: [atom() | {atom(), list()}],
                              ctes :: [{binary(), #kura_query{}}],
                              combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                              include_deleted :: boolean()}.


      


Set ORDER BY clauses as [{field, asc | desc}].

  



  
    
      
    
    
      over(WindowFn, Spec)



        
          
        

    

  


  

      

          -spec over(window_fn(), window_spec()) -> {over, window_fn(), window_spec()}.


      


Build a window-function expression for use inside select_expr/2.
WindowFn is an aggregate ({count, '*'}, {count, Field}, {sum, Field},
{avg, Field}, {min, Field}, {max, Field}) or a ranking function atom
(row_number, rank, dense_rank). Spec is a map with optional
partition_by => [Field] and order_by => [{Field, asc | desc}].
Window functions require a backend declaring the window_functions
capability (PostgreSQL, or SQLite 3.25+).

  



  
    
      
    
    
      prefix(Q, Schema)



        
          
        

    

  


  

      

          -spec prefix(#kura_query{from :: atom() | module() | undefined,
                         select :: [atom() | term()] | {exprs, [term()]},
                         wheres :: [term()],
                         joins :: [term()],
                         order_bys :: [term()],
                         group_bys :: [atom()],
                         havings :: [term()],
                         limit :: non_neg_integer() | undefined,
                         offset :: non_neg_integer() | undefined,
                         distinct :: boolean() | [atom()],
                         lock :: binary() | undefined,
                         prefix :: binary() | undefined,
                         preloads :: [atom() | {atom(), list()}],
                         ctes :: [{binary(), #kura_query{}}],
                         combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                         include_deleted :: boolean()},
             binary()) ->
                #kura_query{from :: atom() | module() | undefined,
                            select :: [atom() | term()] | {exprs, [term()]},
                            wheres :: [term()],
                            joins :: [term()],
                            order_bys :: [term()],
                            group_bys :: [atom()],
                            havings :: [term()],
                            limit :: non_neg_integer() | undefined,
                            offset :: non_neg_integer() | undefined,
                            distinct :: boolean() | [atom()],
                            lock :: binary() | undefined,
                            prefix :: binary() | undefined,
                            preloads :: [atom() | {atom(), list()}],
                            ctes :: [{binary(), #kura_query{}}],
                            combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                            include_deleted :: boolean()}.


      



  



  
    
      
    
    
      preload/2



        
          
        

    

  


  

      

          -spec preload(#kura_query{from :: atom() | module() | undefined,
                          select :: [atom() | term()] | {exprs, [term()]},
                          wheres :: [term()],
                          joins :: [term()],
                          order_bys :: [term()],
                          group_bys :: [atom()],
                          havings :: [term()],
                          limit :: non_neg_integer() | undefined,
                          offset :: non_neg_integer() | undefined,
                          distinct :: boolean() | [atom()],
                          lock :: binary() | undefined,
                          prefix :: binary() | undefined,
                          preloads :: [atom() | {atom(), list()}],
                          ctes :: [{binary(), #kura_query{}}],
                          combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                          include_deleted :: boolean()},
              [atom() | {atom(), list()}]) ->
                 #kura_query{from :: atom() | module() | undefined,
                             select :: [atom() | term()] | {exprs, [term()]},
                             wheres :: [term()],
                             joins :: [term()],
                             order_bys :: [term()],
                             group_bys :: [atom()],
                             havings :: [term()],
                             limit :: non_neg_integer() | undefined,
                             offset :: non_neg_integer() | undefined,
                             distinct :: boolean() | [atom()],
                             lock :: binary() | undefined,
                             prefix :: binary() | undefined,
                             preloads :: [atom() | {atom(), list()}],
                             ctes :: [{binary(), #kura_query{}}],
                             combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                             include_deleted :: boolean()}.


      


Add associations to preload after query execution.

  



  
    
      
    
    
      scope(Query, Fun)



        
          
        

    

  


  

      

          -spec scope(#kura_query{from :: atom() | module() | undefined,
                        select :: [atom() | term()] | {exprs, [term()]},
                        wheres :: [term()],
                        joins :: [term()],
                        order_bys :: [term()],
                        group_bys :: [atom()],
                        havings :: [term()],
                        limit :: non_neg_integer() | undefined,
                        offset :: non_neg_integer() | undefined,
                        distinct :: boolean() | [atom()],
                        lock :: binary() | undefined,
                        prefix :: binary() | undefined,
                        preloads :: [atom() | {atom(), list()}],
                        ctes :: [{binary(), #kura_query{}}],
                        combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                        include_deleted :: boolean()},
            fun((#kura_query{from :: atom() | module() | undefined,
                             select :: [atom() | term()] | {exprs, [term()]},
                             wheres :: [term()],
                             joins :: [term()],
                             order_bys :: [term()],
                             group_bys :: [atom()],
                             havings :: [term()],
                             limit :: non_neg_integer() | undefined,
                             offset :: non_neg_integer() | undefined,
                             distinct :: boolean() | [atom()],
                             lock :: binary() | undefined,
                             prefix :: binary() | undefined,
                             preloads :: [atom() | {atom(), list()}],
                             ctes :: [{binary(), #kura_query{}}],
                             combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                             include_deleted :: boolean()}) ->
                    #kura_query{from :: atom() | module() | undefined,
                                select :: [atom() | term()] | {exprs, [term()]},
                                wheres :: [term()],
                                joins :: [term()],
                                order_bys :: [term()],
                                group_bys :: [atom()],
                                havings :: [term()],
                                limit :: non_neg_integer() | undefined,
                                offset :: non_neg_integer() | undefined,
                                distinct :: boolean() | [atom()],
                                lock :: binary() | undefined,
                                prefix :: binary() | undefined,
                                preloads :: [atom() | {atom(), list()}],
                                ctes :: [{binary(), #kura_query{}}],
                                combinations ::
                                    [{union | union_all | intersect | except, #kura_query{}}],
                                include_deleted :: boolean()})) ->
               #kura_query{from :: atom() | module() | undefined,
                           select :: [atom() | term()] | {exprs, [term()]},
                           wheres :: [term()],
                           joins :: [term()],
                           order_bys :: [term()],
                           group_bys :: [atom()],
                           havings :: [term()],
                           limit :: non_neg_integer() | undefined,
                           offset :: non_neg_integer() | undefined,
                           distinct :: boolean() | [atom()],
                           lock :: binary() | undefined,
                           prefix :: binary() | undefined,
                           preloads :: [atom() | {atom(), list()}],
                           ctes :: [{binary(), #kura_query{}}],
                           combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                           include_deleted :: boolean()}.


      


Apply a composable query transform function.

  



  
    
      
    
    
      select(Q, Fields)



        
          
        

    

  


  

      

          -spec select(#kura_query{from :: atom() | module() | undefined,
                         select :: [atom() | term()] | {exprs, [term()]},
                         wheres :: [term()],
                         joins :: [term()],
                         order_bys :: [term()],
                         group_bys :: [atom()],
                         havings :: [term()],
                         limit :: non_neg_integer() | undefined,
                         offset :: non_neg_integer() | undefined,
                         distinct :: boolean() | [atom()],
                         lock :: binary() | undefined,
                         prefix :: binary() | undefined,
                         preloads :: [atom() | {atom(), list()}],
                         ctes :: [{binary(), #kura_query{}}],
                         combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                         include_deleted :: boolean()},
             [atom() | term()]) ->
                #kura_query{from :: atom() | module() | undefined,
                            select :: [atom() | term()] | {exprs, [term()]},
                            wheres :: [term()],
                            joins :: [term()],
                            order_bys :: [term()],
                            group_bys :: [atom()],
                            havings :: [term()],
                            limit :: non_neg_integer() | undefined,
                            offset :: non_neg_integer() | undefined,
                            distinct :: boolean() | [atom()],
                            lock :: binary() | undefined,
                            prefix :: binary() | undefined,
                            preloads :: [atom() | {atom(), list()}],
                            ctes :: [{binary(), #kura_query{}}],
                            combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                            include_deleted :: boolean()}.


      


Set the SELECT fields. Pass atoms for columns or {agg, field} tuples for aggregates.

  



  
    
      
    
    
      select_expr(Q, Exprs)



        
          
        

    

  


  

      

          -spec select_expr(#kura_query{from :: atom() | module() | undefined,
                              select :: [atom() | term()] | {exprs, [term()]},
                              wheres :: [term()],
                              joins :: [term()],
                              order_bys :: [term()],
                              group_bys :: [atom()],
                              havings :: [term()],
                              limit :: non_neg_integer() | undefined,
                              offset :: non_neg_integer() | undefined,
                              distinct :: boolean() | [atom()],
                              lock :: binary() | undefined,
                              prefix :: binary() | undefined,
                              preloads :: [atom() | {atom(), list()}],
                              ctes :: [{binary(), #kura_query{}}],
                              combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                              include_deleted :: boolean()},
                  [term()]) ->
                     #kura_query{from :: atom() | module() | undefined,
                                 select :: [atom() | term()] | {exprs, [term()]},
                                 wheres :: [term()],
                                 joins :: [term()],
                                 order_bys :: [term()],
                                 group_bys :: [atom()],
                                 havings :: [term()],
                                 limit :: non_neg_integer() | undefined,
                                 offset :: non_neg_integer() | undefined,
                                 distinct :: boolean() | [atom()],
                                 lock :: binary() | undefined,
                                 prefix :: binary() | undefined,
                                 preloads :: [atom() | {atom(), list()}],
                                 ctes :: [{binary(), #kura_query{}}],
                                 combinations ::
                                     [{union | union_all | intersect | except, #kura_query{}}],
                                 include_deleted :: boolean()}.


      


Set SELECT expressions with aliases. Each expression is {Alias, Expr}
where Expr is a plain field atom, a {fragment, SQL, Params}, or a
window expression from over/2.
Q = kura_query:select_expr(kura_query:from(sales), [
    {category, category},
    {rn, kura_query:over(row_number, #{partition_by => [category], order_by => [{amount, desc}]})},
    {running_total, kura_query:over({sum, amount}, #{partition_by => [category], order_by => [{day, asc}]})}
]).

  



  
    
      
    
    
      sum(Q, Field)



        
          
        

    

  


  

      

          -spec sum(#kura_query{from :: atom() | module() | undefined,
                      select :: [atom() | term()] | {exprs, [term()]},
                      wheres :: [term()],
                      joins :: [term()],
                      order_bys :: [term()],
                      group_bys :: [atom()],
                      havings :: [term()],
                      limit :: non_neg_integer() | undefined,
                      offset :: non_neg_integer() | undefined,
                      distinct :: boolean() | [atom()],
                      lock :: binary() | undefined,
                      prefix :: binary() | undefined,
                      preloads :: [atom() | {atom(), list()}],
                      ctes :: [{binary(), #kura_query{}}],
                      combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                      include_deleted :: boolean()},
          atom()) ->
             #kura_query{from :: atom() | module() | undefined,
                         select :: [atom() | term()] | {exprs, [term()]},
                         wheres :: [term()],
                         joins :: [term()],
                         order_bys :: [term()],
                         group_bys :: [atom()],
                         havings :: [term()],
                         limit :: non_neg_integer() | undefined,
                         offset :: non_neg_integer() | undefined,
                         distinct :: boolean() | [atom()],
                         lock :: binary() | undefined,
                         prefix :: binary() | undefined,
                         preloads :: [atom() | {atom(), list()}],
                         ctes :: [{binary(), #kura_query{}}],
                         combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                         include_deleted :: boolean()}.


      



  



  
    
      
    
    
      union/2



        
          
        

    

  


  

      

          -spec union(#kura_query{from :: atom() | module() | undefined,
                        select :: [atom() | term()] | {exprs, [term()]},
                        wheres :: [term()],
                        joins :: [term()],
                        order_bys :: [term()],
                        group_bys :: [atom()],
                        havings :: [term()],
                        limit :: non_neg_integer() | undefined,
                        offset :: non_neg_integer() | undefined,
                        distinct :: boolean() | [atom()],
                        lock :: binary() | undefined,
                        prefix :: binary() | undefined,
                        preloads :: [atom() | {atom(), list()}],
                        ctes :: [{binary(), #kura_query{}}],
                        combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                        include_deleted :: boolean()},
            #kura_query{from :: atom() | module() | undefined,
                        select :: [atom() | term()] | {exprs, [term()]},
                        wheres :: [term()],
                        joins :: [term()],
                        order_bys :: [term()],
                        group_bys :: [atom()],
                        havings :: [term()],
                        limit :: non_neg_integer() | undefined,
                        offset :: non_neg_integer() | undefined,
                        distinct :: boolean() | [atom()],
                        lock :: binary() | undefined,
                        prefix :: binary() | undefined,
                        preloads :: [atom() | {atom(), list()}],
                        ctes :: [{binary(), #kura_query{}}],
                        combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                        include_deleted :: boolean()}) ->
               #kura_query{from :: atom() | module() | undefined,
                           select :: [atom() | term()] | {exprs, [term()]},
                           wheres :: [term()],
                           joins :: [term()],
                           order_bys :: [term()],
                           group_bys :: [atom()],
                           havings :: [term()],
                           limit :: non_neg_integer() | undefined,
                           offset :: non_neg_integer() | undefined,
                           distinct :: boolean() | [atom()],
                           lock :: binary() | undefined,
                           prefix :: binary() | undefined,
                           preloads :: [atom() | {atom(), list()}],
                           ctes :: [{binary(), #kura_query{}}],
                           combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                           include_deleted :: boolean()}.


      


Combine queries with UNION (removes duplicates).

  



  
    
      
    
    
      union_all/2



        
          
        

    

  


  

      

          -spec union_all(#kura_query{from :: atom() | module() | undefined,
                            select :: [atom() | term()] | {exprs, [term()]},
                            wheres :: [term()],
                            joins :: [term()],
                            order_bys :: [term()],
                            group_bys :: [atom()],
                            havings :: [term()],
                            limit :: non_neg_integer() | undefined,
                            offset :: non_neg_integer() | undefined,
                            distinct :: boolean() | [atom()],
                            lock :: binary() | undefined,
                            prefix :: binary() | undefined,
                            preloads :: [atom() | {atom(), list()}],
                            ctes :: [{binary(), #kura_query{}}],
                            combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                            include_deleted :: boolean()},
                #kura_query{from :: atom() | module() | undefined,
                            select :: [atom() | term()] | {exprs, [term()]},
                            wheres :: [term()],
                            joins :: [term()],
                            order_bys :: [term()],
                            group_bys :: [atom()],
                            havings :: [term()],
                            limit :: non_neg_integer() | undefined,
                            offset :: non_neg_integer() | undefined,
                            distinct :: boolean() | [atom()],
                            lock :: binary() | undefined,
                            prefix :: binary() | undefined,
                            preloads :: [atom() | {atom(), list()}],
                            ctes :: [{binary(), #kura_query{}}],
                            combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                            include_deleted :: boolean()}) ->
                   #kura_query{from :: atom() | module() | undefined,
                               select :: [atom() | term()] | {exprs, [term()]},
                               wheres :: [term()],
                               joins :: [term()],
                               order_bys :: [term()],
                               group_bys :: [atom()],
                               havings :: [term()],
                               limit :: non_neg_integer() | undefined,
                               offset :: non_neg_integer() | undefined,
                               distinct :: boolean() | [atom()],
                               lock :: binary() | undefined,
                               prefix :: binary() | undefined,
                               preloads :: [atom() | {atom(), list()}],
                               ctes :: [{binary(), #kura_query{}}],
                               combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                               include_deleted :: boolean()}.


      


Combine queries with UNION ALL (keeps duplicates).

  



  
    
      
    
    
      where/2



        
          
        

    

  


  

      

          -spec where(#kura_query{from :: atom() | module() | undefined,
                        select :: [atom() | term()] | {exprs, [term()]},
                        wheres :: [term()],
                        joins :: [term()],
                        order_bys :: [term()],
                        group_bys :: [atom()],
                        havings :: [term()],
                        limit :: non_neg_integer() | undefined,
                        offset :: non_neg_integer() | undefined,
                        distinct :: boolean() | [atom()],
                        lock :: binary() | undefined,
                        prefix :: binary() | undefined,
                        preloads :: [atom() | {atom(), list()}],
                        ctes :: [{binary(), #kura_query{}}],
                        combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                        include_deleted :: boolean()},
            term()) ->
               #kura_query{from :: atom() | module() | undefined,
                           select :: [atom() | term()] | {exprs, [term()]},
                           wheres :: [term()],
                           joins :: [term()],
                           order_bys :: [term()],
                           group_bys :: [atom()],
                           havings :: [term()],
                           limit :: non_neg_integer() | undefined,
                           offset :: non_neg_integer() | undefined,
                           distinct :: boolean() | [atom()],
                           lock :: binary() | undefined,
                           prefix :: binary() | undefined,
                           preloads :: [atom() | {atom(), list()}],
                           ctes :: [{binary(), #kura_query{}}],
                           combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                           include_deleted :: boolean()}.


      


Add a WHERE condition. Conditions: {field, value}, {field, op, value}, {'and', [...]}, etc.

  



  
    
      
    
    
      with_cte/3



        
          
        

    

  


  

      

          -spec with_cte(#kura_query{from :: atom() | module() | undefined,
                           select :: [atom() | term()] | {exprs, [term()]},
                           wheres :: [term()],
                           joins :: [term()],
                           order_bys :: [term()],
                           group_bys :: [atom()],
                           havings :: [term()],
                           limit :: non_neg_integer() | undefined,
                           offset :: non_neg_integer() | undefined,
                           distinct :: boolean() | [atom()],
                           lock :: binary() | undefined,
                           prefix :: binary() | undefined,
                           preloads :: [atom() | {atom(), list()}],
                           ctes :: [{binary(), #kura_query{}}],
                           combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                           include_deleted :: boolean()},
               binary(),
               #kura_query{from :: atom() | module() | undefined,
                           select :: [atom() | term()] | {exprs, [term()]},
                           wheres :: [term()],
                           joins :: [term()],
                           order_bys :: [term()],
                           group_bys :: [atom()],
                           havings :: [term()],
                           limit :: non_neg_integer() | undefined,
                           offset :: non_neg_integer() | undefined,
                           distinct :: boolean() | [atom()],
                           lock :: binary() | undefined,
                           prefix :: binary() | undefined,
                           preloads :: [atom() | {atom(), list()}],
                           ctes :: [{binary(), #kura_query{}}],
                           combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                           include_deleted :: boolean()}) ->
                  #kura_query{from :: atom() | module() | undefined,
                              select :: [atom() | term()] | {exprs, [term()]},
                              wheres :: [term()],
                              joins :: [term()],
                              order_bys :: [term()],
                              group_bys :: [atom()],
                              havings :: [term()],
                              limit :: non_neg_integer() | undefined,
                              offset :: non_neg_integer() | undefined,
                              distinct :: boolean() | [atom()],
                              lock :: binary() | undefined,
                              prefix :: binary() | undefined,
                              preloads :: [atom() | {atom(), list()}],
                              ctes :: [{binary(), #kura_query{}}],
                              combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                              include_deleted :: boolean()}.


      


Add a Common Table Expression (WITH clause).

  



  
    
      
    
    
      with_deleted(Q)



        
          
        

    

  


  

      

          -spec with_deleted(#kura_query{from :: atom() | module() | undefined,
                               select :: [atom() | term()] | {exprs, [term()]},
                               wheres :: [term()],
                               joins :: [term()],
                               order_bys :: [term()],
                               group_bys :: [atom()],
                               havings :: [term()],
                               limit :: non_neg_integer() | undefined,
                               offset :: non_neg_integer() | undefined,
                               distinct :: boolean() | [atom()],
                               lock :: binary() | undefined,
                               prefix :: binary() | undefined,
                               preloads :: [atom() | {atom(), list()}],
                               ctes :: [{binary(), #kura_query{}}],
                               combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                               include_deleted :: boolean()}) ->
                      #kura_query{from :: atom() | module() | undefined,
                                  select :: [atom() | term()] | {exprs, [term()]},
                                  wheres :: [term()],
                                  joins :: [term()],
                                  order_bys :: [term()],
                                  group_bys :: [atom()],
                                  havings :: [term()],
                                  limit :: non_neg_integer() | undefined,
                                  offset :: non_neg_integer() | undefined,
                                  distinct :: boolean() | [atom()],
                                  lock :: binary() | undefined,
                                  prefix :: binary() | undefined,
                                  preloads :: [atom() | {atom(), list()}],
                                  ctes :: [{binary(), #kura_query{}}],
                                  combinations ::
                                      [{union | union_all | intersect | except, #kura_query{}}],
                                  include_deleted :: boolean()}.


      


Include soft-deleted records in query results.

  


        

      


  

    
kura_repo behaviour
    



      
Behaviour for defining a repository (database connection).
Implement otp_app/0 to tell Kura which application owns the repo's
migrations.
-module(my_repo).
-behaviour(kura_repo).
-export([otp_app/0]).

otp_app() -> my_app.
Configure the database connection under the kura application env.
Repos go in a {repos, #{Name => Cfg}} map; Kura starts the pool for
each repo automatically during application startup.
[{kura, [
    {repos, #{
        my_repo => #{
            backend => kura_backend_postgres,
            host => "localhost",
            port => 5432,
            database => "my_db",
            user => "postgres",
            password => "secret",
            pool_size => 10
        }
    }}
]}].
The same form scales to multiple repos (e.g. a Postgres primary plus a
SQLite analytics store):
[{kura, [
    {repos, #{
        my_repo => #{
            backend => kura_backend_postgres,
            host => "localhost",
            database => "my_db",
            pool_size => 10
        },
        analytics_repo => #{
            backend => kura_backend_sqlite,
            database => <<":memory:">>
        }
    }}
]}].
Each repo's dialect, pool, and driver are resolved from its backend
key. Queries through different repos use their own dialects; the query
cache is keyed per repo.
For backward compatibility, Kura also accepts the flat single-repo
form ({repo, _}/{backend, _}/{host, _} at the kura env level) and
the per-app form (application:get_env(OtpApp, RepoModule)). The
{repos, ...} map is checked first, then the flat env, then the per-app
form. New projects should prefer the map form.
Optionally implement init/1 to modify config at runtime - useful for reading
secrets from files, environment variables, or external services:
-module(my_repo).
-behaviour(kura_repo).
-export([otp_app/0, init/1]).

otp_app() -> my_app.

init(Config) ->
    Config#{
        password => list_to_binary(os:getenv("DB_PASSWORD", "postgres"))
    }.
Optionally implement migration_apps/0 to run migrations shipped by other
applications against the same repo - an extension that owns part of the
schema, for instance. The application owning the repo module is always
included, so this lists only the extras:
-module(my_repo).
-behaviour(kura_repo).
-export([otp_app/0, migration_apps/0]).

otp_app() -> my_app.

migration_apps() -> [my_gdpr_extension].
kura_migrator orders them by their OTP applications lists, so a
dependency's migrations run first. See kura_migrator:migration_apps/1.

      


      
        Summary


  
    Callbacks
  


    
      
        init(Config)

      


    


    
      
        migration_apps()

      


    


    
      
        otp_app()

      


    





  
    Functions
  


    
      
        config(RepoMod)

      


        Read the repo configuration from application environment.



    


    
      
        read_only(RepoMod)

      


        Return true if the repo is configured read_only => true.



    


    
      
        replica(RepoMod)

      


        Pick a replica repo for RepoMod from its replicas => [Repo] config.



    





      


      
        Callbacks


        


  
    
      
    
    
      init(Config)


        (optional)


        
          
        

    

  


  

      

          -callback init(Config :: map()) -> map().


      



  



  
    
      
    
    
      migration_apps()


        (optional)


        
          
        

    

  


  

      

          -callback migration_apps() -> [atom()].


      



  



  
    
      
    
    
      otp_app()



        
          
        

    

  


  

      

          -callback otp_app() -> atom().


      



  


        

      

      
        Functions


        


  
    
      
    
    
      config(RepoMod)



        
          
        

    

  


  

      

          -spec config(module()) -> map().


      


Read the repo configuration from application environment.

  



  
    
      
    
    
      read_only(RepoMod)



        
          
        

    

  


  

      

          -spec read_only(module()) -> boolean().


      


Return true if the repo is configured read_only => true.
A read-only repo rejects writes (insert/update/delete and the bulk and
soft-delete variants return {error, read_only}). Reads are unaffected.
Intended for a replica repo pointed at a read replica.

  



  
    
      
    
    
      replica(RepoMod)



        
          
        

    

  


  

      

          -spec replica(module()) -> module().


      


Pick a replica repo for RepoMod from its replicas => [Repo] config.
Returns a randomly-chosen replica, or RepoMod itself when none are
configured. Routing is explicit: the caller runs reads through the
returned repo ((kura_repo:replica(MyRepo)):all(Q)), so the caller owns
read-after-write consistency. There is no automatic write/read split.

  


        

      


  

    
kura_repo_worker 
    



      
CRUD operations, preloading, transactions, and raw queries.
All functions take a repo module as the first argument and execute against
its connection pool.
kura_repo_worker:start(MyRepo),
{ok, Users} = kura_repo_worker:all(MyRepo, kura_query:from(my_user)),
{ok, User} = kura_repo_worker:get(MyRepo, my_user, 1),
{ok, Inserted} = kura_repo_worker:insert(MyRepo, Changeset).

      


      
        Summary


  
    Types
  


    
      
        write_error()

      


    





  
    Functions
  


    
      
        aggregate/3

      


        Run an aggregate function on a query. Supported: count, sum, avg, min, max.



    


    
      
        aggregate(RepoMod, Query, Agg, Default)

      


        Run an aggregate with a default value when the result is nil/null.



    


    
      
        all(RepoMod, Query)

      


        Execute a query and return all matching rows.



    


    
      
        build_log_event(Repo, SQL, Params, Result, DurationUs)

      


        Build a log event map from query execution data.



    


    
      
        build_telemetry_metadata(RepoMod, SQL, Params, Result)

      


    


    
      
        count(RepoMod, Query)

      


        Count all rows matching a query.



    


    
      
        default_logger()

      


        Return a default logger function that logs queries via logger:info.



    


    
      
        delete(RepoMod, CS)

      


        Delete the record referenced by the changeset's data.



    


    
      
        delete_all(RepoMod, Query)

      


        Bulk delete all rows matching the query, returning the count of deleted rows.



    


    
      
        exists(RepoMod, Query)

      


        Check if any record matches the query.



    


    
      
        extract_source(SQL)

      


    


    
      
        get(RepoMod, SchemaMod, Spec)

      


        Fetch a single record by primary key.



    


    
      
        get_by(RepoMod, SchemaMod, Clauses)

      


        Fetch a single record matching all key-value clauses.



    


    
      
        insert(RepoMod, CS)

      


        Insert a record from a changeset. Returns {error, Changeset} with errors on failure.



    


    
      
        insert(RepoMod, CS, Opts)

      


    


    
      
        insert_all(RepoMod, SchemaMod, Entries)

      


        Bulk insert a list of maps, returning the count of inserted rows.



    


    
      
        insert_all(RepoMod, SchemaMod, Entries, Opts)

      


        Bulk insert with options. #{returning => true | [atom()]} returns inserted rows.



    


    
      
        multi(RepoMod, Multi)

      


        Execute a kura_multi pipeline inside a transaction.



    


    
      
        one(RepoMod, Query)

      


        Execute a query and return exactly one result (adds LIMIT 1).



    


    
      
        pgo_query(RepoMod, SQL, Params)

      


    


    
      
        preload(RepoMod, Schema, Records, Assocs)

      


        Preload associations on one or more records (standalone, outside of queries).



    


    
      
        query(RepoMod, SQL, Params)

      


        Execute raw SQL with parameters.



    


    
      
        reload(RepoMod, SchemaMod, Record)

      


        Re-fetch a record from the database by its primary key.



    


    
      
        restore/2

      


        Restore a soft-deleted record by clearing its deleted_at field.



    


    
      
        soft_delete/2

      


        Soft-delete a record by setting deleted_at to the current timestamp.
The record remains in the database but is excluded from normal queries.



    


    
      
        start(RepoMod)

      


        Start the connection pool for the given repo module.



    


    
      
        transaction(RepoMod, Fun)

      


        Execute a function inside a database transaction.



    


    
      
        update(RepoMod, CS)

      


        Update a record from a changeset. No-op if there are no changes.



    


    
      
        update_all(RepoMod, Query, Updates)

      


        Bulk update all rows matching the query, returning the count of affected rows.



    





      


      
        Types


        


  
    
      
    
    
      write_error()



        
          
        

    

  


  

      

          -type write_error() :: {error, read_only}.


      



  


        

      

      
        Functions


        


  
    
      
    
    
      aggregate/3



        
          
        

    

  


  

      

          -spec aggregate(module(),
                #kura_query{from :: atom() | module() | undefined,
                            select :: [atom() | term()] | {exprs, [term()]},
                            wheres :: [term()],
                            joins :: [term()],
                            order_bys :: [term()],
                            group_bys :: [atom()],
                            havings :: [term()],
                            limit :: non_neg_integer() | undefined,
                            offset :: non_neg_integer() | undefined,
                            distinct :: boolean() | [atom()],
                            lock :: binary() | undefined,
                            prefix :: binary() | undefined,
                            preloads :: [atom() | {atom(), list()}],
                            ctes :: [{binary(), #kura_query{}}],
                            combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                            include_deleted :: boolean()},
                count | {count | sum | avg | min | max, atom()}) ->
                   {ok, term()} | {error, term()}.


      


Run an aggregate function on a query. Supported: count, sum, avg, min, max.
{ok, 42} = kura_repo_worker:aggregate(MyRepo, Q, count).
{ok, 150.5} = kura_repo_worker:aggregate(MyRepo, Q, {sum, score}).

  



  
    
      
    
    
      aggregate(RepoMod, Query, Agg, Default)



        
          
        

    

  


  

      

          -spec aggregate(module(),
                #kura_query{from :: atom() | module() | undefined,
                            select :: [atom() | term()] | {exprs, [term()]},
                            wheres :: [term()],
                            joins :: [term()],
                            order_bys :: [term()],
                            group_bys :: [atom()],
                            havings :: [term()],
                            limit :: non_neg_integer() | undefined,
                            offset :: non_neg_integer() | undefined,
                            distinct :: boolean() | [atom()],
                            lock :: binary() | undefined,
                            prefix :: binary() | undefined,
                            preloads :: [atom() | {atom(), list()}],
                            ctes :: [{binary(), #kura_query{}}],
                            combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                            include_deleted :: boolean()},
                count | {count | sum | avg | min | max, atom()},
                term()) ->
                   {ok, term()} | {error, term()}.


      


Run an aggregate with a default value when the result is nil/null.
{ok, 0} = kura_repo_worker:aggregate(MyRepo, Q, {sum, score}, 0).

  



  
    
      
    
    
      all(RepoMod, Query)



        
          
        

    

  


  

      

          -spec all(module(),
          #kura_query{from :: atom() | module() | undefined,
                      select :: [atom() | term()] | {exprs, [term()]},
                      wheres :: [term()],
                      joins :: [term()],
                      order_bys :: [term()],
                      group_bys :: [atom()],
                      havings :: [term()],
                      limit :: non_neg_integer() | undefined,
                      offset :: non_neg_integer() | undefined,
                      distinct :: boolean() | [atom()],
                      lock :: binary() | undefined,
                      prefix :: binary() | undefined,
                      preloads :: [atom() | {atom(), list()}],
                      ctes :: [{binary(), #kura_query{}}],
                      combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                      include_deleted :: boolean()}) ->
             {ok, [map()]} | {error, term()}.


      


Execute a query and return all matching rows.

  



  
    
      
    
    
      build_log_event(Repo, SQL, Params, Result, DurationUs)



        
          
        

    

  


  

      

          -spec build_log_event(module(), iodata(), [term()], term(), integer()) -> map().


      


Build a log event map from query execution data.

  



  
    
      
    
    
      build_telemetry_metadata(RepoMod, SQL, Params, Result)



        
          
        

    

  


  


  



  
    
      
    
    
      count(RepoMod, Query)



        
          
        

    

  


  

      

          -spec count(module(),
            #kura_query{from :: atom() | module() | undefined,
                        select :: [atom() | term()] | {exprs, [term()]},
                        wheres :: [term()],
                        joins :: [term()],
                        order_bys :: [term()],
                        group_bys :: [atom()],
                        havings :: [term()],
                        limit :: non_neg_integer() | undefined,
                        offset :: non_neg_integer() | undefined,
                        distinct :: boolean() | [atom()],
                        lock :: binary() | undefined,
                        prefix :: binary() | undefined,
                        preloads :: [atom() | {atom(), list()}],
                        ctes :: [{binary(), #kura_query{}}],
                        combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                        include_deleted :: boolean()}) ->
               {ok, non_neg_integer()} | {error, term()}.


      


Count all rows matching a query.
{ok, 42} = kura_repo_worker:count(MyRepo, kura_query:from(my_schema)).

  



  
    
      
    
    
      default_logger()



        
          
        

    

  


  

      

          -spec default_logger() -> fun((map()) -> ok).


      


Return a default logger function that logs queries via logger:info.

  



  
    
      
    
    
      delete(RepoMod, CS)



        
          
        

    

  


  

      

          -spec delete(module(),
             #kura_changeset{valid :: boolean(),
                             schema :: module() | undefined,
                             data :: map(),
                             params :: map(),
                             changes :: map(),
                             errors :: [{atom(), binary()}],
                             types :: #{atom() => kura_types:kura_type()},
                             required :: [atom()],
                             action :: atom() | undefined,
                             constraints ::
                                 [#kura_constraint{type :: unique | foreign_key | check | exclusion,
                                                   constraint :: binary(),
                                                   field :: atom(),
                                                   message :: binary()}],
                             assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                             prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                             optimistic_lock :: atom() | undefined}) ->
                {ok, map()} | {error, term()}.


      


Delete the record referenced by the changeset's data.

  



  
    
      
    
    
      delete_all(RepoMod, Query)



        
          
        

    

  


  

      

          -spec delete_all(module(),
                 #kura_query{from :: atom() | module() | undefined,
                             select :: [atom() | term()] | {exprs, [term()]},
                             wheres :: [term()],
                             joins :: [term()],
                             order_bys :: [term()],
                             group_bys :: [atom()],
                             havings :: [term()],
                             limit :: non_neg_integer() | undefined,
                             offset :: non_neg_integer() | undefined,
                             distinct :: boolean() | [atom()],
                             lock :: binary() | undefined,
                             prefix :: binary() | undefined,
                             preloads :: [atom() | {atom(), list()}],
                             ctes :: [{binary(), #kura_query{}}],
                             combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                             include_deleted :: boolean()}) ->
                    {ok, non_neg_integer()} | {error, term()}.


      


Bulk delete all rows matching the query, returning the count of deleted rows.

  



  
    
      
    
    
      exists(RepoMod, Query)



        
          
        

    

  


  

      

          -spec exists(module(),
             #kura_query{from :: atom() | module() | undefined,
                         select :: [atom() | term()] | {exprs, [term()]},
                         wheres :: [term()],
                         joins :: [term()],
                         order_bys :: [term()],
                         group_bys :: [atom()],
                         havings :: [term()],
                         limit :: non_neg_integer() | undefined,
                         offset :: non_neg_integer() | undefined,
                         distinct :: boolean() | [atom()],
                         lock :: binary() | undefined,
                         prefix :: binary() | undefined,
                         preloads :: [atom() | {atom(), list()}],
                         ctes :: [{binary(), #kura_query{}}],
                         combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                         include_deleted :: boolean()}) ->
                {ok, boolean()} | {error, term()}.


      


Check if any record matches the query.

  



  
    
      
    
    
      extract_source(SQL)



        
          
        

    

  


  


  



  
    
      
    
    
      get(RepoMod, SchemaMod, Spec)



        
          
        

    

  


  

      

          -spec get(module(), module(), term()) -> {ok, map()} | {error, not_found} | {error, term()}.


      


Fetch a single record by primary key.
For a single-key schema pass the bare key value; for a composite-key
schema pass a #{field => value} map covering every key column. A
map-valued single key must be wrapped as #{KeyField => Map}, since a
bare map is read as a composite key spec.

  



  
    
      
    
    
      get_by(RepoMod, SchemaMod, Clauses)



        
          
        

    

  


  

      

          -spec get_by(module(), module(), [{atom(), term()}]) ->
                {ok, map()} | {error, not_found} | {error, term()}.


      


Fetch a single record matching all key-value clauses.

  



  
    
      
    
    
      insert(RepoMod, CS)



        
          
        

    

  


  

      

          -spec insert(module(),
             #kura_changeset{valid :: boolean(),
                             schema :: module() | undefined,
                             data :: map(),
                             params :: map(),
                             changes :: map(),
                             errors :: [{atom(), binary()}],
                             types :: #{atom() => kura_types:kura_type()},
                             required :: [atom()],
                             action :: atom() | undefined,
                             constraints ::
                                 [#kura_constraint{type :: unique | foreign_key | check | exclusion,
                                                   constraint :: binary(),
                                                   field :: atom(),
                                                   message :: binary()}],
                             assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                             prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                             optimistic_lock :: atom() | undefined}) ->
                {ok, map()} |
                {error,
                 #kura_changeset{valid :: boolean(),
                                 schema :: module() | undefined,
                                 data :: map(),
                                 params :: map(),
                                 changes :: map(),
                                 errors :: [{atom(), binary()}],
                                 types :: #{atom() => kura_types:kura_type()},
                                 required :: [atom()],
                                 action :: atom() | undefined,
                                 constraints ::
                                     [#kura_constraint{type :: unique | foreign_key | check | exclusion,
                                                       constraint :: binary(),
                                                       field :: atom(),
                                                       message :: binary()}],
                                 assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                 prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                 optimistic_lock :: atom() | undefined}} |
                write_error().


      


Insert a record from a changeset. Returns {error, Changeset} with errors on failure.

  



  
    
      
    
    
      insert(RepoMod, CS, Opts)



        
          
        

    

  


  

      

          -spec insert(module(),
             #kura_changeset{valid :: boolean(),
                             schema :: module() | undefined,
                             data :: map(),
                             params :: map(),
                             changes :: map(),
                             errors :: [{atom(), binary()}],
                             types :: #{atom() => kura_types:kura_type()},
                             required :: [atom()],
                             action :: atom() | undefined,
                             constraints ::
                                 [#kura_constraint{type :: unique | foreign_key | check | exclusion,
                                                   constraint :: binary(),
                                                   field :: atom(),
                                                   message :: binary()}],
                             assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                             prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                             optimistic_lock :: atom() | undefined},
             map()) ->
                {ok, map()} |
                {error,
                 #kura_changeset{valid :: boolean(),
                                 schema :: module() | undefined,
                                 data :: map(),
                                 params :: map(),
                                 changes :: map(),
                                 errors :: [{atom(), binary()}],
                                 types :: #{atom() => kura_types:kura_type()},
                                 required :: [atom()],
                                 action :: atom() | undefined,
                                 constraints ::
                                     [#kura_constraint{type :: unique | foreign_key | check | exclusion,
                                                       constraint :: binary(),
                                                       field :: atom(),
                                                       message :: binary()}],
                                 assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                 prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                 optimistic_lock :: atom() | undefined}} |
                write_error().


      



  



  
    
      
    
    
      insert_all(RepoMod, SchemaMod, Entries)



        
          
        

    

  


  

      

          -spec insert_all(module(), module(), [map()]) -> {ok, non_neg_integer()} | {error, term()}.


      


Bulk insert a list of maps, returning the count of inserted rows.

  



  
    
      
    
    
      insert_all(RepoMod, SchemaMod, Entries, Opts)



        
          
        

    

  


  

      

          -spec insert_all(module(), module(), [map()], map()) ->
                    {ok, non_neg_integer()} | {ok, non_neg_integer(), [map()]} | {error, term()}.


      


Bulk insert with options. #{returning => true | [atom()]} returns inserted rows.

  



  
    
      
    
    
      multi(RepoMod, Multi)



        
          
        

    

  


  

      

          -spec multi(module(), term()) -> {ok, map()} | {error, atom(), term(), map()}.


      


Execute a kura_multi pipeline inside a transaction.

  



  
    
      
    
    
      one(RepoMod, Query)



        
          
        

    

  


  

      

          -spec one(module(),
          #kura_query{from :: atom() | module() | undefined,
                      select :: [atom() | term()] | {exprs, [term()]},
                      wheres :: [term()],
                      joins :: [term()],
                      order_bys :: [term()],
                      group_bys :: [atom()],
                      havings :: [term()],
                      limit :: non_neg_integer() | undefined,
                      offset :: non_neg_integer() | undefined,
                      distinct :: boolean() | [atom()],
                      lock :: binary() | undefined,
                      prefix :: binary() | undefined,
                      preloads :: [atom() | {atom(), list()}],
                      ctes :: [{binary(), #kura_query{}}],
                      combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                      include_deleted :: boolean()}) ->
             {ok, map()} | {error, not_found} | {error, term()}.


      


Execute a query and return exactly one result (adds LIMIT 1).

  



  
    
      
    
    
      pgo_query(RepoMod, SQL, Params)



        
          
        

    

  


  


  



  
    
      
    
    
      preload(RepoMod, Schema, Records, Assocs)



        
          
        

    

  


  

      

          -spec preload(module(), module(), map() | [map()], [atom() | {atom(), list()}]) -> map() | [map()].


      


Preload associations on one or more records (standalone, outside of queries).

  



  
    
      
    
    
      query(RepoMod, SQL, Params)



        
          
        

    

  


  

      

          -spec query(module(), iodata(), [term()]) -> {ok, list()} | {error, term()}.


      


Execute raw SQL with parameters.

  



  
    
      
    
    
      reload(RepoMod, SchemaMod, Record)



        
          
        

    

  


  

      

          -spec reload(module(), module(), map()) -> {ok, map()} | {error, term()}.


      


Re-fetch a record from the database by its primary key.

  



  
    
      
    
    
      restore/2



        
          
        

    

  


  

      

          -spec restore(module(),
              #kura_changeset{valid :: boolean(),
                              schema :: module() | undefined,
                              data :: map(),
                              params :: map(),
                              changes :: map(),
                              errors :: [{atom(), binary()}],
                              types :: #{atom() => kura_types:kura_type()},
                              required :: [atom()],
                              action :: atom() | undefined,
                              constraints ::
                                  [#kura_constraint{type :: unique | foreign_key | check | exclusion,
                                                    constraint :: binary(),
                                                    field :: atom(),
                                                    message :: binary()}],
                              assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                              prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                              optimistic_lock :: atom() | undefined}) ->
                 {ok, map()} | {error, term()}.


      


Restore a soft-deleted record by clearing its deleted_at field.

  



  
    
      
    
    
      soft_delete/2



        
          
        

    

  


  

      

          -spec soft_delete(module(),
                  #kura_changeset{valid :: boolean(),
                                  schema :: module() | undefined,
                                  data :: map(),
                                  params :: map(),
                                  changes :: map(),
                                  errors :: [{atom(), binary()}],
                                  types :: #{atom() => kura_types:kura_type()},
                                  required :: [atom()],
                                  action :: atom() | undefined,
                                  constraints ::
                                      [#kura_constraint{type :: unique | foreign_key | check | exclusion,
                                                        constraint :: binary(),
                                                        field :: atom(),
                                                        message :: binary()}],
                                  assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                  prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                  optimistic_lock :: atom() | undefined}) ->
                     {ok, map()} | {error, term()}.


      


Soft-delete a record by setting deleted_at to the current timestamp.
The record remains in the database but is excluded from normal queries.
Returns {error, not_soft_deletable} if the schema has no deleted_at field.

  



  
    
      
    
    
      start(RepoMod)



        
          
        

    

  


  

      

          -spec start(module()) -> ok.


      


Start the connection pool for the given repo module.

  



  
    
      
    
    
      transaction(RepoMod, Fun)



        
          
        

    

  


  

      

          -spec transaction(module(), fun(() -> term())) -> term().


      


Execute a function inside a database transaction.

  



  
    
      
    
    
      update(RepoMod, CS)



        
          
        

    

  


  

      

          -spec update(module(),
             #kura_changeset{valid :: boolean(),
                             schema :: module() | undefined,
                             data :: map(),
                             params :: map(),
                             changes :: map(),
                             errors :: [{atom(), binary()}],
                             types :: #{atom() => kura_types:kura_type()},
                             required :: [atom()],
                             action :: atom() | undefined,
                             constraints ::
                                 [#kura_constraint{type :: unique | foreign_key | check | exclusion,
                                                   constraint :: binary(),
                                                   field :: atom(),
                                                   message :: binary()}],
                             assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                             prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                             optimistic_lock :: atom() | undefined}) ->
                {ok, map()} |
                {error,
                 #kura_changeset{valid :: boolean(),
                                 schema :: module() | undefined,
                                 data :: map(),
                                 params :: map(),
                                 changes :: map(),
                                 errors :: [{atom(), binary()}],
                                 types :: #{atom() => kura_types:kura_type()},
                                 required :: [atom()],
                                 action :: atom() | undefined,
                                 constraints ::
                                     [#kura_constraint{type :: unique | foreign_key | check | exclusion,
                                                       constraint :: binary(),
                                                       field :: atom(),
                                                       message :: binary()}],
                                 assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                 prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                 optimistic_lock :: atom() | undefined}} |
                write_error().


      


Update a record from a changeset. No-op if there are no changes.

  



  
    
      
    
    
      update_all(RepoMod, Query, Updates)



        
          
        

    

  


  

      

          -spec update_all(module(),
                 #kura_query{from :: atom() | module() | undefined,
                             select :: [atom() | term()] | {exprs, [term()]},
                             wheres :: [term()],
                             joins :: [term()],
                             order_bys :: [term()],
                             group_bys :: [atom()],
                             havings :: [term()],
                             limit :: non_neg_integer() | undefined,
                             offset :: non_neg_integer() | undefined,
                             distinct :: boolean() | [atom()],
                             lock :: binary() | undefined,
                             prefix :: binary() | undefined,
                             preloads :: [atom() | {atom(), list()}],
                             ctes :: [{binary(), #kura_query{}}],
                             combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                             include_deleted :: boolean()},
                 map()) ->
                    {ok, non_neg_integer()} | {error, term()}.


      


Bulk update all rows matching the query, returning the count of affected rows.

  


        

      


  

    
kura_schema behaviour
    



      
Behaviour for defining database-backed schemas.
Implement the table/0 and fields/0 callbacks to define a schema module.
Mark one field with primary_key = true. Optionally implement timestamps/0
and associations/0.
-module(my_user).
-behaviour(kura_schema).
-include_lib("kura/include/kura.hrl").

table() -> <<"users">>.
fields() ->
    [#kura_field{name = id, type = id, primary_key = true},
     #kura_field{name = name, type = string},
     #kura_field{name = email, type = string}].
For a composite primary key, implement the optional key/0 callback
returning the ordered key columns; primary_key = true markers are then
unnecessary. When key/0 is absent the key is derived from the
primary_key = true fields, so existing single-key schemas are unchanged.
-module(membership).
-behaviour(kura_schema).
-include_lib("kura/include/kura.hrl").

table() -> <<"memberships">>.
key() -> [org_id, user_id].
fields() ->
    [#kura_field{name = org_id, type = uuid, nullable = false},
     #kura_field{name = user_id, type = uuid, nullable = false},
     #kura_field{name = role, type = string}].

      


      
        Summary


  
    Types
  


    
      
        on_delete()

      


        Referential action for a foreign key when the referenced row is deleted.



    





  
    Callbacks
  


    
      
        after_delete/1
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        table()
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    Functions
  


    
      
        assoc_fields/1

      


        Return the foreign-key column(s) of an association as an ordered list.



    


    
      
        assoc_join_keys/1

      


        Return a many_to_many association's join-table columns as
{OwnerCols, RelatedCols}, each an ordered list. A single-column
join_keys = {owner, related} is the one-element-list case.



    


    
      
        assoc_on_delete/1

      


        Return the referential action a belongs_to asks for when its parent row
is deleted, ready to be placed on the #kura_column{} that owns the key.



    


    
      
        assoc_target/1

      


        Return the target schema module of an association.



    


    
      
        assoc_target_key/1

      


        Return the explicit referenced key column(s) on the target side, or
undefined to mean "default to the target schema's key". Only a
#kura_ref{} can carry this; legacy associations always return
undefined.



    


    
      
        association(Mod, Name)

      


        Look up a single association by name.



    


    
      
        associations(Mod)

      


        Return all associations defined on a schema module.



    


    
      
        column_map(Mod)

      


        Return map of field name to column name (binary), excluding virtual fields.



    


    
      
        constraints(Mod)

      


        Return all table-level constraints defined on a schema module.



    


    
      
        embed(Mod, Name)

      


        Look up a single embed by name.



    


    
      
        embeds(Mod)

      


        Return all embeds defined on a schema module.



    


    
      
        field_names(Mod)

      


        Return list of field names for a schema module.



    


    
      
        field_types(Mod)

      


        Return map of field name to kura type for a schema module.



    


    
      
        generate_id(Mod)

      


        Generate a primary key value if the schema defines generate_id/0.



    


    
      
        has_after_hook(Mod, Action)

      


        Check if a schema module has an after_* hook for the given action.



    


    
      
        indexes(Mod)

      


        Return all indexes defined on a schema module.



    


    
      
        key(Mod)

      


        Return the ordered primary-key column names for a schema module.



    


    
      
        key_fields(Mod)

      


        Return the ordered primary-key field records for a schema module.



    


    
      
        non_virtual_fields(Mod)

      


        Return list of non-virtual field names.



    


    
      
        primary_key(Mod)

      


        Return the single primary-key field name for a schema module.



    


    
      
        primary_key_field(Mod)

      


        Return the single primary-key field record, or undefined if the
schema has no primary key. Raises on a composite key.



    


    
      
        run_after_delete(Mod, Record)

      


        Run after_delete hook if defined. Returns ok or {error, Reason}.



    


    
      
        run_after_insert(Mod, Record)

      


        Run after_insert hook if defined. Returns {ok, Record} or {error, Reason}.



    


    
      
        run_after_update(Mod, Record)

      


        Run after_update hook if defined. Returns {ok, Record} or {error, Reason}.



    


    
      
        run_before_delete(Mod, Record)

      


        Run before_delete hook if defined. Returns ok or {error, Reason}.



    


    
      
        run_before_insert(Mod, CS)

      


        Run before_insert hook if defined. Returns {ok, CS} or {error, CS}.



    


    
      
        run_before_update(Mod, CS)

      


        Run before_update hook if defined. Returns {ok, CS} or {error, CS}.



    





      


      
        Types


        


  
    
      
    
    
      on_delete()



        
          
        

    

  


  

      

          -type on_delete() :: cascade | restrict | set_null | no_action.


      


Referential action for a foreign key when the referenced row is deleted.
These four are the actions every dialect kura ships renders identically,
so a schema that declares one is portable. set_default is deliberately
absent: PostgreSQL fails the delete when the column default is not itself
a valid parent key, SQLite only enforces it while foreign_keys is on,
and MySQL's InnoDB rejects it at DDL time. A dialect-specific action must
be introduced dialect-aware rather than added to this union.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      after_delete/1


        (optional)


        
          
        

    

  


  

      

          -callback after_delete(map()) -> ok | {error, term()}.


      



  



  
    
      
    
    
      after_insert/1


        (optional)


        
          
        

    

  


  

      

          -callback after_insert(map()) -> {ok, map()} | {error, term()}.


      



  



  
    
      
    
    
      after_update/1


        (optional)


        
          
        

    

  


  

      

          -callback after_update(map()) -> {ok, map()} | {error, term()}.


      



  



  
    
      
    
    
      associations()


        (optional)


        
          
        

    

  


  

      

          -callback associations() ->
                          [#kura_assoc{name :: atom(),
                                       type :: belongs_to | has_one | has_many | many_to_many,
                                       schema :: module(),
                                       foreign_key :: atom() | undefined,
                                       ref ::
                                           #kura_ref{fields :: [atom()] | undefined,
                                                     target :: module() | undefined,
                                                     target_key :: [atom()] | undefined} |
                                           undefined,
                                       join_through :: binary() | module() | undefined,
                                       join_keys :: {atom() | [atom()], atom() | [atom()]} | undefined,
                                       through :: [atom()] | undefined,
                                       on_delete :: kura_schema:on_delete() | undefined}].


      



  



  
    
      
    
    
      before_delete/1


        (optional)


        
          
        

    

  


  

      

          -callback before_delete(map()) -> ok | {error, term()}.


      



  



  
    
      
    
    
      before_insert/1


        (optional)


        
          
        

    

  


  

      

          -callback before_insert(#kura_changeset{valid :: boolean(),
                                        schema :: module() | undefined,
                                        data :: map(),
                                        params :: map(),
                                        changes :: map(),
                                        errors :: [{atom(), binary()}],
                                        types :: #{atom() => kura_types:kura_type()},
                                        required :: [atom()],
                                        action :: atom() | undefined,
                                        constraints ::
                                            [#kura_constraint{type ::
                                                                  unique | foreign_key | check | exclusion,
                                                              constraint :: binary(),
                                                              field :: atom(),
                                                              message :: binary()}],
                                        assoc_changes ::
                                            #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                        prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                        optimistic_lock :: atom() | undefined}) ->
                           {ok,
                            #kura_changeset{valid :: boolean(),
                                            schema :: module() | undefined,
                                            data :: map(),
                                            params :: map(),
                                            changes :: map(),
                                            errors :: [{atom(), binary()}],
                                            types :: #{atom() => kura_types:kura_type()},
                                            required :: [atom()],
                                            action :: atom() | undefined,
                                            constraints ::
                                                [#kura_constraint{type ::
                                                                      unique | foreign_key | check |
                                                                      exclusion,
                                                                  constraint :: binary(),
                                                                  field :: atom(),
                                                                  message :: binary()}],
                                            assoc_changes ::
                                                #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                            prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                            optimistic_lock :: atom() | undefined}} |
                           {error,
                            #kura_changeset{valid :: boolean(),
                                            schema :: module() | undefined,
                                            data :: map(),
                                            params :: map(),
                                            changes :: map(),
                                            errors :: [{atom(), binary()}],
                                            types :: #{atom() => kura_types:kura_type()},
                                            required :: [atom()],
                                            action :: atom() | undefined,
                                            constraints ::
                                                [#kura_constraint{type ::
                                                                      unique | foreign_key | check |
                                                                      exclusion,
                                                                  constraint :: binary(),
                                                                  field :: atom(),
                                                                  message :: binary()}],
                                            assoc_changes ::
                                                #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                            prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                            optimistic_lock :: atom() | undefined}}.


      



  



  
    
      
    
    
      before_update/1


        (optional)


        
          
        

    

  


  

      

          -callback before_update(#kura_changeset{valid :: boolean(),
                                        schema :: module() | undefined,
                                        data :: map(),
                                        params :: map(),
                                        changes :: map(),
                                        errors :: [{atom(), binary()}],
                                        types :: #{atom() => kura_types:kura_type()},
                                        required :: [atom()],
                                        action :: atom() | undefined,
                                        constraints ::
                                            [#kura_constraint{type ::
                                                                  unique | foreign_key | check | exclusion,
                                                              constraint :: binary(),
                                                              field :: atom(),
                                                              message :: binary()}],
                                        assoc_changes ::
                                            #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                        prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                        optimistic_lock :: atom() | undefined}) ->
                           {ok,
                            #kura_changeset{valid :: boolean(),
                                            schema :: module() | undefined,
                                            data :: map(),
                                            params :: map(),
                                            changes :: map(),
                                            errors :: [{atom(), binary()}],
                                            types :: #{atom() => kura_types:kura_type()},
                                            required :: [atom()],
                                            action :: atom() | undefined,
                                            constraints ::
                                                [#kura_constraint{type ::
                                                                      unique | foreign_key | check |
                                                                      exclusion,
                                                                  constraint :: binary(),
                                                                  field :: atom(),
                                                                  message :: binary()}],
                                            assoc_changes ::
                                                #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                            prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                            optimistic_lock :: atom() | undefined}} |
                           {error,
                            #kura_changeset{valid :: boolean(),
                                            schema :: module() | undefined,
                                            data :: map(),
                                            params :: map(),
                                            changes :: map(),
                                            errors :: [{atom(), binary()}],
                                            types :: #{atom() => kura_types:kura_type()},
                                            required :: [atom()],
                                            action :: atom() | undefined,
                                            constraints ::
                                                [#kura_constraint{type ::
                                                                      unique | foreign_key | check |
                                                                      exclusion,
                                                                  constraint :: binary(),
                                                                  field :: atom(),
                                                                  message :: binary()}],
                                            assoc_changes ::
                                                #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                            prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                            optimistic_lock :: atom() | undefined}}.


      



  



  
    
      
    
    
      constraints()


        (optional)


        
          
        

    

  


  

      

          -callback constraints() -> [kura_migration:table_constraint()].


      



  



  
    
      
    
    
      embeds()


        (optional)


        
          
        

    

  


  

      

          -callback embeds() -> [#kura_embed{name :: atom(), type :: embeds_one | embeds_many, schema :: module()}].


      



  



  
    
      
    
    
      fields()



        
          
        

    

  


  

      

          -callback fields() ->
                    [#kura_field{name :: atom(),
                                 type :: kura_types:kura_type(),
                                 column :: binary() | undefined,
                                 default :: term(),
                                 primary_key :: boolean(),
                                 nullable :: boolean(),
                                 virtual :: boolean()}].


      



  



  
    
      
    
    
      generate_id()


        (optional)


        
          
        

    

  


  

      

          -callback generate_id() -> term().


      



  



  
    
      
    
    
      indexes()


        (optional)


        
          
        

    

  


  

      

          -callback indexes() -> [kura_migration:index_def()].


      



  



  
    
      
    
    
      key()


        (optional)


        
          
        

    

  


  

      

          -callback key() -> [atom()].


      



  



  
    
      
    
    
      table()



        
          
        

    

  


  

      

          -callback table() -> binary().


      



  



  
    
      
    
    
      timestamps()


        (optional)


        
          
        

    

  


  

      

          -callback timestamps() -> [{atom(), kura_types:kura_type()}].


      



  


        

      

      
        Functions


        


  
    
      
    
    
      assoc_fields/1



        
          
        

    

  


  

      

          -spec assoc_fields(#kura_assoc{name :: atom(),
                               type :: belongs_to | has_one | has_many | many_to_many,
                               schema :: module(),
                               foreign_key :: atom() | undefined,
                               ref ::
                                   #kura_ref{fields :: [atom()] | undefined,
                                             target :: module() | undefined,
                                             target_key :: [atom()] | undefined} |
                                   undefined,
                               join_through :: binary() | module() | undefined,
                               join_keys :: {atom() | [atom()], atom() | [atom()]} | undefined,
                               through :: [atom()] | undefined,
                               on_delete :: kura_schema:on_delete() | undefined}) ->
                      [atom()].


      


Return the foreign-key column(s) of an association as an ordered list.
A #kura_ref{}'s fields win; a legacy single foreign_key lowers to
a one-element list, so single-column associations are the arity-1 case
of the same list. Returns [] if neither is set.

  



  
    
      
    
    
      assoc_join_keys/1



        
          
        

    

  


  

      

          -spec assoc_join_keys(#kura_assoc{name :: atom(),
                                  type :: belongs_to | has_one | has_many | many_to_many,
                                  schema :: module(),
                                  foreign_key :: atom() | undefined,
                                  ref ::
                                      #kura_ref{fields :: [atom()] | undefined,
                                                target :: module() | undefined,
                                                target_key :: [atom()] | undefined} |
                                      undefined,
                                  join_through :: binary() | module() | undefined,
                                  join_keys :: {atom() | [atom()], atom() | [atom()]} | undefined,
                                  through :: [atom()] | undefined,
                                  on_delete :: kura_schema:on_delete() | undefined}) ->
                         {[atom()], [atom()]}.


      


Return a many_to_many association's join-table columns as
{OwnerCols, RelatedCols}, each an ordered list. A single-column
join_keys = {owner, related} is the one-element-list case.

  



  
    
      
    
    
      assoc_on_delete/1



        
          
        

    

  


  

      

          -spec assoc_on_delete(#kura_assoc{name :: atom(),
                                  type :: belongs_to | has_one | has_many | many_to_many,
                                  schema :: module(),
                                  foreign_key :: atom() | undefined,
                                  ref ::
                                      #kura_ref{fields :: [atom()] | undefined,
                                                target :: module() | undefined,
                                                target_key :: [atom()] | undefined} |
                                      undefined,
                                  join_through :: binary() | module() | undefined,
                                  join_keys :: {atom() | [atom()], atom() | [atom()]} | undefined,
                                  through :: [atom()] | undefined,
                                  on_delete :: kura_schema:on_delete() | undefined}) ->
                         on_delete() | undefined.


      


Return the referential action a belongs_to asks for when its parent row
is deleted, ready to be placed on the #kura_column{} that owns the key.
belongs_to is the only association that owns a foreign-key column, so it
is the only one that can carry the constraint. Declaring on_delete on any
other association type raises {on_delete_not_owned, Name, Type} rather
than being ignored - the clause would never reach the DDL, and a cascade
rule that silently does not exist is worse than a build failure.
An undeclared on_delete on a belongs_to lowers to no_action, which is
what generated foreign keys have always emitted. Any other type returns
undefined: it owns no column, so it contributes no clause.

  



  
    
      
    
    
      assoc_target/1



        
          
        

    

  


  

      

          -spec assoc_target(#kura_assoc{name :: atom(),
                               type :: belongs_to | has_one | has_many | many_to_many,
                               schema :: module(),
                               foreign_key :: atom() | undefined,
                               ref ::
                                   #kura_ref{fields :: [atom()] | undefined,
                                             target :: module() | undefined,
                                             target_key :: [atom()] | undefined} |
                                   undefined,
                               join_through :: binary() | module() | undefined,
                               join_keys :: {atom() | [atom()], atom() | [atom()]} | undefined,
                               through :: [atom()] | undefined,
                               on_delete :: kura_schema:on_delete() | undefined}) ->
                      module() | undefined.


      


Return the target schema module of an association.
A #kura_ref{}'s target wins; otherwise the legacy schema field.

  



  
    
      
    
    
      assoc_target_key/1



        
          
        

    

  


  

      

          -spec assoc_target_key(#kura_assoc{name :: atom(),
                                   type :: belongs_to | has_one | has_many | many_to_many,
                                   schema :: module(),
                                   foreign_key :: atom() | undefined,
                                   ref ::
                                       #kura_ref{fields :: [atom()] | undefined,
                                                 target :: module() | undefined,
                                                 target_key :: [atom()] | undefined} |
                                       undefined,
                                   join_through :: binary() | module() | undefined,
                                   join_keys :: {atom() | [atom()], atom() | [atom()]} | undefined,
                                   through :: [atom()] | undefined,
                                   on_delete :: kura_schema:on_delete() | undefined}) ->
                          [atom()] | undefined.


      


Return the explicit referenced key column(s) on the target side, or
undefined to mean "default to the target schema's key". Only a
#kura_ref{} can carry this; legacy associations always return
undefined.

  



  
    
      
    
    
      association(Mod, Name)



        
          
        

    

  


  

      

          -spec association(module(), atom()) ->
                     {ok,
                      #kura_assoc{name :: atom(),
                                  type :: belongs_to | has_one | has_many | many_to_many,
                                  schema :: module(),
                                  foreign_key :: atom() | undefined,
                                  ref ::
                                      #kura_ref{fields :: [atom()] | undefined,
                                                target :: module() | undefined,
                                                target_key :: [atom()] | undefined} |
                                      undefined,
                                  join_through :: binary() | module() | undefined,
                                  join_keys :: {atom() | [atom()], atom() | [atom()]} | undefined,
                                  through :: [atom()] | undefined,
                                  on_delete :: kura_schema:on_delete() | undefined}} |
                     {error, not_found}.


      


Look up a single association by name.

  



  
    
      
    
    
      associations(Mod)



        
          
        

    

  


  

      

          -spec associations(module()) ->
                      [#kura_assoc{name :: atom(),
                                   type :: belongs_to | has_one | has_many | many_to_many,
                                   schema :: module(),
                                   foreign_key :: atom() | undefined,
                                   ref ::
                                       #kura_ref{fields :: [atom()] | undefined,
                                                 target :: module() | undefined,
                                                 target_key :: [atom()] | undefined} |
                                       undefined,
                                   join_through :: binary() | module() | undefined,
                                   join_keys :: {atom() | [atom()], atom() | [atom()]} | undefined,
                                   through :: [atom()] | undefined,
                                   on_delete :: kura_schema:on_delete() | undefined}].


      


Return all associations defined on a schema module.

  



  
    
      
    
    
      column_map(Mod)



        
          
        

    

  


  

      

          -spec column_map(module()) -> #{atom() => binary()}.


      


Return map of field name to column name (binary), excluding virtual fields.

  



  
    
      
    
    
      constraints(Mod)



        
          
        

    

  


  

      

          -spec constraints(module()) -> [kura_migration:table_constraint()].


      


Return all table-level constraints defined on a schema module.

  



  
    
      
    
    
      embed(Mod, Name)



        
          
        

    

  


  

      

          -spec embed(module(), atom()) ->
               {ok, #kura_embed{name :: atom(), type :: embeds_one | embeds_many, schema :: module()}} |
               {error, not_found}.


      


Look up a single embed by name.

  



  
    
      
    
    
      embeds(Mod)



        
          
        

    

  


  

      

          -spec embeds(module()) ->
                [#kura_embed{name :: atom(), type :: embeds_one | embeds_many, schema :: module()}].


      


Return all embeds defined on a schema module.

  



  
    
      
    
    
      field_names(Mod)



        
          
        

    

  


  

      

          -spec field_names(module()) -> [atom()].


      


Return list of field names for a schema module.

  



  
    
      
    
    
      field_types(Mod)



        
          
        

    

  


  

      

          -spec field_types(module()) -> #{atom() => kura_types:kura_type()}.


      


Return map of field name to kura type for a schema module.

  



  
    
      
    
    
      generate_id(Mod)



        
          
        

    

  


  

      

          -spec generate_id(module()) -> {ok, term()} | undefined.


      


Generate a primary key value if the schema defines generate_id/0.

  



  
    
      
    
    
      has_after_hook(Mod, Action)



        
          
        

    

  


  

      

          -spec has_after_hook(module(), insert | update | delete) -> boolean().


      


Check if a schema module has an after_* hook for the given action.

  



  
    
      
    
    
      indexes(Mod)



        
          
        

    

  


  

      

          -spec indexes(module()) -> [kura_migration:index_def()].


      


Return all indexes defined on a schema module.

  



  
    
      
    
    
      key(Mod)



        
          
        

    

  


  

      

          -spec key(module()) -> [atom()].


      


Return the ordered primary-key column names for a schema module.
A schema declares its key with the optional key/0 callback (an ordered
list, arity 1 or more for composite keys). When key/0 is not
implemented, the key is derived from the fields marked
primary_key = true, so existing single-key schemas need no change.

  



  
    
      
    
    
      key_fields(Mod)



        
          
        

    

  


  

      

          -spec key_fields(module()) ->
                    [#kura_field{name :: atom(),
                                 type :: kura_types:kura_type(),
                                 column :: binary() | undefined,
                                 default :: term(),
                                 primary_key :: boolean(),
                                 nullable :: boolean(),
                                 virtual :: boolean()}].


      


Return the ordered primary-key field records for a schema module.

  



  
    
      
    
    
      non_virtual_fields(Mod)



        
          
        

    

  


  

      

          -spec non_virtual_fields(module()) -> [atom()].


      


Return list of non-virtual field names.

  



  
    
      
    
    
      primary_key(Mod)



        
          
        

    

  


  

      

          -spec primary_key(module()) -> atom().


      


Return the single primary-key field name for a schema module.
Convenience over key/1 for the common single-key case; raises
{composite_primary_key, Mod, Keys} on a composite key.

  



  
    
      
    
    
      primary_key_field(Mod)



        
          
        

    

  


  

      

          -spec primary_key_field(module()) ->
                           #kura_field{name :: atom(),
                                       type :: kura_types:kura_type(),
                                       column :: binary() | undefined,
                                       default :: term(),
                                       primary_key :: boolean(),
                                       nullable :: boolean(),
                                       virtual :: boolean()} |
                           undefined.


      


Return the single primary-key field record, or undefined if the
schema has no primary key. Raises on a composite key.

  



  
    
      
    
    
      run_after_delete(Mod, Record)



        
          
        

    

  


  

      

          -spec run_after_delete(module(), map()) -> ok | {error, term()}.


      


Run after_delete hook if defined. Returns ok or {error, Reason}.

  



  
    
      
    
    
      run_after_insert(Mod, Record)



        
          
        

    

  


  

      

          -spec run_after_insert(module(), map()) -> {ok, map()} | {error, term()}.


      


Run after_insert hook if defined. Returns {ok, Record} or {error, Reason}.

  



  
    
      
    
    
      run_after_update(Mod, Record)



        
          
        

    

  


  

      

          -spec run_after_update(module(), map()) -> {ok, map()} | {error, term()}.


      


Run after_update hook if defined. Returns {ok, Record} or {error, Reason}.

  



  
    
      
    
    
      run_before_delete(Mod, Record)



        
          
        

    

  


  

      

          -spec run_before_delete(module(), map()) -> ok | {error, term()}.


      


Run before_delete hook if defined. Returns ok or {error, Reason}.

  



  
    
      
    
    
      run_before_insert(Mod, CS)



        
          
        

    

  


  

      

          -spec run_before_insert(module(),
                        #kura_changeset{valid :: boolean(),
                                        schema :: module() | undefined,
                                        data :: map(),
                                        params :: map(),
                                        changes :: map(),
                                        errors :: [{atom(), binary()}],
                                        types :: #{atom() => kura_types:kura_type()},
                                        required :: [atom()],
                                        action :: atom() | undefined,
                                        constraints ::
                                            [#kura_constraint{type ::
                                                                  unique | foreign_key | check |
                                                                  exclusion,
                                                              constraint :: binary(),
                                                              field :: atom(),
                                                              message :: binary()}],
                                        assoc_changes ::
                                            #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                        prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                        optimistic_lock :: atom() | undefined}) ->
                           {ok,
                            #kura_changeset{valid :: boolean(),
                                            schema :: module() | undefined,
                                            data :: map(),
                                            params :: map(),
                                            changes :: map(),
                                            errors :: [{atom(), binary()}],
                                            types :: #{atom() => kura_types:kura_type()},
                                            required :: [atom()],
                                            action :: atom() | undefined,
                                            constraints ::
                                                [#kura_constraint{type ::
                                                                      unique | foreign_key | check |
                                                                      exclusion,
                                                                  constraint :: binary(),
                                                                  field :: atom(),
                                                                  message :: binary()}],
                                            assoc_changes ::
                                                #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                            prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                            optimistic_lock :: atom() | undefined}} |
                           {error,
                            #kura_changeset{valid :: boolean(),
                                            schema :: module() | undefined,
                                            data :: map(),
                                            params :: map(),
                                            changes :: map(),
                                            errors :: [{atom(), binary()}],
                                            types :: #{atom() => kura_types:kura_type()},
                                            required :: [atom()],
                                            action :: atom() | undefined,
                                            constraints ::
                                                [#kura_constraint{type ::
                                                                      unique | foreign_key | check |
                                                                      exclusion,
                                                                  constraint :: binary(),
                                                                  field :: atom(),
                                                                  message :: binary()}],
                                            assoc_changes ::
                                                #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                            prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                            optimistic_lock :: atom() | undefined}}.


      


Run before_insert hook if defined. Returns {ok, CS} or {error, CS}.

  



  
    
      
    
    
      run_before_update(Mod, CS)



        
          
        

    

  


  

      

          -spec run_before_update(module(),
                        #kura_changeset{valid :: boolean(),
                                        schema :: module() | undefined,
                                        data :: map(),
                                        params :: map(),
                                        changes :: map(),
                                        errors :: [{atom(), binary()}],
                                        types :: #{atom() => kura_types:kura_type()},
                                        required :: [atom()],
                                        action :: atom() | undefined,
                                        constraints ::
                                            [#kura_constraint{type ::
                                                                  unique | foreign_key | check |
                                                                  exclusion,
                                                              constraint :: binary(),
                                                              field :: atom(),
                                                              message :: binary()}],
                                        assoc_changes ::
                                            #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                        prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                        optimistic_lock :: atom() | undefined}) ->
                           {ok,
                            #kura_changeset{valid :: boolean(),
                                            schema :: module() | undefined,
                                            data :: map(),
                                            params :: map(),
                                            changes :: map(),
                                            errors :: [{atom(), binary()}],
                                            types :: #{atom() => kura_types:kura_type()},
                                            required :: [atom()],
                                            action :: atom() | undefined,
                                            constraints ::
                                                [#kura_constraint{type ::
                                                                      unique | foreign_key | check |
                                                                      exclusion,
                                                                  constraint :: binary(),
                                                                  field :: atom(),
                                                                  message :: binary()}],
                                            assoc_changes ::
                                                #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                            prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                            optimistic_lock :: atom() | undefined}} |
                           {error,
                            #kura_changeset{valid :: boolean(),
                                            schema :: module() | undefined,
                                            data :: map(),
                                            params :: map(),
                                            changes :: map(),
                                            errors :: [{atom(), binary()}],
                                            types :: #{atom() => kura_types:kura_type()},
                                            required :: [atom()],
                                            action :: atom() | undefined,
                                            constraints ::
                                                [#kura_constraint{type ::
                                                                      unique | foreign_key | check |
                                                                      exclusion,
                                                                  constraint :: binary(),
                                                                  field :: atom(),
                                                                  message :: binary()}],
                                            assoc_changes ::
                                                #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                            prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                            optimistic_lock :: atom() | undefined}}.


      


Run before_update hook if defined. Returns {ok, CS} or {error, CS}.

  


        

      


  

    
kura_audit 
    



      
Audit trail for Kura schema operations.
Tracks inserts, updates, and deletes in an audit_log table. Uses the
process dictionary for actor context (who made the change) and for stashing
old data during updates.
Setup
Create the audit_log table via migration:
up() -> kura_audit:migration_up().
down() -> kura_audit:migration_down().
Usage in schema hooks
-export([before_update/1, after_insert/1, after_update/1, after_delete/1]).

before_update(CS) ->
    kura_audit:stash(CS),
    {ok, CS}.

after_insert(Record) ->
    kura_audit:log(my_repo, ?MODULE, insert, Record),
    {ok, Record}.

after_update(Record) ->
    kura_audit:log(my_repo, ?MODULE, update, Record),
    {ok, Record}.

after_delete(Record) ->
    kura_audit:log(my_repo, ?MODULE, delete, Record),
    ok.
Actor context
kura_audit:set_actor(<<"user-123">>).
kura_audit:set_actor(<<"user-123">>, #{ip => <<"1.2.3.4">>}).
kura_audit:with_actor(<<"admin">>, fun() -> my_repo:delete(CS) end).

      


      
        Summary


  
    Functions
  


    
      
        clear_actor()

      


        Clear the audit actor from the current process.



    


    
      
        get_actor()

      


        Get the current audit actor, or undefined if not set.



    


    
      
        log(Repo, SchemaMod, Action, Record)

      


        Write an audit log entry. Call from after_insert/1, after_update/1,
or after_delete/1 hooks.



    


    
      
        migration_down()

      


        Migration operations to drop the audit_log table.



    


    
      
        migration_up()

      


        Migration operations to create the audit_log table.



    


    
      
        set_actor(ActorId)

      


        Set the audit actor for the current process.



    


    
      
        set_actor(ActorId, Metadata)

      


        Set the audit actor and metadata for the current process.



    


    
      
        stash/1

      


        Stash the changeset's current data for later diff computation.
Call this in before_update/1 so that log/4 can compute the changes.



    


    
      
        with_actor(ActorId, Fun)

      


        Execute a function with a temporary actor, restoring the previous actor after.



    


    
      
        with_actor(ActorId, Metadata, Fun)

      


        Execute a function with a temporary actor and metadata.



    





      


      
        Functions


        


  
    
      
    
    
      clear_actor()



        
          
        

    

  


  

      

          -spec clear_actor() -> ok.


      


Clear the audit actor from the current process.

  



  
    
      
    
    
      get_actor()



        
          
        

    

  


  

      

          -spec get_actor() -> binary() | undefined.


      


Get the current audit actor, or undefined if not set.

  



  
    
      
    
    
      log(Repo, SchemaMod, Action, Record)



        
          
        

    

  


  

      

          -spec log(module(), module(), insert | update | delete, map()) -> ok.


      


Write an audit log entry. Call from after_insert/1, after_update/1,
or after_delete/1 hooks.
For updates, call kura_audit:stash/1 in the corresponding before_update/1
hook to capture the old data for diff computation.

  



  
    
      
    
    
      migration_down()



        
          
        

    

  


  

      

          -spec migration_down() -> [kura_migration:operation()].


      


Migration operations to drop the audit_log table.

  



  
    
      
    
    
      migration_up()



        
          
        

    

  


  

      

          -spec migration_up() -> [kura_migration:operation()].


      


Migration operations to create the audit_log table.

  



  
    
      
    
    
      set_actor(ActorId)



        
          
        

    

  


  

      

          -spec set_actor(binary()) -> ok.


      


Set the audit actor for the current process.

  



  
    
      
    
    
      set_actor(ActorId, Metadata)



        
          
        

    

  


  

      

          -spec set_actor(binary(), map()) -> ok.


      


Set the audit actor and metadata for the current process.

  



  
    
      
    
    
      stash/1



        
          
        

    

  


  

      

          -spec stash(#kura_changeset{valid :: boolean(),
                            schema :: module() | undefined,
                            data :: map(),
                            params :: map(),
                            changes :: map(),
                            errors :: [{atom(), binary()}],
                            types :: #{atom() => kura_types:kura_type()},
                            required :: [atom()],
                            action :: atom() | undefined,
                            constraints ::
                                [#kura_constraint{type :: unique | foreign_key | check | exclusion,
                                                  constraint :: binary(),
                                                  field :: atom(),
                                                  message :: binary()}],
                            assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                            prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                            optimistic_lock :: atom() | undefined}) ->
               ok.


      


Stash the changeset's current data for later diff computation.
Call this in before_update/1 so that log/4 can compute the changes.

  



  
    
      
    
    
      with_actor(ActorId, Fun)



        
          
        

    

  


  

      

          -spec with_actor(binary(), fun(() -> T)) -> T when T :: term().


      


Execute a function with a temporary actor, restoring the previous actor after.

  



  
    
      
    
    
      with_actor(ActorId, Metadata, Fun)



        
          
        

    

  


  

      

          -spec with_actor(binary(), map() | undefined, fun(() -> T)) -> T when T :: term().


      


Execute a function with a temporary actor and metadata.

  


        

      


  

    
kura_audit_log 
    



      
Schema for the audit_log table used by kura_audit.

      


      
        Summary


  
    Functions
  


    
      
        fields()

      


    


    
      
        indexes()

      


    


    
      
        table()

      


    





      


      
        Functions


        


  
    
      
    
    
      fields()



        
          
        

    

  


  


  



  
    
      
    
    
      indexes()



        
          
        

    

  


  


  



  
    
      
    
    
      table()



        
          
        

    

  


  


  


        

      


  

    
kura_migration behaviour
    



      
Behaviour for defining database migrations.
Implement up/0 and down/0 returning a list of DDL operations.
Migration modules must be named m<YYYYMMDDHHMMSS>_<name>.
-module(m20250101120000_create_users).
-behaviour(kura_migration).
-include_lib("kura/include/kura.hrl").

up() ->
    [{create_table, <<"users">>, [
        #kura_column{name = id, type = id, primary_key = true},
        #kura_column{name = name, type = string, nullable = false},
        #kura_column{name = email, type = string, nullable = false}
    ]},
    {create_index, <<"users">>, [email], #{unique => true}}].

down() ->
    [{drop_index, <<"users_email_index">>},
     {drop_table, <<"users">>}].

      


      
        Summary


  
    Types
  


    
      
        alter_op()

      


    


    
      
        column_def()

      


    


    
      
        index_def()

      


    


    
      
        index_opts()

      


    


    
      
        index_opts_map()

      


    


    
      
        operation()

      


    


    
      
        safe_entry()

      


    


    
      
        table_constraint()

      


    





  
    Callbacks
  


    
      
        down()

      


    


    
      
        safe()

      


    


    
      
        up()

      


    





  
    Functions
  


    
      
        index_name(Table, Cols)

      


        Generate an Ecto-style index name: {table}_{cols}_index.



    





      


      
        Types


        


  
    
      
    
    
      alter_op()



        
          
        

    

  


  

      

          -type alter_op() ::
          {add_column, column_def()} |
          {drop_column, atom()} |
          {rename_column, atom(), atom()} |
          {modify_column, atom(), kura_types:kura_type()}.


      



  



  
    
      
    
    
      column_def()



        
          
        

    

  


  

      

          -type column_def() ::
          #kura_column{name :: atom(),
                       type :: kura_types:kura_type(),
                       nullable :: boolean(),
                       default :: term(),
                       primary_key :: boolean(),
                       references :: {binary(), atom()} | undefined,
                       on_delete :: kura_schema:on_delete() | undefined,
                       on_update :: kura_schema:on_delete() | undefined}.


      



  



  
    
      
    
    
      index_def()



        
          
        

    

  


  

      

          -type index_def() :: {[atom()], index_opts_map()}.


      



  



  
    
      
    
    
      index_opts()



        
          
        

    

  


  

      

          -type index_opts() :: [unique | {where, binary()}].


      



  



  
    
      
    
    
      index_opts_map()



        
          
        

    

  


  

      

          -type index_opts_map() :: #{unique => boolean(), where => binary()}.


      



  



  
    
      
    
    
      operation()



        
          
        

    

  


  

      

          -type operation() ::
          {create_table, binary(), [column_def()]} |
          {create_table, binary(), [column_def()], [table_constraint()]} |
          {drop_table, binary()} |
          {alter_table, binary(), [alter_op()]} |
          {create_index, binary(), [atom()], index_opts_map()} |
          {create_index, binary(), binary(), [atom()], index_opts()} |
          {drop_index, binary()} |
          {execute, binary()}.


      



  



  
    
      
    
    
      safe_entry()



        
          
        

    

  


  

      

          -type safe_entry() ::
          {drop_column, atom()} |
          {rename_column, atom()} |
          {modify_column, atom()} |
          {add_column, atom()} |
          drop_table.


      



  



  
    
      
    
    
      table_constraint()



        
          
        

    

  


  

      

          -type table_constraint() :: {primary_key, [atom()]} | {unique, [atom()]} | {check, binary()}.


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      down()



        
          
        

    

  


  

      

          -callback down() -> [operation()].


      



  



  
    
      
    
    
      safe()


        (optional)


        
          
        

    

  


  

      

          -callback safe() -> [safe_entry()].


      



  



  
    
      
    
    
      up()



        
          
        

    

  


  

      

          -callback up() -> [operation()].


      



  


        

      

      
        Functions


        


  
    
      
    
    
      index_name(Table, Cols)



        
          
        

    

  


  

      

          -spec index_name(binary(), [atom()]) -> binary().


      


Generate an Ecto-style index name: {table}_{cols}_index.

  


        

      


  

    
kura_migrator 
    



      
Runs, rolls back, and reports status of migrations.
Discovers migration modules automatically from the application that owns the
repo module. Any module named m<YYYYMMDDHHMMSS>_<name> in the application's
module list is treated as a migration. Tracks applied versions in a
schema_migrations table.
A repo may pull in migrations from further applications - an extension
shipping its own schema, for instance - by exporting the optional
kura_repo callback migration_apps/0. The applications are ordered by
the OTP applications dependency graph, so a dependency's migrations
always run before its dependents'. See migration_apps/1.
schema_migrations records versions only. A version is therefore global
across every application feeding a repo: two applications shipping the
same version is a hard error (duplicate_migration_version) rather than
a silent last-one-wins.
All migrations run within a single transaction protected by a PostgreSQL
advisory lock (pg_advisory_xact_lock) to prevent concurrent execution
across multiple nodes. The applied-version set is read inside that lock,
so two nodes booting together cannot both decide the same migration is
pending, and schema_migrations is created under the same lock in its
own transaction, so they cannot race to create it either.
migrate/1 and status/1 span every application. The two operations
that record versions without running the DDL they stand for -
rollback/1,2 and fake/1 - refuse a multi-application set rather than
guess which application an operator meant; rollback/3 and fake/2 name
one.

      


      
        Summary


  
    Functions
  


    
      
        check_unsafe_operations/2

      


        Check migration operations for actions that are unsafe during rolling deployments.



    


    
      
        compile_operation/2

      


        Compile a single DDL operation to SQL using RepoMod's dialect.



    


    
      
        ensure_database(RepoMod)

      


    


    
      
        ensure_schema_migrations(RepoMod)

      


        Create schema_migrations if it is not already there.



    


    
      
        fake(RepoMod)

      


        Stamp all pending migrations as applied WITHOUT running their DDL.



    


    
      
        fake(RepoMod, App)

      


        Stamp App's pending migrations as applied WITHOUT running their DDL.



    


    
      
        migrate(RepoMod)

      


        Run all pending migrations in order.



    


    
      
        migration_apps(RepoMod)

      


        The applications whose migrations run for RepoMod, in dependency order.



    


    
      
        rollback(RepoMod)

      


        Roll back the last migration.



    


    
      
        rollback(RepoMod, Steps)

      


        Roll back the last Steps migrations.



    


    
      
        rollback(RepoMod, App, Steps)

      


        Roll back the last Steps migrations of App.



    


    
      
        status(RepoMod)

      


        Return the status of all discovered migrations (up or pending).



    


    
      
        wait_for_pool(RepoMod)

      


    


    
      
        wait_for_pool(RepoMod, Timeout)

      


    





      


      
        Functions


        


  
    
      
    
    
      check_unsafe_operations/2



        
          
        

    

  


  

      

          -spec check_unsafe_operations([kura_migration:operation()], [kura_migration:safe_entry()]) -> [map()].


      


Check migration operations for actions that are unsafe during rolling deployments.

  



  
    
      
    
    
      compile_operation/2



        
          
        

    

  


  

      

          -spec compile_operation(module(), kura_migration:operation()) -> binary().


      


Compile a single DDL operation to SQL using RepoMod's dialect.

  



  
    
      
    
    
      ensure_database(RepoMod)



        
          
        

    

  


  

      

          -spec ensure_database(module()) -> ok.


      



  



  
    
      
    
    
      ensure_schema_migrations(RepoMod)



        
          
        

    

  


  

      

          -spec ensure_schema_migrations(module()) -> ok | {error, term()}.


      


Create schema_migrations if it is not already there.
Runs under the migration advisory lock in a transaction of its own.
CREATE TABLE IF NOT EXISTS is not atomic against a concurrent
creator: both sessions can pass the existence check and the loser
fails on pg_type's unique index. Taking the lock first is what makes
two nodes booting together safe, and the transaction is separate from
the migration one so the lock is released before migrate/1 re-takes
it - no lock is held across the two.
Returns {error, {schema_migrations_failed, Reason}} when the
statement does not succeed, rather than leaving every later query to
fail on a table that was never created.

  



  
    
      
    
    
      fake(RepoMod)



        
          
        

    

  


  

      

          -spec fake(module()) -> {ok, [integer()]} | {error, term()}.


      


Stamp all pending migrations as applied WITHOUT running their DDL.
Baseline for brownfield adoption: after rebar3 kura gen_schemas
bootstraps schema modules from an existing database, the first
compile emits create_table migrations for tables that already
exist. fake/1 records those in schema_migrations so real
migrations proceed from there. It never executes migration DDL.
Refuses a repo drawing migrations from more than one application with
{error, {ambiguous_fake, Apps}}, and does not stamp anything. An
operator baselining a brownfield database has the host's tables in
front of them; an extension added at the same time has none, and
stamping its migrations too means its tables are never created and
migrate/1 thereafter believes there is nothing to do. Name the one
application being baselined with fake/2.
Precondition: fake/1 stamps EVERY pending migration of the single
application it covers. Only run it when every pending migration
corresponds to schema that already exists - a genuinely-new migration
in the pending set would be stamped without its table ever being
created, and a later migrate/1 would then treat it as done. Check
status/1 first; the versions about to be stamped are also logged at
warning level. For the mixed new/existing case use a version-scoped
baseline (kura#156).

  



  
    
      
    
    
      fake(RepoMod, App)



        
          
        

    

  


  

      

          -spec fake(module(), atom()) -> {ok, [integer()]} | {error, term()}.


      


Stamp App's pending migrations as applied WITHOUT running their DDL.
The per-application form of fake/1, for a repo drawing migrations
from more than one application. Only App's pending migrations are
stamped; every other application's stay pending, so a host can be
baselined while a freshly installed extension still gets its tables
created by migrate/1.
App must be one of migration_apps/1, otherwise
{error, {unknown_migration_app, App, Apps}} and nothing is stamped.
fake/1's precondition applies unchanged, scoped to App: every one
of its pending migrations must correspond to schema that already
exists.

  



  
    
      
    
    
      migrate(RepoMod)



        
          
        

    

  


  

      

          -spec migrate(module()) -> {ok, [integer()]} | {error, term()}.


      


Run all pending migrations in order.

  



  
    
      
    
    
      migration_apps(RepoMod)



        
          
        

    

  


  

      

          -spec migration_apps(module()) -> {ok, [atom()]} | {error, term()}.


      


The applications whose migrations run for RepoMod, in dependency order.
The application owning the repo module is always included. A repo pulls
in further applications by exporting the optional kura_repo callback
migration_apps/0:
-module(my_repo).
-behaviour(kura_repo).
-export([otp_app/0, migration_apps/0]).

otp_app() -> my_app.

migration_apps() -> [my_gdpr_extension].
The result is a topological sort of the applications' OTP applications
lists, so a dependency's migrations always run before its dependents'.
There is no separate ordering configuration - the dependency graph OTP
already declares is the one that is used. Applications are compared by
their transitively reachable dependencies, so an intermediate
application that ships no migrations still orders the two that do.
Every declared application must be loaded; one that is not yields
{error, {migration_apps_not_loaded, Apps}} rather than contributing
zero migrations silently.

  



  
    
      
    
    
      rollback(RepoMod)



        
          
        

    

  


  

      

          -spec rollback(module()) -> {ok, [integer()]} | {error, term()}.


      


Roll back the last migration.

  



  
    
      
    
    
      rollback(RepoMod, Steps)



        
          
        

    

  


  

      

          -spec rollback(module(), non_neg_integer()) -> {ok, [integer()]} | {error, term()}.


      


Roll back the last Steps migrations.
The window is the Steps highest applied versions. Every version in it
must resolve to a discovered migration module: if one does not, the
rollback aborts with {error, {unknown_applied_versions, Versions}}
rather than quietly rolling back fewer migrations than asked for. The
usual cause is a migration module deleted from source while its
schema_migrations row remains.
Within the window, migrations run in reverse apply order, so a
dependency's down/0 never runs before its dependents'.
Refuses a repo drawing migrations from more than one application with
{error, {ambiguous_rollback, Apps}}, and rolls nothing back.
schema_migrations records versions and nothing else, so the only
window this function can compute is one ordered by version - and
"the last three" across unrelated applications can take one migration
each from three of them and leave every one half-migrated, in an order
their dependency graph never sanctioned. Name the application with
rollback/3.

  



  
    
      
    
    
      rollback(RepoMod, App, Steps)



        
          
        

    

  


  

      

          -spec rollback(module(), atom(), non_neg_integer()) -> {ok, [integer()]} | {error, term()}.


      


Roll back the last Steps migrations of App.
The per-application form of rollback/2, for a repo drawing migrations
from more than one application. The window is the Steps highest
applied versions among those App's discovered migrations claim, so
no other application's migrations can enter it whatever their versions
are. Within the window, execution reverses App's apply order.
App must be one of migration_apps/1, otherwise
{error, {unknown_migration_app, App, Apps}} and nothing is rolled back.
Rolling an application back below a version a dependent application
builds on is not detected: schema_migrations has no record of which
application applied a version, so kura cannot tell an orphan row of
App's from any other application's. Roll dependents back first.

  



  
    
      
    
    
      status(RepoMod)



        
          
        

    

  


  

      

          -spec status(module()) -> [{integer(), module(), up | pending}] | {error, term()}.


      


Return the status of all discovered migrations (up or pending).
Listed in apply order: applications in dependency order, versions
ascending within each. Spans every application, so it is the thing to
check before fake/2 or rollback/3.
Returns [] when the pool is unavailable, and {error, Reason} when
schema_migrations cannot be created or discovery itself fails (a
duplicate version across applications, for instance).

  



  
    
      
    
    
      wait_for_pool(RepoMod)



        
          
        

    

  


  

      

          -spec wait_for_pool(module()) -> ok | {error, pool_unavailable}.


      



  



  
    
      
    
    
      wait_for_pool(RepoMod, Timeout)



        
          
        

    

  


  

      

          -spec wait_for_pool(module(), non_neg_integer()) -> ok | {error, pool_unavailable}.


      



  


        

      


  

    
kura_multi 
    



      
Transaction pipelines that group multiple repo operations atomically.
Build a pipeline with new/0, add steps with insert/3, update/3,
delete/3, or run/3, then execute with kura_repo_worker:multi/2.
Multi = kura_multi:new(),
M1 = kura_multi:insert(Multi, create_user, UserCS),
M2 = kura_multi:insert(M1, create_profile, fun(#{create_user := User}) ->
    kura_changeset:cast(profile, #{}, #{user_id => maps:get(id, User)}, [user_id])
end),
{ok, Results} = kura_repo_worker:multi(MyRepo, M2).

      


      
        Summary


  
    Functions
  


    
      
        append/2

      


        Append the operations of the second multi onto the first.



    


    
      
        delete(Multi, Name, CSOrFun)

      


        Add a delete step.



    


    
      
        insert(Multi, Name, CSOrFun)

      


        Add an insert step. Accepts a changeset or a fun(PreviousResults) -> Changeset.



    


    
      
        new()

      


        Create a new empty multi pipeline.



    


    
      
        run(Multi, Name, Fun)

      


        Add an arbitrary function step that receives previous results.



    


    
      
        to_list/1

      


        Return the operations list in execution order.



    


    
      
        update(Multi, Name, CSOrFun)

      


        Add an update step.



    





      


      
        Functions


        


  
    
      
    
    
      append/2



        
          
        

    

  


  

      

          -spec append(#kura_multi{operations :: [{atom(), term()}]},
             #kura_multi{operations :: [{atom(), term()}]}) ->
                #kura_multi{operations :: [{atom(), term()}]}.


      


Append the operations of the second multi onto the first.

  



  
    
      
    
    
      delete(Multi, Name, CSOrFun)



        
          
        

    

  


  

      

          -spec delete(#kura_multi{operations :: [{atom(), term()}]},
             atom(),
             #kura_changeset{valid :: boolean(),
                             schema :: module() | undefined,
                             data :: map(),
                             params :: map(),
                             changes :: map(),
                             errors :: [{atom(), binary()}],
                             types :: #{atom() => kura_types:kura_type()},
                             required :: [atom()],
                             action :: atom() | undefined,
                             constraints ::
                                 [#kura_constraint{type :: unique | foreign_key | check | exclusion,
                                                   constraint :: binary(),
                                                   field :: atom(),
                                                   message :: binary()}],
                             assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                             prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                             optimistic_lock :: atom() | undefined} |
             fun((map()) ->
                     #kura_changeset{valid :: boolean(),
                                     schema :: module() | undefined,
                                     data :: map(),
                                     params :: map(),
                                     changes :: map(),
                                     errors :: [{atom(), binary()}],
                                     types :: #{atom() => kura_types:kura_type()},
                                     required :: [atom()],
                                     action :: atom() | undefined,
                                     constraints ::
                                         [#kura_constraint{type ::
                                                               unique | foreign_key | check | exclusion,
                                                           constraint :: binary(),
                                                           field :: atom(),
                                                           message :: binary()}],
                                     assoc_changes ::
                                         #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                     prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                     optimistic_lock :: atom() | undefined})) ->
                #kura_multi{operations :: [{atom(), term()}]}.


      


Add a delete step.

  



  
    
      
    
    
      insert(Multi, Name, CSOrFun)



        
          
        

    

  


  

      

          -spec insert(#kura_multi{operations :: [{atom(), term()}]},
             atom(),
             #kura_changeset{valid :: boolean(),
                             schema :: module() | undefined,
                             data :: map(),
                             params :: map(),
                             changes :: map(),
                             errors :: [{atom(), binary()}],
                             types :: #{atom() => kura_types:kura_type()},
                             required :: [atom()],
                             action :: atom() | undefined,
                             constraints ::
                                 [#kura_constraint{type :: unique | foreign_key | check | exclusion,
                                                   constraint :: binary(),
                                                   field :: atom(),
                                                   message :: binary()}],
                             assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                             prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                             optimistic_lock :: atom() | undefined} |
             fun((map()) ->
                     #kura_changeset{valid :: boolean(),
                                     schema :: module() | undefined,
                                     data :: map(),
                                     params :: map(),
                                     changes :: map(),
                                     errors :: [{atom(), binary()}],
                                     types :: #{atom() => kura_types:kura_type()},
                                     required :: [atom()],
                                     action :: atom() | undefined,
                                     constraints ::
                                         [#kura_constraint{type ::
                                                               unique | foreign_key | check | exclusion,
                                                           constraint :: binary(),
                                                           field :: atom(),
                                                           message :: binary()}],
                                     assoc_changes ::
                                         #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                     prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                     optimistic_lock :: atom() | undefined})) ->
                #kura_multi{operations :: [{atom(), term()}]}.


      


Add an insert step. Accepts a changeset or a fun(PreviousResults) -> Changeset.

  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          -spec new() -> #kura_multi{operations :: [{atom(), term()}]}.


      


Create a new empty multi pipeline.

  



  
    
      
    
    
      run(Multi, Name, Fun)



        
          
        

    

  


  

      

          -spec run(#kura_multi{operations :: [{atom(), term()}]},
          atom(),
          fun((map()) -> {ok, term()} | {error, term()})) ->
             #kura_multi{operations :: [{atom(), term()}]}.


      


Add an arbitrary function step that receives previous results.

  



  
    
      
    
    
      to_list/1



        
          
        

    

  


  

      

          -spec to_list(#kura_multi{operations :: [{atom(), term()}]}) -> [{atom(), term()}].


      


Return the operations list in execution order.

  



  
    
      
    
    
      update(Multi, Name, CSOrFun)



        
          
        

    

  


  

      

          -spec update(#kura_multi{operations :: [{atom(), term()}]},
             atom(),
             #kura_changeset{valid :: boolean(),
                             schema :: module() | undefined,
                             data :: map(),
                             params :: map(),
                             changes :: map(),
                             errors :: [{atom(), binary()}],
                             types :: #{atom() => kura_types:kura_type()},
                             required :: [atom()],
                             action :: atom() | undefined,
                             constraints ::
                                 [#kura_constraint{type :: unique | foreign_key | check | exclusion,
                                                   constraint :: binary(),
                                                   field :: atom(),
                                                   message :: binary()}],
                             assoc_changes :: #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                             prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                             optimistic_lock :: atom() | undefined} |
             fun((map()) ->
                     #kura_changeset{valid :: boolean(),
                                     schema :: module() | undefined,
                                     data :: map(),
                                     params :: map(),
                                     changes :: map(),
                                     errors :: [{atom(), binary()}],
                                     types :: #{atom() => kura_types:kura_type()},
                                     required :: [atom()],
                                     action :: atom() | undefined,
                                     constraints ::
                                         [#kura_constraint{type ::
                                                               unique | foreign_key | check | exclusion,
                                                           constraint :: binary(),
                                                           field :: atom(),
                                                           message :: binary()}],
                                     assoc_changes ::
                                         #{atom() => #kura_changeset{} | [#kura_changeset{}]},
                                     prepare :: [fun((#kura_changeset{}) -> #kura_changeset{})],
                                     optimistic_lock :: atom() | undefined})) ->
                #kura_multi{operations :: [{atom(), term()}]}.


      


Add an update step.

  


        

      


  

    
kura_paginator 
    



      
Pagination helpers for Kura queries.
Offset-based pagination:
Q = kura_query:from(my_schema),
{ok, Page} = kura_paginator:paginate(my_repo, Q, #{page => 2, page_size => 20}).
%% #{entries => [...], page => 2, page_size => 20,
%%   total_entries => 150, total_pages => 8}
Cursor-based (keyset) pagination:
Q = kura_query:from(my_schema),
{ok, Page} = kura_paginator:cursor_paginate(my_repo, Q, #{limit => 20}).
%% #{entries => [...], has_next => true, has_prev => false,
%%   start_cursor => 1, end_cursor => 20}

%% Next page:
{ok, Page2} = kura_paginator:cursor_paginate(my_repo, Q, #{
    limit => 20, after => maps:get(end_cursor, Page)
}).

      


      
        Summary


  
    Functions
  


    
      
        cursor_paginate(Repo, Query, Opts)

      


        Cursor-based (keyset) pagination. Efficient for large datasets - avoids
counting and offset scanning.



    


    
      
        paginate(Repo, Query, Opts)

      


        Offset-based pagination. Returns entries for the given page along with
total counts.



    


    
      
        total_pages/2

      


        Calculate total number of pages given total entries and page size.



    





      


      
        Functions


        


  
    
      
    
    
      cursor_paginate(Repo, Query, Opts)



        
          
        

    

  


  

      

          -spec cursor_paginate(module(),
                      #kura_query{from :: atom() | module() | undefined,
                                  select :: [atom() | term()] | {exprs, [term()]},
                                  wheres :: [term()],
                                  joins :: [term()],
                                  order_bys :: [term()],
                                  group_bys :: [atom()],
                                  havings :: [term()],
                                  limit :: non_neg_integer() | undefined,
                                  offset :: non_neg_integer() | undefined,
                                  distinct :: boolean() | [atom()],
                                  lock :: binary() | undefined,
                                  prefix :: binary() | undefined,
                                  preloads :: [atom() | {atom(), list()}],
                                  ctes :: [{binary(), #kura_query{}}],
                                  combinations ::
                                      [{union | union_all | intersect | except, #kura_query{}}],
                                  include_deleted :: boolean()},
                      map()) ->
                         {ok, map()} | {error, term()}.


      


Cursor-based (keyset) pagination. Efficient for large datasets - avoids
counting and offset scanning.
Options:
	limit - max entries to return (default: 20)
	cursor_field - field to paginate on (default: id)
	'after' - cursor value; fetch entries after this value (forward)
	before - cursor value; fetch entries before this value (backward)

When neither after nor before is given, fetches from the beginning.

  



  
    
      
    
    
      paginate(Repo, Query, Opts)



        
          
        

    

  


  

      

          -spec paginate(module(),
               #kura_query{from :: atom() | module() | undefined,
                           select :: [atom() | term()] | {exprs, [term()]},
                           wheres :: [term()],
                           joins :: [term()],
                           order_bys :: [term()],
                           group_bys :: [atom()],
                           havings :: [term()],
                           limit :: non_neg_integer() | undefined,
                           offset :: non_neg_integer() | undefined,
                           distinct :: boolean() | [atom()],
                           lock :: binary() | undefined,
                           prefix :: binary() | undefined,
                           preloads :: [atom() | {atom(), list()}],
                           ctes :: [{binary(), #kura_query{}}],
                           combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                           include_deleted :: boolean()},
               map()) ->
                  {ok, map()} | {error, term()}.


      


Offset-based pagination. Returns entries for the given page along with
total counts.
Options:
	page - page number, 1-based (default: 1)
	page_size - entries per page (default: 20)


  



  
    
      
    
    
      total_pages/2



        
          
        

    

  


  

      

          -spec total_pages(non_neg_integer(), pos_integer()) -> non_neg_integer().


      


Calculate total number of pages given total entries and page size.

  


        

      


  

    
kura_sandbox 
    



      
Test sandbox that wraps each test in a rolled-back transaction.
Supports three modes:
Single-process (default) - the test process owns the connection:
init_per_testcase(_TestCase, Config) ->
    kura_sandbox:checkout(my_repo),
    Config.

end_per_testcase(_TestCase, _Config) ->
    kura_sandbox:checkin(my_repo),
    ok.
Allow - let spawned processes share the sandbox connection:
kura_sandbox:checkout(my_repo),
kura_sandbox:allow(my_repo, self(), WorkerPid).
Shared - all processes use a single sandbox connection (simplest
for tests that spawn many processes):
kura_sandbox:checkout(my_repo, #{shared => true}).
All database operations within the sandbox are rolled back on checkin.
No test data persists.

      


      
        Summary


  
    Functions
  


    
      
        allow(RepoMod, OwnerPid, ChildPid)

      


        Allow ChildPid to use OwnerPid's sandbox connection.



    


    
      
        checkin(RepoMod)

      


        Roll back the sandbox transaction and return the connection to the pool.



    


    
      
        checkout(RepoMod)

      


        Check out a sandbox connection with default options.



    


    
      
        checkout(RepoMod, Opts)

      


        Check out a sandbox connection.



    


    
      
        get_conn(Pool)

      


        Look up a sandbox connection for the current process and pool.



    


    
      
        start()

      


        Create the sandbox ETS table. Call once before tests run.



    





      


      
        Functions


        


  
    
      
    
    
      allow(RepoMod, OwnerPid, ChildPid)



        
          
        

    

  


  

      

          -spec allow(module(), pid(), pid()) -> ok.


      


Allow ChildPid to use OwnerPid's sandbox connection.
The child process must call this before making any database queries.

  



  
    
      
    
    
      checkin(RepoMod)



        
          
        

    

  


  

      

          -spec checkin(module()) -> ok.


      


Roll back the sandbox transaction and return the connection to the pool.

  



  
    
      
    
    
      checkout(RepoMod)



        
          
        

    

  


  

      

          -spec checkout(module()) -> ok.


      


Check out a sandbox connection with default options.

  



  
    
      
    
    
      checkout(RepoMod, Opts)



        
          
        

    

  


  

      

          -spec checkout(module(), map()) -> ok.


      


Check out a sandbox connection.
Options:
	shared - when true, all processes use this connection (default: false)


  



  
    
      
    
    
      get_conn(Pool)



        
          
        

    

  


  

      

          -spec get_conn(atom()) -> {ok, term()} | not_found.


      


Look up a sandbox connection for the current process and pool.
Returns {ok, Conn} if a sandbox connection exists (owned, allowed,
or shared), not_found otherwise. Called from kura_repo_worker.

  



  
    
      
    
    
      start()



        
          
        

    

  


  

      

          -spec start() -> ok.


      


Create the sandbox ETS table. Call once before tests run.

  


        

      


  

    
kura_stream 
    



      
Server-side cursor streaming for processing large result sets in batches.
Q = kura_query:where(kura_query:from(my_user), {active, true}),
kura_stream:stream(my_repo, Q, fun(Batch) ->
    [process(Row) || Row <- Batch],
    ok
end, #{batch_size => 100}).

      


      
        Summary


  
    Functions
  


    
      
        stream(RepoMod, Query, Fun)

      


        Stream query results in batches of 500, calling Fun for each batch.



    


    
      
        stream(RepoMod, Query, Fun, Opts)

      


        Stream query results with options. Opts: #{batch_size => pos_integer()}.



    





      


      
        Functions


        


  
    
      
    
    
      stream(RepoMod, Query, Fun)



        
          
        

    

  


  

      

          -spec stream(module(),
             #kura_query{from :: atom() | module() | undefined,
                         select :: [atom() | term()] | {exprs, [term()]},
                         wheres :: [term()],
                         joins :: [term()],
                         order_bys :: [term()],
                         group_bys :: [atom()],
                         havings :: [term()],
                         limit :: non_neg_integer() | undefined,
                         offset :: non_neg_integer() | undefined,
                         distinct :: boolean() | [atom()],
                         lock :: binary() | undefined,
                         prefix :: binary() | undefined,
                         preloads :: [atom() | {atom(), list()}],
                         ctes :: [{binary(), #kura_query{}}],
                         combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                         include_deleted :: boolean()},
             fun(([map()]) -> ok)) ->
                ok | {error, term()}.


      


Stream query results in batches of 500, calling Fun for each batch.

  



  
    
      
    
    
      stream(RepoMod, Query, Fun, Opts)



        
          
        

    

  


  

      

          -spec stream(module(),
             #kura_query{from :: atom() | module() | undefined,
                         select :: [atom() | term()] | {exprs, [term()]},
                         wheres :: [term()],
                         joins :: [term()],
                         order_bys :: [term()],
                         group_bys :: [atom()],
                         havings :: [term()],
                         limit :: non_neg_integer() | undefined,
                         offset :: non_neg_integer() | undefined,
                         distinct :: boolean() | [atom()],
                         lock :: binary() | undefined,
                         prefix :: binary() | undefined,
                         preloads :: [atom() | {atom(), list()}],
                         ctes :: [{binary(), #kura_query{}}],
                         combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                         include_deleted :: boolean()},
             fun(([map()]) -> ok),
             map()) ->
                ok | {error, term()}.


      


Stream query results with options. Opts: #{batch_size => pos_integer()}.

  


        

      


  

    
kura_tenant 
    




      
        Summary


  
    Types
  


    
      
        strategy()

      


    





  
    Functions
  


    
      
        clear_tenant()

      


        Remove the current tenant strategy from the process dictionary.



    


    
      
        get_tenant()

      


        Get the current tenant strategy from the process dictionary.



    


    
      
        put_tenant(Tenant)

      


        Set the current tenant strategy in the process dictionary.



    


    
      
        with_tenant(Tenant, Fun)

      


        Execute a function with a temporary tenant, restoring the previous tenant after.



    





      


      
        Types


        


  
    
      
    
    
      strategy()



        
          
        

    

  


  

      

          -type strategy() :: {prefix, binary()} | {attribute, {atom(), term()}}.


      



  


        

      

      
        Functions


        


  
    
      
    
    
      clear_tenant()



        
          
        

    

  


  

      

          -spec clear_tenant() -> undefined | strategy().


      


Remove the current tenant strategy from the process dictionary.

  



  
    
      
    
    
      get_tenant()



        
          
        

    

  


  

      

          -spec get_tenant() -> undefined | strategy().


      


Get the current tenant strategy from the process dictionary.

  



  
    
      
    
    
      put_tenant(Tenant)



        
          
        

    

  


  

      

          -spec put_tenant(strategy()) -> undefined | strategy().


      


Set the current tenant strategy in the process dictionary.

  



  
    
      
    
    
      with_tenant(Tenant, Fun)



        
          
        

    

  


  

      

          -spec with_tenant(strategy(), fun(() -> T)) -> T when T :: term().


      


Execute a function with a temporary tenant, restoring the previous tenant after.

  


        

      


  

    
kura_types 
    



      
Type system for casting, dumping, and loading values between Erlang and PostgreSQL.
Supported types: id, integer, float, string, text, boolean,
date, utc_datetime, uuid, jsonb, {array, Type}.
	cast/2 - coerce external input to Erlang terms
	dump/2 - convert Erlang terms to pgo-compatible values
	load/2 - convert pgo results back to Erlang terms


      


      
        Summary


  
    Types
  


    
      
        kura_type()

      


    





  
    Functions
  


    
      
        cast/2

      


        Coerce external input to an Erlang term for the given type.



    


    
      
        dump/2

      


        Convert an Erlang term to a pgo-compatible value for storage.



    


    
      
        from_pg_type/2

      


        Map a PostgreSQL catalog type name (udt_name, e.g. ~"int4") to a kura
field type - the inverse of to_pg_type/1. Used by schema introspection
(rebar3 kura gen_schemas) to bootstrap schemas from an existing database.



    


    
      
        load/2

      


        Convert a pgo result value back to an Erlang term.



    


    
      
        to_pg_type/1

      


        Return the PostgreSQL DDL type string for a kura type.



    





      


      
        Types


        


  
    
      
    
    
      kura_type()



        
          
        

    

  


  

      

          -type kura_type() ::
          id | integer | bigint | smallint | float | decimal | string | text | binary | boolean | date |
          time | utc_datetime | naive_datetime | uuid | jsonb |
          {enum, [atom()]} |
          {array, kura_type()} |
          {encrypted, kura_type()} |
          vector |
          {vector, pos_integer()} |
          {embed, embeds_one | embeds_many, module()} |
          {custom, module()}.


      



  


        

      

      
        Functions


        


  
    
      
    
    
      cast/2



        
          
        

    

  


  

      

          -spec cast(kura_type(), term()) -> {ok, term()} | {error, binary()}.


      


Coerce external input to an Erlang term for the given type.

  



  
    
      
    
    
      dump/2



        
          
        

    

  


  

      

          -spec dump(kura_type(), term()) -> {ok, term()} | {error, binary()}.


      


Convert an Erlang term to a pgo-compatible value for storage.

  



  
    
      
    
    
      from_pg_type/2



        
          
        

    

  


  

      

          -spec from_pg_type(binary(), #{serial => boolean(), char_max_length => non_neg_integer()}) ->
                      kura_type() | {unsupported, binary()}.


      


Map a PostgreSQL catalog type name (udt_name, e.g. ~"int4") to a kura
field type - the inverse of to_pg_type/1. Used by schema introspection
(rebar3 kura gen_schemas) to bootstrap schemas from an existing database.
Opts supplies context the type name alone does not carry:
	char_max_length - distinguishes ~"varchar" at 255 (string) from
any other length (text).
	serial - an ~"int8" column with a nextval default is kura's id
(BIGSERIAL); a plain ~"int8" is bigint.

float4 (REAL) widens to float since kura models a single float type
(DOUBLE PRECISION). Returns {unsupported, TypeName} for a PG type kura
does not model (including native CREATE TYPE ... AS ENUM types), so the
caller can skip the field and warn rather than guessing.

  



  
    
      
    
    
      load/2



        
          
        

    

  


  

      

          -spec load(kura_type(), term()) -> {ok, term()} | {error, binary()}.


      


Convert a pgo result value back to an Erlang term.

  



  
    
      
    
    
      to_pg_type/1



        
          
        

    

  


  

      

          -spec to_pg_type(kura_type()) -> binary().


      


Return the PostgreSQL DDL type string for a kura type.

  


        

      


  

    
kura_query_compiler 
    



      
Public entry point for compiling kura_query ASTs into SQL.
Resolves the dialect per repo: the configured dialect module lives in
the repo's config map (set automatically when the repo declares a
{backend, ...}). Different repos in the same app may use different
dialects.
This module is internal. Use kura_repo_worker for executing queries.

      


      
        Summary


  
    Functions
  


    
      
        delete(RepoMod, SchemaOrTable, KeyClauses)

      


    


    
      
        delete_all(RepoMod, Query)

      


    


    
      
        dialect(RepoMod)

      


        Return the dialect module configured for RepoMod.



    


    
      
        insert(RepoMod, SchemaOrTable, Fields, Data)

      


    


    
      
        insert(RepoMod, SchemaOrTable, Fields, Data, Opts)

      


    


    
      
        insert_all(RepoMod, SchemaOrTable, Fields, Rows)

      


    


    
      
        insert_all(RepoMod, SchemaOrTable, Fields, Rows, Opts)

      


    


    
      
        to_sql(RepoMod, Query)

      


        Compile a query record into {SQL, Params} for RepoMod's dialect.



    


    
      
        to_sql_cached(RepoMod, Query)

      


        Cached to_sql/2. The cache key includes RepoMod so two repos with
different dialects don't share an entry.



    


    
      
        to_sql_from(RepoMod, Query, StartCounter)

      


    


    
      
        update(RepoMod, SchemaOrTable, Fields, Changes, KeyClauses)

      


    


    
      
        update_all(RepoMod, Query, SetMap)

      


    





      


      
        Functions


        


  
    
      
    
    
      delete(RepoMod, SchemaOrTable, KeyClauses)



        
          
        

    

  


  

      

          -spec delete(module(), atom() | module(), [{atom(), term()}]) -> {iodata(), [term()]}.


      



  



  
    
      
    
    
      delete_all(RepoMod, Query)



        
          
        

    

  


  

      

          -spec delete_all(module(),
                 #kura_query{from :: atom() | module() | undefined,
                             select :: [atom() | term()] | {exprs, [term()]},
                             wheres :: [term()],
                             joins :: [term()],
                             order_bys :: [term()],
                             group_bys :: [atom()],
                             havings :: [term()],
                             limit :: non_neg_integer() | undefined,
                             offset :: non_neg_integer() | undefined,
                             distinct :: boolean() | [atom()],
                             lock :: binary() | undefined,
                             prefix :: binary() | undefined,
                             preloads :: [atom() | {atom(), list()}],
                             ctes :: [{binary(), #kura_query{}}],
                             combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                             include_deleted :: boolean()}) ->
                    {iodata(), [term()]}.


      



  



  
    
      
    
    
      dialect(RepoMod)



        
          
        

    

  


  

      

          -spec dialect(module()) -> module().


      


Return the dialect module configured for RepoMod.
Resolution order:
	dialect key in the repo's config map (multi-repo or v2.4 flat env).
	Global application:get_env(kura, dialect) for legacy single-dialect setups.


  



  
    
      
    
    
      insert(RepoMod, SchemaOrTable, Fields, Data)



        
          
        

    

  


  

      

          -spec insert(module(), atom() | module(), [atom()], map()) -> {iodata(), [term()]}.


      



  



  
    
      
    
    
      insert(RepoMod, SchemaOrTable, Fields, Data, Opts)



        
          
        

    

  


  

      

          -spec insert(module(), atom() | module(), [atom()], map(), map()) -> {iodata(), [term()]}.


      



  



  
    
      
    
    
      insert_all(RepoMod, SchemaOrTable, Fields, Rows)



        
          
        

    

  


  

      

          -spec insert_all(module(), atom() | module(), [atom()], [map()]) -> {iodata(), [term()]}.


      



  



  
    
      
    
    
      insert_all(RepoMod, SchemaOrTable, Fields, Rows, Opts)



        
          
        

    

  


  

      

          -spec insert_all(module(), atom() | module(), [atom()], [map()], map()) -> {iodata(), [term()]}.


      



  



  
    
      
    
    
      to_sql(RepoMod, Query)



        
          
        

    

  


  

      

          -spec to_sql(module(),
             #kura_query{from :: atom() | module() | undefined,
                         select :: [atom() | term()] | {exprs, [term()]},
                         wheres :: [term()],
                         joins :: [term()],
                         order_bys :: [term()],
                         group_bys :: [atom()],
                         havings :: [term()],
                         limit :: non_neg_integer() | undefined,
                         offset :: non_neg_integer() | undefined,
                         distinct :: boolean() | [atom()],
                         lock :: binary() | undefined,
                         prefix :: binary() | undefined,
                         preloads :: [atom() | {atom(), list()}],
                         ctes :: [{binary(), #kura_query{}}],
                         combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                         include_deleted :: boolean()}) ->
                {iodata(), [term()]}.


      


Compile a query record into {SQL, Params} for RepoMod's dialect.

  



  
    
      
    
    
      to_sql_cached(RepoMod, Query)



        
          
        

    

  


  

      

          -spec to_sql_cached(module(),
                    #kura_query{from :: atom() | module() | undefined,
                                select :: [atom() | term()] | {exprs, [term()]},
                                wheres :: [term()],
                                joins :: [term()],
                                order_bys :: [term()],
                                group_bys :: [atom()],
                                havings :: [term()],
                                limit :: non_neg_integer() | undefined,
                                offset :: non_neg_integer() | undefined,
                                distinct :: boolean() | [atom()],
                                lock :: binary() | undefined,
                                prefix :: binary() | undefined,
                                preloads :: [atom() | {atom(), list()}],
                                ctes :: [{binary(), #kura_query{}}],
                                combinations ::
                                    [{union | union_all | intersect | except, #kura_query{}}],
                                include_deleted :: boolean()}) ->
                       {iodata(), [term()]}.


      


Cached to_sql/2. The cache key includes RepoMod so two repos with
different dialects don't share an entry.
The key holds the whole query term, never a hash of it. erlang:phash2/1
returns only 27 bits, so a long-lived cache accumulates collisions, and a
collision here does not degrade a lookup - it returns another query's SQL
and its bound parameters, so the caller silently reads rows from a
different table.
The key also carries the ambient tenant. kura_repo_worker normalises the
tenant into the top-level query record before compiling, but a nested CTE
or combination query keeps prefix = undefined and resolves it from
kura_tenant at emit time, so the compiled SQL is a function of ambient
state the query term does not describe. Without the tenant in the key, one
tenant's cached entry is served to the next - a cross-tenant read.
The dialect is deliberately not in the key: it is resolved from boot-time
repo config. Swapping a repo's dialect at runtime requires an explicit
kura_query_cache:flush/0.

  



  
    
      
    
    
      to_sql_from(RepoMod, Query, StartCounter)



        
          
        

    

  


  

      

          -spec to_sql_from(module(),
                  #kura_query{from :: atom() | module() | undefined,
                              select :: [atom() | term()] | {exprs, [term()]},
                              wheres :: [term()],
                              joins :: [term()],
                              order_bys :: [term()],
                              group_bys :: [atom()],
                              havings :: [term()],
                              limit :: non_neg_integer() | undefined,
                              offset :: non_neg_integer() | undefined,
                              distinct :: boolean() | [atom()],
                              lock :: binary() | undefined,
                              prefix :: binary() | undefined,
                              preloads :: [atom() | {atom(), list()}],
                              ctes :: [{binary(), #kura_query{}}],
                              combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                              include_deleted :: boolean()},
                  pos_integer()) ->
                     {iodata(), [term()], pos_integer()}.


      



  



  
    
      
    
    
      update(RepoMod, SchemaOrTable, Fields, Changes, KeyClauses)



        
          
        

    

  


  

      

          -spec update(module(), atom() | module(), [atom()], map(), [{atom(), term()}]) -> {iodata(), [term()]}.


      



  



  
    
      
    
    
      update_all(RepoMod, Query, SetMap)



        
          
        

    

  


  

      

          -spec update_all(module(),
                 #kura_query{from :: atom() | module() | undefined,
                             select :: [atom() | term()] | {exprs, [term()]},
                             wheres :: [term()],
                             joins :: [term()],
                             order_bys :: [term()],
                             group_bys :: [atom()],
                             havings :: [term()],
                             limit :: non_neg_integer() | undefined,
                             offset :: non_neg_integer() | undefined,
                             distinct :: boolean() | [atom()],
                             lock :: binary() | undefined,
                             prefix :: binary() | undefined,
                             preloads :: [atom() | {atom(), list()}],
                             ctes :: [{binary(), #kura_query{}}],
                             combinations :: [{union | union_all | intersect | except, #kura_query{}}],
                             include_deleted :: boolean()},
                 map()) ->
                    {iodata(), [term()]}.


      



  


        

      


  OEBPS/dist/epub-4WIP524F.js
(()=>{var s=document.querySelector.bind(document),o=document.querySelectorAll.bind(document);function r(e){document.readyState!=="loading"?e():document.addEventListener("DOMContentLoaded",e)}var l="hll";window.addEventListener("exdoc:loaded",t);function t(){o("[data-group-id]").forEach(e=>{e.addEventListener("mouseenter",i),e.addEventListener("mouseleave",i)})}function i(e){let n=e.currentTarget,a=e.type==="mouseenter",c=n.getAttribute("data-group-id");n.parentElement.querySelectorAll(`[data-group-id="${c}"]`).forEach(u=>{u.classList.toggle(l,a)})}r(()=>{t()});})();




OEBPS/assets/logo.png





