

    

        vicander

        v0.1.1



    


  

    Table of contents

    
      



      	Vicander


      	Changelog





        	
          Modules
          


      	DDD


      	DDD.Dialect


      	DDD.Dialect.Postgres


      	DDD.Health.Query


      	DDD.Test


      	DDD.Type.Json





    	Model
      


      	DDD.Aggregate


      	DDD.BoundedContext


      	DDD.DomainService


      	DDD.Entity


      	DDD.Error


      	DDD.Identity


      	DDD.Money


      	DDD.Specification


      	DDD.Type


      	DDD.ValueObject



      

    




    	Use cases
      


      	DDD.Command


      	DDD.Filter


      	DDD.Listing


      	DDD.Page


      	DDD.Params


      	DDD.Query


      	DDD.Slice



      

    




    	Events
      


      	DDD.DomainEvent


      	DDD.EventBus


      	DDD.EventHandler


      	DDD.Outbox.DeadLetterHandler


      	DDD.Outbox.DeadLetterPolicy


      	DDD.Outbox.DeadLetterPolicy.Default


      	DDD.Outbox.DeadLetters


      	DDD.Outbox.Delivery


      	DDD.Outbox.Event


      	DDD.Outbox.Poller


      	DDD.Outbox.Pruner


      	DDD.Outbox.Retention


      	DDD.Supervisor



      

    




    	Persistence
      


      	DDD.InMemoryRepository


      	DDD.Migration


      	DDD.Projection


      	DDD.Repository


      	DDD.Repository.Ecto


      	DDD.Serializer



      

    




    	MCP
      


      	DDD.MCP


      	DDD.MCP.Args


      	DDD.MCP.Json


      	DDD.MCP.Registry


      	DDD.MCP.Schema


      	DDD.MCP.Server


      	DDD.MCP.Stdio



      

    




    	Operations
      


      	DDD.Config


      	DDD.Health


      	DDD.Telemetry



      

    




        



        	
          Mix Tasks
          


      	mix vic.gen.migration


      	mix vic.gen.outbox_migration


      	mix vic.health


      	mix vic.mcp


      	mix vic.outbox.dead_letters


      	mix vic.outbox.discard


      	mix vic.outbox.prune


      	mix vic.outbox.replay


      	mix vic.projection.rebuild





        


      

    

  

    Vicander

A Domain-Driven Design framework for Elixir, built on behaviours and macros: entities,
aggregates and value objects that can never exist in an invalid state, specifications,
commands and queries, a transactional event outbox, projections, and an MCP server so an AI
client can use the application. Its modules are DDD.*. The example application that uses it is
todo_app (a sibling project, ../todo_app).
Field rules and specification invariants run on new, update and every business operation.
Installation
# mix.exs
def deps do
  [
    {:vicander, "~> 0.1"},
    # the database driver is yours to choose; PostgreSQL is the one the framework supports
    {:postgrex, ">= 0.0.0"}
  ]
end
# .formatter.exs: the DSL (`field :name, :string`) is written without parentheses
[import_deps: [:ecto, :ecto_sql, :vicander], inputs: ["{mix,.formatter}.exs", "{config,lib,test}/**/*.{ex,exs}"]]
Database
The framework depends on ecto_sql but not on a driver: your application adds the one it needs
(postgrex, ...), and DDD.Dialect follows from the repo's adapter. Almost everything is an
Ecto query, so it runs on whatever the repo runs on; the few things that differ between databases
are behind the DDD.Dialect behaviour:
	Ecto adapter	Dialect	Status
	Ecto.Adapters.Postgres	DDD.Dialect.Postgres	supported (14 and later)

For another adapter, implement DDD.Dialect (lock_for_claim/1, now/1, read_only/2,
columns/2) and set config :vicander, dialect: MyApp.Dialect. A repo with no dialect raises an
ArgumentError naming its adapter.
What is not portable yet:
	lists of plain values ({:array, :string}) are native Postgres arrays, and the :ilike filter
is Postgres's ILIKE;
	the generated outbox migration has partial indexes (where:), which MySQL does not have.

Leases and retry times are compared with the database's clock (DDD.Dialect.now/1), so nodes
whose clocks differ still agree on when a lease is over. Nested entities, value objects and lists
of them are one jsonb column each.
Setup
	Tell it your repo. Commands, queries, handlers, projections and the mix vic.* tasks use
the repo you configure, unless one names another with repo::
# config/config.exs
config :vicander, repo: MyApp.Repo

	Create the outbox tables, once, and one migration per aggregate:
mix vic.gen.outbox_migration
mix vic.gen.migration MyApp.Domain.Order
mix ecto.migrate


	Start the framework in your supervision tree, after the repo. It starts the event bus,
subscribes the handlers and projections you list, and runs the outbox poller and the
dead-letter handler (poller: false for a node that should not deliver events, and in tests):
children = [
  MyApp.Repo,
  {DDD.Supervisor, handlers: [MyApp.Handlers.SendWelcome, MyApp.Projections.OrderSummary]}
]


The framework starts nothing by itself, and reads nothing from your application's own
configuration. See DDD.Config and DDD.Supervisor.
Developing the framework
mix deps.get
mix test          # creates and migrates the test database; needs Postgres on localhost
mix credo --strict   # style and complexity (config in .credo.exs); dev only
mix dialyzer         # types; the first run builds a cache in priv/plts (a few minutes)

Postgres defaults for the tests live in config/test.exs (postgres/postgres on
localhost). The tests use DDD.TestRepo and the fixtures in test/support; the outbox tables
come from test/support/repo/migrations. Test output is quiet by default (warnings and errors
only). LOG=1 mix test shows the whole flow, and LOG=1 mix test path/to/file_test.exs:LINE
follows a single test:
[command] MyApp.Commands.CompleteItem started %{item_id: ..., list_id: ...}
[op] MyApp.Domain.TodoItem.complete ok
[op] MyApp.Domain.TodoList.complete_item ok
[repo] saved MyApp.Domain.TodoList <id> (1 event(s) written to the outbox)
[command] MyApp.Commands.CompleteItem ok in 7.8ms
[outbox] published MyApp.Events.ItemCompleted (MyApp.Domain.TodoList <id>)
[event_bus] MyApp.Events.ItemCompleted -> 1 handler(s): MyApp.Handlers.AchievementTracker
[op] and [event_bus] lines are debug, the rest info. Failed commands log the error codes
([command] ... failed in 3.1ms: title_blank (MyApp.Domain.TodoItem.new) ...). SQL queries are
not shown unless you also set SQL=1 (LOG=1 SQL=1 mix test ...). Tests that assert on a log
line use capture_log, so those stay captured.
Project standards
	No compile warnings (warnings_as_errors is on).

	At least 90% test coverage (mix test --cover fails below the threshold).

	One module per file. In lib/ddd the file is named after its module and sits in a folder for
its concern; the module names stay short (DDD.Entity), so the folders do not appear in them
(test/ddd/layout_test.exs checks this):
lib/ddd/
  model/         entity, aggregate, value_object, schema, identity, type, money,
                 specification, error, bounded_context, domain_service
  use_cases/     command, query, params, filter, listing, page, slice
  events/        domain_event, event_bus, event_handler, outbox/ (poller, dead letters)
  persistence/   repository, in_memory_repository, repository/ecto, migration, projection,
                 serializer
  mcp.ex, mcp/   the MCP server: protocol core, registry, schema, args, json, stdio
  operations/    health, telemetry


Concepts
Entity, aggregate, value object
defmodule MyApp.Title do
  use DDD.ValueObject

  value_object do
    field :value, :string, required: true

    invariant MyApp.Specs.TitleWithinLimit, on: :value, max: 100
  end
end

defmodule MyApp.TodoItem do
  use DDD.Entity

  entity do
    identity :id, :uuid
    field :title, {:one, MyApp.Title}, required: true
    field :status, {:enum, [:open, :done]}, default: :open

    invariant MyApp.Specs.TitleNotBlank
  end

  defop complete(item), requires: MyApp.Specs.ItemNotCompleted do
    %{item | status: :done}
  end
end

{:ok, item} = MyApp.TodoItem.new(title: title)
{:ok, item} = MyApp.TodoItem.complete(item)
{:error, %DDD.Error{code: :precondition_failed} = error} = MyApp.TodoItem.complete(item)
DDD.Error.has_code?(error, :already_completed)   # => true
	field name, type, default: ..., required: true. Presence is required: true; every other
rule is a specification attached with invariant. The example app has no validate at all.
(validate field, fun, message: ... still exists as a shortcut for a throwaway one-liner,
but it has no name, code or reuse, and it is skipped for nil.)
	new/1, update/2 (attrs or a function of the current entity) and validate/1 run all rules,
and report every broken rule at once, each with its own code. Specs run after the required
fields are present, so they only ever see a well-formed entity.
	DDD.Aggregate adds emit_event/2 and pop_events/1. Nested entities are declared as
{:list, Entity} or {:one, Entity} and live inside the aggregate.
	DDD.ValueObject has new/1 and equals?/2 and no update.
	Entities and aggregates get created_at and updated_at (:datetime_usec) automatically.
new/1 sets both, update/2 and every defop bump updated_at, validate/1 does not,
and update/2 ignores attempts to set them. Value objects are immutable and have none.

Identity
Every entity and aggregate has an identity, made of one or more fields, one identity each:
identity :id, :uuid                 # the usual case

identity :tenant_id, :uuid          # or several: the same SKU in every tenant
identity :sku, :string
	Order.identity(order) returns it as a string: the value itself for one field, the values
joined with : for several ("6f1f...:A-100"). A : or \ inside a part is escaped with a
\, so two different entities can never share a string. DDD.Identity.decode/1 splits it back.
	Order.build_identity(tenant_id: t, sku: "A-100") makes the same string without an entity, and
Order.identity_fields() lists the part names.
	Every part is required, and none can change: update/2 ignores them and a defop that changes
one returns :identity_changed. A part of a composite identity must be a string, uuid, integer,
atom, date or enum field.
	Ids. Only a lone identity :id, :uuid is generated by new/1, as a UUIDv7 (time-ordered, so
indexes stay compact), and only when you leave it out. Every other identity is passed in.
DDD.Identity makes ids by hand: generate/0 (v7), uuid7/0, uuid4/0, uuid1/0,
uuid3/2, uuid5/2.
	Storage. One field is the table's primary key in its own type (uuid). A composite
identity is stored whole in a varchar primary key column named identity, next to normal
not-null columns for each part. find_by_id/1, the outbox aggregate_id of an event, and a
{:ref, Aggregate} to a composite aggregate all use the identity string.
	Changing an existing aggregate's identity is destructive: mix vic.gen.migration refuses
without --allow-destructive, and then writes a migration with a TODO to backfill the new key
for existing rows. It never drops the old key.

Field types
Every field has a type, and a value of the wrong type is a violation with the code
:invalid_type (nil is accepted; use required: true to forbid it). A misspelled type fails at
compile time.
	type	value	column
	:string, :text	binary	varchar, text
	:integer, :float, :boolean	number, boolean	bigint, float, boolean
	:decimal	Decimal	numeric
	:atom	atom	varchar
	:uuid	UUID string	uuid
	:date, :time, :naive_datetime, :datetime, :datetime_usec	Date, Time, NaiveDateTime, DateTime	date, time(6), timestamp(6), timestamp(0), timestamp(6)
	:binary	binary	bytea
	:map, :json	map, or map or list	jsonb
	{:enum, [:open, :done]}	one of the atoms	varchar
	{:array, type}	list of type	Postgres array, e.g. varchar[]
	{:map, type}	map with string keys, values of type	jsonb
	{:ref, Aggregate}	the id of another aggregate	the type of its identity
	{:one, Module}, {:list, Module}	nested entities or value objects (a list is one JSON array)	jsonb
	:money	DDD.Money ({:one, DDD.Money})	jsonb

field :status, {:enum, [:open, :done]}, default: :open
field :tags, {:array, :string}, default: []
field :price, :money
field :ship_to, {:one, Address}
field :customer_id, {:ref, Customer}
DDD.Money is a value object with a Decimal amount and a 3-letter currency. Money.add/2,
subtract/2 and compare/2 return a business error (:currency_mismatch) for two currencies;
there is no silent conversion. A reference is a plain id, so aggregates stay separate; it is
checked against the identity type of the other aggregate. Arrays of arrays are not supported.
DDD.Type is the one place that knows what a type means: checking, Postgres, and JSON.
Domain events
defmodule MyApp.Events.ItemAdded do
  use DDD.DomainEvent

  domain_event do
    field :item_id, :string
    field :title, :string
  end
end
Every event has event_id, occurred_at, created_at and a link to the aggregate it came
from: aggregate_type (the module name as a string) and aggregate_id. emit_event/2 fills
the link in, so events never carry the aggregate's id by hand. The outbox stores the same
link in its aggregate_type / aggregate_id columns, and the poller restores it.
Specifications
A specification is a named, reusable, composable business rule. It is a pure function of the entity.
defmodule MyApp.Specs.MaxOpenItems do
  use DDD.Specification, field: :items

  def check(%{items: items}, opts) do
    max = Keyword.fetch!(opts, :max)

    if Enum.count(items, &(&1.status == :open)) <= max,
      do: :ok,
      else: {:error, :too_many_open_items, "at most #{max} open items", %{max: max}}
  end
end

# attach it to an entity or aggregate:
invariant MyApp.Specs.MaxOpenItems, max: 10

# use it on its own, or compose it:
MyApp.Specs.MaxOpenItems.satisfied_by?(list, max: 10)
DDD.Specification.evaluate(DDD.Specification.all_of([A, {B, max: 3}]), entity)
Value specs check one field and are bound to it when attached, so the link is explicit and
one spec serves any field:
defmodule MyApp.Specs.ValidEmail do
  use DDD.Specification, scope: :value

  def check(email, _opts) when is_binary(email) do
    if String.contains?(email, "@"), do: :ok, else: {:error, :invalid_email, "must be an email"}
  end
end

invariant MyApp.Specs.ValidEmail, on: :email
invariant MyApp.Specs.ValidEmail, on: :billing_email
check/2 receives the value (never nil: absence is required: true's job) and a failure is
reported under the on: field. Forgetting on: or naming a field the entity doesn't have is a
compile error, so a rename can't leave a spec silently checking nothing. A spec that needs
several fields (use DDD.Specification, field: :items, check(entity, opts)) is an entity spec
and takes no on:.
all_of/1, any_of/1 and not_spec/1 build composite specs. Specs run only after field rules
pass, so they can assume required fields are present. Rules that need the database (for
example "the owner exists") belong in the command handler.
Business operations: defop
defop marks a function as a business operation. The body returns the new struct, or
{:error, reason}. The framework then validates and seals the result.
State the business rules explicitly, as named preconditions, not by pattern-matching the
entity in the function head:
defop complete(item), requires: MyApp.Specs.ItemNotCompleted do
  %{item | status: :done}
end

defop rename(item, %MyApp.Title{} = title), requires: MyApp.Specs.ItemEditable do
  %{item | title: title}
end

# Several rules, some with options; all of them are checked and all failures reported:
defop ship(order), requires: [MyApp.Specs.OrderIsPaid, {MyApp.Specs.InStock, warehouse: :main}] do
  %{order | status: :shipped}
end
requires: takes specifications (see above), checked against the entity (the first argument)
before the body runs. A broken rule returns a business error with code: :precondition_failed,
the rule's own message, and one violation per broken rule carrying its code:
DDD.Error.has_code?(error, :already_completed). Every broken rule is reported at once.
Invariants are the mirror image: they check the state after an operation.
The operation's other arguments reach each spec as opts[:args], so a rule can depend on
them. That is how the example's TodoList.complete_item(list, item_id) states its prerequisites
where a reader looks:
defop complete_item(list, item_id),
  requires: [Specs.ItemExists, {Specs.ItemSatisfies, spec: Specs.ItemNotCompleted}] do
  ...
end

# ItemExists reads the id from opts[:args]:
def check(%{items: items}, opts) do
  [item_id | _] = Keyword.fetch!(opts, :args)
  if Enum.any?(items, &(&1.id == item_id)), do: :ok, else: {:error, :item_not_found, "..."}
end
ItemSatisfies lifts a rule about one item (written once, on the item) to the list that holds
it. Specs are evaluated against the first argument only, so a rule about an item can't be
attached to the list directly: the list has no status, and the spec would pass every call.
Patterns in the head are for the shape of the arguments (%Date{}, %Title{}), not for
business rules.
	Arguments that match no clause: {:error, %DDD.Error{code: :invalid_operation}}.
	Events emitted with emit_event/2 are dropped when the operation is rejected or the result
is invalid.
	An operation with several clauses is guarded by the preconditions of all of them.

Errors
Every failure is {:error, %DDD.Error{}} with kind, entity, entity_id, operation, code,
message, details, violations and context. entity is the kind of entity (the module) and
entity_id the identity of the instance it happened to (Entity.identity/1, so
"tenant:sku" for a composite identity), or nil when there is none: a new call missing its
identity, or an error that isn't about an instance. Validation, preconditions, unsealed structs,
identity changes, a lost update and a failed save all carry it. An MCP client sees entity (the
short name) and entity_id in a business error. The kind is :business (the domain said no;
retrying gives the same answer) or :infrastructure (the system failed; retrying may succeed).
Running a command adds command to context. DDD.Error.has_code?/2 and
DDD.Error.to_map/1 (a %{field => [messages]} map) help callers.
Sealing
Every struct has a required __sealed__ key, so %Todo{...} literals do not compile by
accident. The seal is a fingerprint of the data, set only after validation. Repositories and
defop reject structs whose seal does not match (code: :unsealed). defop checks every framework
struct among its arguments, not just the entity, so add_item(list, item) refuses a forged item.
An aggregate's pending events are sealed too. emit_event/2 and pop_events/1 are the only
ways to change them and they keep the seal, so replacing the list by hand makes the aggregate
unsealed and defop, update/2 and save/1 refuse it. validate/1 also refuses an unsealed
aggregate that carries events, rather than sealing events it cannot vouch for.
Repositories
defmodule MyApp.TodoListRepository do          # domain layer: the port
  use DDD.Repository
  repo MyApp.TodoList do
    find_by :owner_id
  end
end

defmodule MyApp.Infrastructure.TodoListRepository do   # infrastructure: generated adapter
  use DDD.Repository.Ecto, port: MyApp.TodoListRepository, repo: MyApp.Repo, table: "todo_lists"
end
The whole aggregate is one row. Nested entities are stored as jsonb and rebuilt into sealed
structs on load; keys missing from old rows take the field default. save/1 writes the
aggregate and its domain events (the outbox) in one transaction.
DDD.InMemoryRepository is available for tests.
Optimistic locking
Every aggregate has a version, which starts at 0 and is advanced by the repository on every
save, never by the domain (new/1 and update/2 ignore it; a version field you declare
yourself is left alone). save/1 writes UPDATE ... WHERE id = ? AND version = ?, so two
requests that loaded the same aggregate cannot both win: the second one gets
{:error, %DDD.Error{kind: :infrastructure, code: :stale_aggregate,
                    details: %{id: ..., expected_version: 3, actual_version: 4}}}
and nothing is written, events included. It is an infrastructure error: nothing about the
request is wrong, and running the command again on fresh data may well succeed. The outbox
retries a handler that fails this way by itself; for a command say how often to re-run it:
use DDD.Command, retry_on_conflict: 3      # re-runs execute/1, up to 3 more times
A save is also a conflict when the row was deleted since you loaded it, or when a new
aggregate (version 0) uses an id that already exists. A command called inside an open
transaction is not retried: that transaction is already doomed. mix vic.gen.migration adds the
column (null: false, default: 0, so existing rows start at 0). Each conflict is a
[:ddd, :repository, :conflict] telemetry event.
Listing: filters, pages and cursors
An Ecto adapter (and a projection) also has list/1, count/1, page/1 and slice/1:
TodoListRepository.list(filter: [owner_id: id, status: {:in, [:open, :late]}], order: :title)

{:ok, %DDD.Page{entries: lists, page: 2, total_entries: 57, total_pages: 3}} =
  TodoListRepository.page(filter: [owner_id: id], order: [desc: :created_at], page: 2, page_size: 20)

# keyset pagination: no OFFSET, no totals, stable while rows come and go
{:ok, %DDD.Slice{entries: lists, next_cursor: cursor}} = Repo.slice(order: :title, limit: 20)
{:ok, next} = Repo.slice(order: :title, limit: 20, after: cursor)
The filter language (DDD.Filter) has equality, :gt :gte :lt :lte :neq :in :not_in :like :ilike, nil for NULL, and {:and, _}, {:or, _}, {:not, _}. Values are bound parameters.
The identity is always the last sort key, so every order is total and pages never overlap. A bad
field, operator, order, page number or cursor is a business error (:invalid_filter,
:invalid_order, :invalid_page, :invalid_cursor), because these usually arrive straight from
a request.
Specifications can search. A spec is a pure function of an entity, so the database can't run
it; a spec that also defines to_filter/1 (the same rule, written as a filter) can be given to
the repository, alone or composed with all_of, any_of and not_spec:
def to_filter(_opts), do: [status: :open, due: {:lt, Date.utc_today()}]

TodoListRepository.list(spec: DDD.Specification.all_of([Overdue, {OwnedBy, owner: id}]))
A spec without to_filter/1 raises an ArgumentError there: it can only be checked in memory.
Keep the two in step; a test that runs both over the same rows is cheap.
Commands
A command is the input of one use case and carries its own handler, execute/1. The handler
loads aggregates through repositories, calls domain operations and saves. It holds no business
rules.
defmodule MyApp.Commands.AddItem do
  use DDD.Command

  command do
    field :list_id, :string, required: true
    field :title, :string, required: true
  end

  @impl DDD.Command
  def execute(%__MODULE__{list_id: list_id, title: title}) do
    with {:ok, list} <- load_list(list_id),
         {:ok, item} <- MyApp.TodoItem.new(title: title),
         {:ok, list} <- MyApp.TodoList.add_item(list, item) do
      MyApp.Infrastructure.TodoListRepository.save(list)
    end
  end
end

MyApp.Commands.AddItem.call(%{list_id: id, title: "Buy milk"})   # builds, validates, executes
	new/1 builds and validates the command (required: true fields).
	call/1 takes a struct or plain attrs. Every error comes back as a DDD.Error with
context: %{command: MyApp.Commands.AddItem}. call!/1 raises instead.

Transactions. execute/1 runs in its own database transaction by default. {:ok, _}
commits; {:error, _} rolls back everything the handler did, including every aggregate it
saved and their outbox events; an exception rolls back and propagates. Repository
transactions inside the handler join it, so a command that saves two aggregates is atomic.
Validation in new/1 runs before the transaction starts.
use DDD.Command                        # default: transaction on the configured repo
use DDD.Command, repo: MyApp.Repo      # another repo
use DDD.Command, transaction: false    # no transaction (e.g. in-memory repositories)
Queries
A DDD.Query is the read counterpart of a command: fields, new/1, call/1, execute/1, but it
never saves an aggregate or emits an event. Its execute/1 runs in a read-only Postgres
transaction, so "this cannot change data" is enforced by the database, and it sees one
consistent snapshot. use DDD.Query, transaction: false opts out; a query called inside an open
transaction joins it.
defmodule MyApp.Queries.OpenItems do
  use DDD.Query

  query do
    description "The items of a list that are not done yet"
    field :list_id, :uuid, required: true, description: "The list to read"
  end

  @impl DDD.Query
  def execute(%__MODULE__{list_id: id}), do: ...    # {:ok, data} | {:error, reason}
end
Command and query fields are DDD.Types, checked on new/1 (:invalid_type). Every module
that can be described takes description "...": commands, queries, entities, aggregates and
value objects; field ..., description: "..." describes a field and
defop name(...), description: "..." an operation. Descriptions are plain metadata
(__description__/0, __ddd_description__/0); the MCP server reads them.
MCP server
The framework can serve the application over the Model Context Protocol,
so an AI client such as Claude can call its commands and queries and read its aggregates. The
protocol core is DDD.MCP (JSON-RPC 2.0, no extra dependency); the first transport is stdio.
defmodule MyApp.Interface.MCP do
  use DDD.MCP.Server,
    instructions: "Manage todo lists.",
    commands: [MyApp.Commands.CreateList, {MyApp.Commands.RenameItem, name: "rename_todo"}],
    queries: [MyApp.Queries.OpenItems],
    repos: [MyApp.TodoList.Repository],
    read_only: false,
    authorize: &MyApp.MCPPolicy.authorize/2
end
mix compile && mix vic.mcp MyApp.Interface.MCP            # serve on stdin/stdout
mix vic.mcp MyApp.Interface.MCP --read-only               # queries and resources only
claude mcp add todo -- mix vic.mcp MyApp.Interface.MCP
	Nothing is exposed unless it is listed, and the commands and entities carry no MCP code.
What you list is the level of access: only queries: and repos: is a read-only server.
	Tools. Each command or query is a tool named after the module (AddItem is add_item,
overridable per entry; two with one name stop the server at startup). Its input schema is built
from the fields: the DDD.Type (enums become enum, :uuid a UUID string, nested value
objects objects), required, default and the descriptions. Queries carry readOnlyHint: true.
A module with no description cannot be exposed. Arguments are converted from JSON through
DDD.Type; nested entities and value objects are built with their own new/1, so their rules
run, and atoms are never created from input.
	Resources. An exposed aggregate (list its repository port, which must define impl/0) is
read-only: todo_list://<identity> reads one and todo_list://by/owner_id/<value> runs a
find_by the port declares, at most 100 results (truncated says when it was cut).
resources/list is empty on purpose: nothing hands a client a whole table. Every field of the
aggregate is shown; to keep data back, don't expose the aggregate and return a curated map from
a query.
	Errors. A business error (validation, not found, a precondition) is returned with its code,
message and violations so the client can correct itself. An infrastructure error is a generic
"the operation failed" and its details only go to the log. A malformed call gets a JSON-RPC
error saying what was wrong.
	Access. read_only: true (or --read-only) refuses every command. authorize: is called
with (tool_name, arguments) before each tool call, and with ("resource:<name>", %{"uri" => uri})
before each resource read; return :ok or {:error, reason}.
	Stdio hygiene. Standard output carries only protocol messages. The task moves the logger to
standard error and turns the SQL log and the outbox poller off. Run mix compile first, because
Mix prints its compile output on standard output when sources changed.

Migrations
mix vic.gen.outbox_migration                 # the domain_events outbox table
mix vic.gen.migration MyApp.TodoList         # first run: create table
mix vic.gen.migration MyApp.TodoList         # later runs: only the difference

The generator keeps a snapshot of each aggregate in priv/ddd_snapshots/ and writes the
difference as a new migration. It never overwrites earlier migrations.
	Removing a column or changing its type loses data, so it is refused unless you pass
--allow-destructive. Destructive operations are marked in the generated file.
	Renames must be explicit, otherwise they are a remove plus an add:
--rename old:new, or field :name, :string, renamed_from: :old_name. (The example app moved
from inserted_at to created_at this way, with no data loss.)
	Edits inside a nested entity do not change columns. Old rows keep the old shape, and
defaults fill the missing keys on load. Reshaping existing data needs a hand-written migration.
	Nested lists are stored as one jsonb array.

Check for drift between aggregates and the real tables in a test:
DDD.Migration.drift(MyApp.TodoList, "todo_lists", MyApp.Repo).
Outbox
Events are written to the domain_events table in the same transaction as the aggregate (and
inside the command's transaction), so a state change and its events commit together or not at
all. DDD.Outbox.Poller then delivers them to their handlers:
	Claim a batch of due events with a lease and FOR UPDATE SKIP LOCKED, so several
pollers or nodes never take the same event.
	Deliver to every subscribed handler, synchronously.
	Mark published only when every handler succeeded or rejected. A system failure is
retried after an exponential backoff (1s, 2s, 4s ... capped at 5 minutes). After
max_retries retries (default 10, so 11 attempts) the event is dead-lettered: failed_at
is set, last_error says why, and it is no longer claimed.

The attempt is counted when the event is claimed, so even an attempt that kills the whole VM
uses one up. If the server stops mid-delivery, the lease expires and the event is delivered
again; handlers that had already succeeded are skipped.
Handlers
defmodule MyApp.OnItemCompleted do
  use DDD.EventHandler, events: [MyApp.Events.ItemCompleted]

  @impl DDD.EventHandler
  def handle(%MyApp.Events.ItemCompleted{aggregate_id: list_id}) do
    case MyApp.Commands.RecordProgress.call(%{list_id: list_id}) do
      {:ok, _} -> :ok
      {:error, error} -> {:error, error}   # business: rejected. infrastructure: retried
    end
  end
end

MyApp.OnItemCompleted.subscribe()
What handle/1 returns decides what happens, using the kind of the error (DDD.Error.kind):
	handle/1 returns	Meaning	Outcome
	:ok	handled	delivered
	{:error, %DDD.Error{kind: :business}} or a plain reason like :not_found	the handler looked at the event and said no. Deterministic.	rejected: recorded in event_deliveries (outcome: "rejected"), never retried, not a dead letter
	{:error, %DDD.Error{kind: :infrastructure}}, an exception, a throw	the system failed	retried with backoff; dead-lettered when retries run out

In both failure cases a transactional handler is rolled back first. A rejection is remembered,
so the handler is not run again for that event.
Errors the framework creates carry the right kind: validation, invalid operations and
unsealed structs are :business; a rolled-back command transaction, a failed save and
exceptions are :infrastructure. Build your own with DDD.Error.business/1 and
DDD.Error.infrastructure/1. A plain reason is the domain's answer, so it counts as business.
Each delivery runs in its own transaction by default, together with a row in
event_deliveries that records "this handler processed this event". If the handler fails,
everything rolls back, including that row, and the event is retried. If it succeeds, the handler
is never run again for that event, even if another handler of the same event failed. For
handlers that only write to our database this is effectively exactly-once. Events a handler
produces (by saving aggregates) commit with its work, so chained events are safe too: they only
exist if the handler succeeded.
For an effect a transaction can't undo (sending an email, calling an API), use
transaction: false. That handler is delivered at least once and must tolerate a repeat:
use DDD.EventHandler, events: [...], transaction: false
use DDD.EventHandler, events: [...], repo: MyApp.Repo
Plain modules with handle/1 work as well and are delivered like transaction: false.
Pruning
domain_events and event_deliveries grow with every event. Delete the old ones when you
don't need them any more:
mix vic.outbox.prune --older-than-days 30

or on a timer, with {DDD.Supervisor, retention: [older_than_days: 30]}, or from your own
scheduler with DDD.Outbox.Retention.prune(MyApp.Repo, older_than_days: 30). Only published
events and resolved dead letters are deleted; waiting events, events being retried and unresolved
dead letters are kept. Nothing is pruned unless you ask: there is no default age. A projection
is rebuilt by replaying the events that are left (see Projections), so prune after the
history you want to be able to rebuild from, or archive the table first.
Retry configuration
config :vicander, :outbox,
  max_retries: 10,           # retries after the first attempt (default 10)
  backoff_base_ms: 1_000,    # the first retry waits this long, then it doubles (default 1s)
  backoff_max_ms: 300_000    # never wait longer than this (default 5 minutes)
A poller option wins over the application config, which wins over the default:
{DDD.Outbox.Poller, repo: MyApp.Repo, max_retries: 3, backoff_ms: fn retry -> ms end}.
Dead letters
An event is dead-lettered only when the system kept failing: infrastructure errors,
exceptions, or an event type that can't be resolved. Business rejections are never dead
letters. When the poller gives up it logs an error, emits a [:ddd, :outbox, :dead_letter]
telemetry event (attach a handler to alert), and notifies DDD.Outbox.DeadLetterHandler, a
supervised process that applies a policy:
	Policy returns	Effect
	:keep	acknowledge it; it stays dead-lettered for a person to deal with
	:replay	clear the failure state; the poller retries it (handlers that succeeded are skipped)
	:discard	resolve it as discarded
	:later	decide on a later sweep

The default policy keeps every dead letter: the failure is logged and emitted as telemetry,
and a person replays it. Replaying automatically before anyone has looked mostly repeats the
failure, so it is opt-in, for transient causes such as an outage longer than the retries:
config :vicander, :dead_letters,
  max_replays: 3,             # default 0: never replay automatically
  replay_cooldown_ms: 60_000, # wait this long after it died
  policy: MyApp.DeadLetterPolicy   # or your own `DDD.Outbox.DeadLetterPolicy`
The database is the source of truth. The handler sweeps for unresolved dead letters when it
starts and every minute, so a crash and restart (or a lost notification) loses nothing. A
policy that raises is logged and treated as :later; it cannot crash the handler.
By hand:
mix vic.outbox.dead_letters         # unresolved ones (--all includes resolved)
mix vic.outbox.replay EVENT_ID      # or --all; fix the cause first
mix vic.outbox.discard EVENT_ID

Setup
{DDD.Supervisor, handlers: [...]} (see Setup at the top) starts the poller and the
dead-letter handler. Handlers are subscribed first, so an event is never delivered to an empty
list. mix vic.gen.outbox_migration creates the domain_events and event_deliveries tables.
Limits: handler cycles (A causes B causes A) are not detected, and events are ordered per poll
batch, not across a whole chain. Two handlers saving the same aggregate at the same moment no
longer overwrite each other (see Optimistic locking): the loser fails with :stale_aggregate
and is retried.
Projections
A read model is a denormalized table kept up to date by events, so a screen that needs "my lists
with their counts" reads one table instead of loading and folding every aggregate.
DDD.Projection is an event handler (see Handlers), so it is delivered through the outbox and
inherits its guarantees: every event is applied in its own transaction together with its delivery
record, so a retry or a duplicate delivery never counts an event twice.
defmodule MyApp.Projections.ListSummary do
  alias MyApp.Events.{ListCreated, ItemAdded, ItemCompleted}

  use DDD.Projection, table: "list_summaries", key: :list_id,
    events: [ListCreated, ItemAdded, ItemCompleted]

  projection do
    description "One row per list: title and counts"
    field :list_id, :uuid
    field :title, :string
    field :open_count, :integer, default: 0
    field :done_count, :integer, default: 0
  end

  on %ListCreated{} = e, do: {:upsert, %{title: e.title}}
  on %ItemAdded{}, do: {:inc, :open_count, 1}
  on %ItemCompleted{}, do: {:inc, open_count: -1, done_count: 1}
end

MyApp.Projections.ListSummary.subscribe()     # before the poller starts
The row is keyed by the event's aggregate_id (key_from: picks another event field). An on
clause returns what to do to that row: {:upsert, map} (create with the field defaults, or set
these fields), {:update, map} (only if the row exists), {:inc, field, n} (the database adds,
so concurrent events never overwrite each other), :delete, :skip, a list of these, or
{:error, reason} (a rejection, like in any handler). Events can arrive before the row exists:
an increment creates it.
	Table. mix vic.gen.migration MyApp.Projections.ListSummary writes the migration.
	Reading. get/1, and list/1, count/1, page/1, slice/1 with the filters, orders and
cursors above. Rows are plain maps.
	Consistency. Eventually consistent: it trails by the time the outbox takes. Decisions read
the aggregate, never a projection.
	Lag. lag/0 returns %{pending: n, oldest_pending_age_ms: ms}: the events of its types
that no delivery record covers yet (discarded dead letters excluded).
	Rebuild. mix vic.projection.rebuild MyApp.Projections.ListSummary (or rebuild/0)
empties the table and replays every stored event of its types, in order. Use it after fixing an
on clause, or to build a new projection from history. The events must still be in
domain_events. Readers see the table fill up again while it runs, so do it in a quiet period;
if it fails part-way the error says the projection is partial, and running it again is safe.

The example app has one: TodoApp.Application.Projections.TodoList.ListStats (items added and completed per
list). It lives in the application layer, beside the query that reads it (list_activity): a
projection is an event handler that maintains a read model, and the framework hides the SQL, so
nothing in it is specific to an adapter. Only the repositories, which the domain declares as
ports, sit behind impl/0.
Testing your application
DDD.Test has the assertions an application's tests keep writing:
import DDD.Test

{:ok, list} = TodoList.complete_item(list, item.id)
assert_event_emitted(list, ItemCompleted, item_id: item.id)   # returns the event
refute_event_emitted(list, ListReopened)

assert_error_code(TodoList.complete_item(list, item.id), :already_completed)   # returns the error

{:ok, _} = Commands.AddItem.call(...)
drain_outbox()      # delivers the saved events to the subscribed handlers, now
In tests, start the framework with a poller that doesn't run by itself
({DDD.Supervisor, handlers: [...], poller: [interval_ms: 600_000]}) and call drain_outbox/0
when a test needs the handlers to have run, or pass poller: false and test the handlers
directly. DDD.InMemoryRepository replaces a Postgres adapter in tests that don't need a
database. The example app's TodoApp.DataCase shows the Ecto sandbox setup.
Observability
Every framework event is a :telemetry event; DDD.Telemetry has the full catalogue.
	what	event
	a command or query	[:ddd, :command] / [:ddd, :query] spans, with :result, :error_codes, :error_kind
	a command re-run after a version conflict	[:ddd, :command, :retry]
	a lost optimistic-lock race	[:ddd, :repository, :conflict]
	a handler delivery	[:ddd, :handler, :deliver] span, with :outcome (:delivered, :skipped, :rejected, :error)
	the outbox	[:ddd, :outbox, :poll | :published | :retry | :dead_letter]
	a projection rebuild	[:ddd, :projection, :rebuild] span
	outbox and projection gauges	[:ddd, :outbox, :stats], [:ddd, :projection, :lag]

The gauges are read from the database, so emit them on a timer (for example with
:telemetry_poller): DDD.Telemetry.report(MyApp.Repo, [MyApp.Projections.ListSummary]). A
stuck outbox shows up as a growing oldest_pending_age_ms, and dead_letters above zero means
someone has to act (mix vic.outbox.dead_letters).
Health. DDD.Health.check/1 answers :ok, :degraded (unresolved dead letters, an event or a
projection waiting longer than its threshold) or :unhealthy (the database does not answer):
config :vicander, :health,
  projections: [MyApp.Projections.ListSummary],
  max_outbox_age_ms: 60_000, max_dead_letters: 0, max_projection_lag_ms: 60_000
The result is JSON-encodable: serve it from a Plug route or a Phoenix controller, or list
DDD.Health.Query in an MCP server's queries:. mix vic.health [--json] prints it and exits
non-zero unless :ok, for a deploy gate or a container probe.
Pending work
Known gaps, in the order they matter. None is hidden: each was found and decided on.
	Concurrent first saves. Optimistic locking guards every save of an existing aggregate, and
a new aggregate whose id already exists is a :stale_aggregate conflict. Two simultaneous
first saves of the same new id can still both pass that check, and the second insert then fails
with a raw constraint error instead of a DDD.Error. Ids are UUIDv7, so this only happens when
the same new struct is saved twice at once.
	Projection ordering. A projection applies events in delivery order, which follows
occurred_at within a poll batch. Its on clauses should be commutative (increments, upserts
of independent fields) rather than depend on strict order; events carry no aggregate version
yet that a projection could use to detect an out-of-order one.
	Outbox lease per batch. A claimed batch of up to 100 events shares one 30-second lease.
With slow handlers the unprocessed tail can be claimed again by another node. Renew the lease
per event, or claim fewer events.
	Logged parameters. DDD.Command and DDD.Query log every parameter value at info level.
There is no way to keep a password or token out of the log yet.

Example application
todo_app (a sibling project, ../todo_app) is a complete application on top of the framework: four layers
(domain, application, infrastructure, interface) with the layering enforced by
boundary, aggregates with specifications, commands and
queries (paged and cursor listings), a read model, event handlers, and an MCP server. It is the
first thing to read to see how the pieces fit, and its test suite is the framework's integration
test.
alias TodoApp.Application.{Commands, Queries}

{:ok, user} = Commands.User.RegisterUser.call(%{name: "Ann", email: "ann@example.com"})
{:ok, list} = Commands.TodoList.CreateList.call(%{owner_id: user.id, name: "Home"})
{:ok, list} = Commands.TodoList.AddItem.call(%{list_id: list.id, title: "Buy milk"})
{:ok, open} = Queries.TodoList.OpenItems.call(%{list_id: list.id})


  

    Changelog

All notable changes to vicander (the DDD.* modules). The project follows
Semantic Versioning; until 1.0, a minor version may change the API.
0.1.1 - 2026-11-03
The first version on Hex. 0.1.0 was only a git tag, and its CI failed on a formatting check.
Added
	Your own Ecto schema. use DDD.Repository.Ecto, ..., schema: MyApp.OrderRecord stores an
aggregate in a table you already have (instead of table:; both is an error). Fields map by
name; override to_domain/1 / from_domain/1 (or call to_domain/2 / from_domain/2 with the
fields that differ) for the rest. The save stays the framework's (your changeset/2 is never
called). The schema is checked when the adapter compiles (:version, primary key, JSON
columns, unmapped fields). mix vic.gen.migration skips such aggregates;
DDD.Migration.schema_drift/2 and DDD.Migration.table_drift/1 report a mismatch.

Changed (breaking)
	The framework is a library. It starts nothing and reads nothing from your own
application's configuration. Configure config :vicander, repo: MyApp.Repo and put
{DDD.Supervisor, handlers: [...]} in your supervision tree. Vicander.Repo and
Vicander.Application are gone; the default repo of commands, queries, handlers,
projections and the Mix tasks is the configured one.
	Mix tasks are mix vic.* (they were mix ddd.*): vic.gen.migration,
vic.gen.outbox_migration, vic.outbox.dead_letters, vic.outbox.replay,
vic.outbox.discard, vic.health, vic.projection.rebuild, vic.mcp.
	Identity. Several fields can form an identity (identity :tenant_id, :uuid and
identity :sku, :string); Entity.identity/1 is its string. Every part is required and
immutable, and only a lone identity :id, :uuid is generated (as a UUIDv7).
	Field values are type-checked (:invalid_type), and command/query fields are typed.
	DDD.Error has entity_id.
	update/2 refuses a struct the framework did not produce, and an aggregate's pending events
are part of its seal.
	Nested lists are one jsonb column. {:list, Entity} (and arrays of nested entities or
maps) used to be a Postgres array of jsonb (jsonb[]); they are now a single jsonb array.
Existing tables need ALTER TABLE t ALTER COLUMN c TYPE jsonb USING to_jsonb(c); the example
app has the migration. The migration generator reports the column as changed.
	postgrex is no longer a dependency of the library: the application picks its driver.
ecto_sql stays (the outbox calls repo.query!).

Added
	DDD.Supervisor, DDD.Config.
	DDD.Query (read-only transactions), DDD.Filter, DDD.Listing, DDD.Page, DDD.Slice.
	Field types: :text, :time, :naive_datetime, :binary, :json, {:array, t},
{:enum, [...]}, {:map, t}, {:ref, Aggregate}, :money (DDD.Money).
	Optimistic locking (version, :stale_aggregate, retry_on_conflict:), DDD.Projection,
DDD.Health, DDD.Telemetry.
	DDD.MCP: the application as a Model Context Protocol server (mix vic.mcp).
	DDD.Dialect: the few database-specific operations (claim lock, database clock, read-only
transaction, column introspection) behind a behaviour chosen from the repo's adapter
(DDD.Dialect.Postgres), or set with config :vicander, dialect: MyDialect. The outbox,
dead letters, retention, projections, telemetry and health are Ecto queries over
DDD.Outbox.Event and DDD.Outbox.Delivery instead of raw SQL. Event ids that the outbox
functions (DDD.EventHandler.deliver/4, the poller's claim/3) take and return are now
the UUID string, not the 16-byte binary. Leases and retry times use the database clock.
	DDD.Migration.drift/3 looks at the schemas on the search path, not at every table of that name.
	DDD.Outbox.Retention (mix vic.outbox.prune, retention: of the supervisor).
	DDD.Test: assert_event_emitted/3, refute_event_emitted/3, assert_error_code/2,
drain_outbox/1.
	description on commands, queries, entities and fields; value specifications bound to a field
(invariant Spec, on: :field).
	The formatter configuration exports the DSL (import_deps: [:vicander]).
	Development checks: Credo (mix credo --strict) and Dialyzer (mix dialyzer), both dev-only
dependencies, run in CI.

Fixed
	Delivery of an event no longer crashes the poller; a failing event is retried and then
dead-lettered. A handler whose nested transaction rolled back is retried.
	Blank strings are stored as they are (not as NULL); a malformed id is "not found".



  

    
DDD 
    



      
The Domain-Driven Design framework: entities, aggregates, value objects, specifications,
commands, events and the outbox. It knows nothing about any application built on it.

      




  

    
DDD.Dialect behaviour
    



      
The few things that differ between databases.
Almost everything the framework does against the database is an Ecto query, so it runs on
whatever adapter the application's repo uses. What cannot be expressed in Ecto is behind this
behaviour, and the implementation is chosen from the repo's adapter:
	Ecto adapter	Dialect
	Ecto.Adapters.Postgres	DDD.Dialect.Postgres

The framework has no dependency on a driver: the application adds the one it needs (for
example postgrex), and the dialect follows from the repo. For an adapter that has no
dialect here, write one and name it in the configuration:
config :vicander, dialect: MyApp.Dialect
A repo that has no dialect raises ArgumentError the first time the framework needs one,
naming the adapter, rather than running SQL it does not understand.

      


      
        Summary


  
    Callbacks
  


    
      
        columns(repo, table)

      


        The names of the columns of table, as the database reports them.



    


    
      
        lock_for_claim(t)

      


        query with the lock that makes a claim skip rows another transaction has locked
(FOR UPDATE SKIP LOCKED), or query unchanged when the database has none. Unchanged, the
claim relies on the database serialising writers, which is only correct for a single node.



    


    
      
        now(repo)

      


        The database's current time in UTC.



    


    
      
        read_only(repo, fun)

      


        Run fun in a read-only transaction on repo and return its result. The transaction is
rolled back, so nothing it did, including switching the mode on, outlives the call.



    





  
    Functions
  


    
      
        for_repo(repo)

      


        The dialect for repo: the configured one, else the one for its adapter.



    





      


      
        Callbacks


        


  
    
      
    
    
      columns(repo, table)



        
          
        

    

  


  

      

          @callback columns(repo :: module(), table :: String.t()) :: [String.t()]


      


The names of the columns of table, as the database reports them.

  



  
    
      
    
    
      lock_for_claim(t)



        
          
        

    

  


  

      

          @callback lock_for_claim(Ecto.Query.t()) :: Ecto.Query.t()


      


query with the lock that makes a claim skip rows another transaction has locked
(FOR UPDATE SKIP LOCKED), or query unchanged when the database has none. Unchanged, the
claim relies on the database serialising writers, which is only correct for a single node.
Ecto accepts only a literal lock, so the dialect applies it rather than naming it.

  



  
    
      
    
    
      now(repo)



        
          
        

    

  


  

      

          @callback now(repo :: module()) :: DateTime.t()


      


The database's current time in UTC.
Leases and retry times are compared with this clock, never with the clock of the node that
wrote them, so nodes whose clocks differ still agree on when a lease is over.

  



  
    
      
    
    
      read_only(repo, fun)



        
          
        

    

  


  

      

          @callback read_only(repo :: module(), fun :: (-> result)) :: result when result: term()


      


Run fun in a read-only transaction on repo and return its result. The transaction is
rolled back, so nothing it did, including switching the mode on, outlives the call.

  


        

      

      
        Functions


        


  
    
      
    
    
      for_repo(repo)



        
          
        

    

  


  

      

          @spec for_repo(module()) :: module()


      


The dialect for repo: the configured one, else the one for its adapter.

  


        

      


  

    
DDD.Dialect.Postgres 
    



      
DDD.Dialect for Ecto.Adapters.Postgres.

      




  

    
DDD.Health.Query 
    



      
DDD.Health.check/0 as a DDD.Query, so it can be listed in an MCP server (or anywhere a
query is accepted):
use DDD.MCP.Server, queries: [DDD.Health.Query, ...]
Which projections are checked, and the thresholds, come from config :vicander, :health.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        The declared struct, one key per field.



    





  
    Functions
  


    
      
        call(input)

      


        Run the query from a struct or attrs. Errors carry context: %{query: ...}.



    


    
      
        call!(input)

      


        Like call/1, raising on failure.



    


    
      
        new(attrs)

      


        Build and validate from a map or keyword list.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %DDD.Health.Query{}


      


The declared struct, one key per field.

  


        

      

      
        Functions


        


  
    
      
    
    
      call(input)



        
          
        

    

  


  

Run the query from a struct or attrs. Errors carry context: %{query: ...}.

  



  
    
      
    
    
      call!(input)



        
          
        

    

  


  

Like call/1, raising on failure.

  



  
    
      
    
    
      new(attrs)



        
          
        

    

  


  

Build and validate from a map or keyword list.

  


        

      


  

    
DDD.Test 
    



      
Helpers for testing an application built on the framework.
use ExUnit.Case
import DDD.Test

test "completing the last item finishes the list" do
  {:ok, list} = TodoList.complete_item(list, item.id)

  assert_event_emitted(list, ItemCompleted, item_id: item.id)
  refute_event_emitted(list, ListReopened)
end

test "a failure says why" do
  assert_error_code(TodoList.complete_item(list, item.id), :already_completed)
end

test "the handlers ran" do
  {:ok, _} = Commands.AddItem.call(...)
  drain_outbox()
  assert ... # the handlers' effects
end
Pending events are the ones an aggregate has emitted and not yet saved. Once a repository
saves it they are in the outbox; drain_outbox/1 delivers them to the subscribed handlers.

      


      
        Summary


  
    Functions
  


    
      
        assert_error_code(other, code)

      


        Assert that a result is {:error, %DDD.Error{}} that has code (its own, or one of its
violations'). Returns the error, so more can be asserted about it.



    


    
      
        assert_event_emitted(aggregate, event, fields \\ [])

      


        Assert that aggregate emitted an event of the event module, optionally with these field
values. Returns the first matching event.



    


    
      
        drain_outbox(max_rounds \\ 20)

      


        Deliver every event waiting in the outbox to the subscribed handlers, now, instead of waiting
for the poller's timer. Needs the poller to be running (DDD.Supervisor starts it, with
poller: [interval_ms: 600_000] to keep it from polling by itself in tests). Events that
handlers produce while handling are delivered too. Returns how many events were delivered.



    


    
      
        emitted_events(map)

      


        The events an aggregate has emitted and not yet saved.



    


    
      
        refute_event_emitted(aggregate, event, fields \\ [])

      


        Assert that aggregate did not emit such an event.



    





      


      
        Functions


        


  
    
      
    
    
      assert_error_code(other, code)



        
          
        

    

  


  

      

          @spec assert_error_code(term(), atom()) :: DDD.Error.t()


      


Assert that a result is {:error, %DDD.Error{}} that has code (its own, or one of its
violations'). Returns the error, so more can be asserted about it.

  



    

  
    
      
    
    
      assert_event_emitted(aggregate, event, fields \\ [])



        
          
        

    

  


  

      

          @spec assert_event_emitted(struct(), module(), keyword()) :: struct()


      


Assert that aggregate emitted an event of the event module, optionally with these field
values. Returns the first matching event.

  



    

  
    
      
    
    
      drain_outbox(max_rounds \\ 20)



        
          
        

    

  


  

      

          @spec drain_outbox(non_neg_integer()) :: non_neg_integer()


      


Deliver every event waiting in the outbox to the subscribed handlers, now, instead of waiting
for the poller's timer. Needs the poller to be running (DDD.Supervisor starts it, with
poller: [interval_ms: 600_000] to keep it from polling by itself in tests). Events that
handlers produce while handling are delivered too. Returns how many events were delivered.

  



  
    
      
    
    
      emitted_events(map)



        
          
        

    

  


  

      

          @spec emitted_events(struct()) :: [struct()]


      


The events an aggregate has emitted and not yet saved.

  



    

  
    
      
    
    
      refute_event_emitted(aggregate, event, fields \\ [])



        
          
        

    

  


  

      

          @spec refute_event_emitted(struct(), module(), keyword()) :: :ok


      


Assert that aggregate did not emit such an event.

  


        

      


  

    
DDD.Type.Json 
    



      
Ecto type behind the :json field type: any JSON term (map or list) in a jsonb column.
Ecto's own :map refuses lists.

      


      
        Summary


  
    Functions
  


    
      
        embed_as(_)

      


        Callback implementation for Ecto.Type.embed_as/1.



    


    
      
        equal?(term1, term2)

      


        Callback implementation for Ecto.Type.equal?/2.



    





      


      
        Functions


        


  
    
      
    
    
      embed_as(_)



        
          
        

    

  


  

Callback implementation for Ecto.Type.embed_as/1.

  



  
    
      
    
    
      equal?(term1, term2)



        
          
        

    

  


  

Callback implementation for Ecto.Type.equal?/2.

  


        

      


  

    
DDD.Aggregate behaviour
    



      
Behaviour and macros for Domain-Driven Design Aggregate Roots.
An aggregate is a consistency boundary: the root is the only entry point, and
nested entities are stored inside it (one row for the whole aggregate).
Aggregates collect domain events; the repository persists them with the state.
Same rules as DDD.Entity (field rules, invariant, defop, sealing).
Usage
defmodule MyApp.Order do
  use DDD.Aggregate

  aggregate do
    identity :id,          :uuid
    field    :customer_id, :string, required: true
    field    :status,      :atom, default: :pending
    field    :items,       {:list, MyApp.OrderItem}, default: []

    invariant MyApp.Specs.MaxItems, max: 10
  end

  defop confirm(order), requires: MyApp.Specs.OrderIsPending do
    order
    |> Map.put(:status, :confirmed)
    |> emit_event(MyApp.Events.OrderConfirmed.new(%{order_id: order.id}))
  end
end
Events emitted inside a defop are discarded when the result is invalid.
Nested types: {:list, EntityModule} and {:one, EntityModule}.

      


      
        Summary


  
    Callbacks
  


    
      
        new(attrs)

      


    


    
      
        update(aggregate, changes)

      


    





  
    Functions
  


    
      
        aggregate(list)

      


    





      


      
        Callbacks


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  

      

          @callback new(attrs :: map() | keyword()) :: {:ok, struct()} | {:error, DDD.Error.t()}


      



  



  
    
      
    
    
      update(aggregate, changes)



        
          
        

    

  


  

      

          @callback update(
  aggregate :: struct(),
  changes :: map() | keyword() | (struct() -> struct())
) ::
  {:ok, struct()} | {:error, DDD.Error.t()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      aggregate(list)


        (macro)


        
          
        

    

  


  


  


        

      


  

    
DDD.BoundedContext 
    



      
Macro for declaring a Bounded Context.
Usage
defmodule MyApp.Ordering do
  use DDD.BoundedContext

  bounded_context name: "Ordering",
                  description: "Order lifecycle from placement to fulfillment"

  context_api do
    exposes MyApp.PlaceOrderUseCase
  end

  publishes_events [MyApp.Events.OrderPlaced, MyApp.Events.OrderConfirmed]

  subscribes_to [
    {MyApp.Inventory.Events.StockReserved, MyApp.Ordering.Handlers.StockHandler}
  ]
end

      


      
        Summary


  
    Functions
  


    
      
        bounded_context(opts)

      


    


    
      
        context_api(list)

      


    


    
      
        exposes(module)

      


    


    
      
        publishes_events(list)

      


    


    
      
        subscribes_to(list)

      


    





      


      
        Functions


        


  
    
      
    
    
      bounded_context(opts)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      context_api(list)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      exposes(module)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      publishes_events(list)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      subscribes_to(list)


        (macro)


        
          
        

    

  


  


  


        

      


  

    
DDD.DomainService 
    



      
Marker for Domain Services — stateless, domain-logic-only modules.
Usage
defmodule MyApp.Domain.PricingService do
  use DDD.DomainService

  def apply_discount(%Order{} = order, :gold),
    do: Decimal.mult(order.total.amount, "0.85")
  def apply_discount(%Order{} = order, _tier),
    do: order.total.amount
end

      




  

    
DDD.Entity behaviour
    



      
Behaviour and macros for Domain-Driven Design Entities.
Entities have a unique identity that persists through state changes. Two
entities with the same identity are the same entity, whatever their other
attributes.
An entity can never exist in an invalid state: new/1, update/2, validate/1
and every defop check field rules and specification invariants.
Usage
defmodule MyApp.OrderItem do
  use DDD.Entity

  entity do
    identity :id,       :uuid
    field    :sku,      :string, required: true
    field    :quantity, :integer, default: 1
    field    :status,   :atom, default: :open

    invariant MyApp.Specs.SkuKnown
    invariant MyApp.Specs.PositiveQuantity
  end

  # `requires:` states the business rule by name; it runs before the body.
  defop cancel(item), requires: MyApp.Specs.ItemIsOpen do
    %{item | status: :cancelled}
  end
end

{:ok, item} = MyApp.OrderItem.new(sku: "WIDGET-001", quantity: 3)
{:ok, item} = MyApp.OrderItem.update(item, quantity: 5)
{:ok, item} = MyApp.OrderItem.cancel(item)
Field options: :default, :required. Business rules are specifications
(see DDD.Specification): invariant SpecModule, opts for what must always hold, and
defop name(entity), requires: SpecModule for what must hold before an operation may run.
validate field, fun, message: ... is a nameless shortcut for a throwaway one-liner
(skipped for nil).
Failures are {:error, %DDD.Error{}}.

      


      
        Summary


  
    Callbacks
  


    
      
        new(attrs)

      


    


    
      
        same_identity?(a, b)

      


    


    
      
        update(entity, changes)

      


    





  
    Functions
  


    
      
        entity(list)

      


    





      


      
        Callbacks


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  

      

          @callback new(attrs :: map() | keyword()) :: {:ok, struct()} | {:error, DDD.Error.t()}


      



  



  
    
      
    
    
      same_identity?(a, b)



        
          
        

    

  


  

      

          @callback same_identity?(a :: struct(), b :: struct()) :: boolean()


      



  



  
    
      
    
    
      update(entity, changes)



        
          
        

    

  


  

      

          @callback update(
  entity :: struct(),
  changes :: map() | keyword() | (struct() -> struct())
) ::
  {:ok, struct()} | {:error, DDD.Error.t()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      entity(list)


        (macro)


        
          
        

    

  


  


  


        

      


  

    
DDD.Error 
    



      
Structured error produced by the framework.
	:kind       - :business (the domain said no; retrying gives the same answer) or
:infrastructure (the system failed; retrying may succeed). Event handlers use it:
a business error is a recorded rejection, an infrastructure error is retried.
	:entity     - business entity (module) that produced the error
	:entity_id  - the identity (Entity.identity/1) of the instance it happened to, or nil
when there is none yet or it can't be told (a new call that is missing its identity)
	:operation  - operation being run (:new, :update, :validate or a defop name)
	:code       - machine-matchable code, e.g. :validation_failed
	:message    - human-readable message
	:details    - data produced by the rule that failed
	:violations - list of %{field, code, message, details} when several rules failed
	:context    - added by outer layers (running a command adds :command)


      


      
        Summary


  
    Types
  


    
      
        kind()

      


    


    
      
        t()

      


    


    
      
        violation()

      


    





  
    Functions
  


    
      
        business(attrs)

      


        Build a business error: the domain decided no. Never retried.



    


    
      
        business?(error)

      


        True for business errors.



    


    
      
        codes(error)

      


        All violation codes of an error (or [code] when there are no violations).



    


    
      
        has_code?(error, code)

      


        True when the error, or any of its violations, has the given code.



    


    
      
        infrastructure(attrs)

      


        Build an infrastructure error: the system failed. Retried by event handlers.



    


    
      
        infrastructure?(error)

      


        True for infrastructure errors.



    


    
      
        new(attrs)

      


        Build an error from a keyword list or map.



    


    
      
        put_context(error, extra)

      


        Merge extra context into the error.



    


    
      
        to_map(error)

      


        Per-field map of messages (form style): %{field => [message]}.
Errors without violations are reported under :base.



    


    
      
        validation_failed(entity, operation, violations, entity_id \\ nil)

      


        Build a :validation_failed error from a non-empty list of violations.



    


    
      
        violation(field, code, message, details \\ %{})

      


        Build a violation map (one failed rule).



    


    
      
        wrap(error, context)

      


        Convert any error reason into a DDD.Error, merging context.



    





      


      
        Types


        


  
    
      
    
    
      kind()



        
          
        

    

  


  

      

          @type kind() :: :business | :infrastructure


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %DDD.Error{
  code: atom(),
  context: map(),
  details: map(),
  entity: module() | nil,
  entity_id: String.t() | nil,
  kind: kind(),
  message: String.t(),
  operation: atom() | nil,
  violations: [violation()]
}


      



  



  
    
      
    
    
      violation()



        
          
        

    

  


  

      

          @type violation() :: %{
  field: atom(),
  code: atom(),
  message: String.t(),
  details: map()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      business(attrs)



        
          
        

    

  


  

      

          @spec business(keyword() | map()) :: t()


      


Build a business error: the domain decided no. Never retried.

  



  
    
      
    
    
      business?(error)



        
          
        

    

  


  

      

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


      


True for business errors.

  



  
    
      
    
    
      codes(error)



        
          
        

    

  


  

      

          @spec codes(t()) :: [atom()]


      


All violation codes of an error (or [code] when there are no violations).

  



  
    
      
    
    
      has_code?(error, code)



        
          
        

    

  


  

      

          @spec has_code?(t(), atom()) :: boolean()


      


True when the error, or any of its violations, has the given code.

  



  
    
      
    
    
      infrastructure(attrs)



        
          
        

    

  


  

      

          @spec infrastructure(keyword() | map()) :: t()


      


Build an infrastructure error: the system failed. Retried by event handlers.

  



  
    
      
    
    
      infrastructure?(error)



        
          
        

    

  


  

      

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


      


True for infrastructure errors.

  



  
    
      
    
    
      new(attrs)



        
          
        

    

  


  

      

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


      


Build an error from a keyword list or map.

  



  
    
      
    
    
      put_context(error, extra)



        
          
        

    

  


  

      

          @spec put_context(t(), map() | keyword()) :: t()


      


Merge extra context into the error.

  



  
    
      
    
    
      to_map(error)



        
          
        

    

  


  

      

          @spec to_map(t()) :: %{required(atom()) => [String.t()]}


      


Per-field map of messages (form style): %{field => [message]}.
Errors without violations are reported under :base.

  



    

  
    
      
    
    
      validation_failed(entity, operation, violations, entity_id \\ nil)



        
          
        

    

  


  

      

          @spec validation_failed(module(), atom(), [violation()], String.t() | nil) :: t()


      


Build a :validation_failed error from a non-empty list of violations.

  



    

  
    
      
    
    
      violation(field, code, message, details \\ %{})



        
          
        

    

  


  

      

          @spec violation(atom(), atom(), String.t(), map()) :: violation()


      


Build a violation map (one failed rule).

  



  
    
      
    
    
      wrap(error, context)



        
          
        

    

  


  

      

          @spec wrap(any(), map() | keyword()) :: t()


      


Convert any error reason into a DDD.Error, merging context.
Errors pass through. Atoms and {code, message} tuples are wrapped as :business
errors (a plain reason is the domain's answer). An exception becomes an :infrastructure
error with code :exception. Anything else becomes :unknown (business) with the
inspected reason in details.

  


        

      


  

    
DDD.Identity 
    



      
Identities of entities and aggregates, and generating them.
The identity string
An entity's identity is made of one or more fields, declared with one identity/2 each:
identity(:tenant_id, :uuid)
identity(:sku, :string)
Entity.identity(entity) returns it as a string: the value itself for a single field, the
values joined with : for several ("6f1f...:A-100"). A \ or : inside a part is escaped
(\\, \:) so the string always splits back into the same parts (decode/1). The string
is what find_by_id/1, the outbox aggregate_id and a {:ref, Aggregate} to a composite
aggregate use.
Entity.build_identity(parts) makes the same string from a map or keyword list of the parts,
without an entity. Entity.identity_fields() lists the part names.
A composite identity part must be a :string, :uuid, :integer, :atom, :date or
enum field. Every part is required, and none may change once the entity exists.
Generating ids
new/1 fills in a UUIDv7 only for a single identity(:id, :uuid) that the caller left out.
For any other identity the caller passes every part. generate/0 and the functions below
make ids by hand:
	uuid7/0 (the default, generate/0) - time-ordered: ids created later sort later, which
keeps btree indexes compact
	uuid4/0 - random
	uuid1/0, uuid3/2, uuid5/2 - time and name based (see UUID)


      


      
        Summary


  
    Functions
  


    
      
        build(module, parts)

      


        Build the identity string for module from a map or keyword list holding its parts. Raises
ArgumentError when a part is missing or nil.



    


    
      
        decode(string)

      


        Split a composite identity string back into its parts (the inverse of encode/1), also when a
part itself contains a :.



    


    
      
        encode(parts)

      


        Join identity parts into the identity string. One part is returned as text unchanged; several
are escaped and joined with :.



    


    
      
        generate()

      


        A new id: a UUIDv7.



    


    
      
        id_of(struct)

      


        The identity string of an entity instance, for naming it in an error, or nil when it has
none or can't be told (a part is missing or has no text form). Never raises.



    


    
      
        key(struct)

      


        The value a repository stores an entity under: the field value for a single-field identity,
the identity string for a composite one. nil for a struct without identity.



    


    
      
        put_generated(attrs, arg2)

      


        Fills in a generated :id when the identity is a lone identity(:id, :uuid) and the caller
left it out. Any other identity is returned untouched. A function rather than inline code in
the generated new/1, so a value object (no identity) does not get a clause that can never
match.



    


    
      
        uuid1()

      


        A UUIDv1 (time and node based).



    


    
      
        uuid3(namespace, name)

      


        A name-based UUIDv3 (MD5). namespace is :dns, :url, :oid, :x500 or a UUID.



    


    
      
        uuid4()

      


        A random UUIDv4.



    


    
      
        uuid5(namespace, name)

      


        A name-based UUIDv5 (SHA-1). namespace is :dns, :url, :oid, :x500 or a UUID.



    


    
      
        uuid7()

      


        A UUIDv7: a 48-bit millisecond timestamp followed by random bits.



    





      


      
        Functions


        


  
    
      
    
    
      build(module, parts)



        
          
        

    

  


  

      

          @spec build(module(), map() | keyword()) :: String.t()


      


Build the identity string for module from a map or keyword list holding its parts. Raises
ArgumentError when a part is missing or nil.

  



  
    
      
    
    
      decode(string)



        
          
        

    

  


  

      

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


      


Split a composite identity string back into its parts (the inverse of encode/1), also when a
part itself contains a :.
iex> DDD.Identity.decode("t1:sku-9")
["t1", "sku-9"]
iex> ["a:b", "c"] |> DDD.Identity.encode() |> DDD.Identity.decode()
["a:b", "c"]

  



  
    
      
    
    
      encode(parts)



        
          
        

    

  


  

      

          @spec encode([term()]) :: String.t()


      


Join identity parts into the identity string. One part is returned as text unchanged; several
are escaped and joined with :.
iex> DDD.Identity.encode(["order-7"])
"order-7"
iex> DDD.Identity.encode(["t1", "sku-9"])
"t1:sku-9"

  



  
    
      
    
    
      generate()



        
          
        

    

  


  

      

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


      


A new id: a UUIDv7.

  



  
    
      
    
    
      id_of(struct)



        
          
        

    

  


  

      

          @spec id_of(term()) :: String.t() | nil


      


The identity string of an entity instance, for naming it in an error, or nil when it has
none or can't be told (a part is missing or has no text form). Never raises.

  



  
    
      
    
    
      key(struct)



        
          
        

    

  


  

      

          @spec key(struct()) :: term()


      


The value a repository stores an entity under: the field value for a single-field identity,
the identity string for a composite one. nil for a struct without identity.

  



  
    
      
    
    
      put_generated(attrs, arg2)



        
          
        

    

  


  

      

          @spec put_generated(map(), [{atom(), atom(), keyword()}]) :: map()


      


Fills in a generated :id when the identity is a lone identity(:id, :uuid) and the caller
left it out. Any other identity is returned untouched. A function rather than inline code in
the generated new/1, so a value object (no identity) does not get a clause that can never
match.

  



  
    
      
    
    
      uuid1()



        
          
        

    

  


  

      

          @spec uuid1() :: String.t()


      


A UUIDv1 (time and node based).

  



  
    
      
    
    
      uuid3(namespace, name)



        
          
        

    

  


  

      

          @spec uuid3(atom() | String.t(), String.t()) :: String.t()


      


A name-based UUIDv3 (MD5). namespace is :dns, :url, :oid, :x500 or a UUID.

  



  
    
      
    
    
      uuid4()



        
          
        

    

  


  

      

          @spec uuid4() :: String.t()


      


A random UUIDv4.

  



  
    
      
    
    
      uuid5(namespace, name)



        
          
        

    

  


  

      

          @spec uuid5(atom() | String.t(), String.t()) :: String.t()


      


A name-based UUIDv5 (SHA-1). namespace is :dns, :url, :oid, :x500 or a UUID.

  



  
    
      
    
    
      uuid7()



        
          
        

    

  


  

      

          @spec uuid7() :: String.t()


      


A UUIDv7: a 48-bit millisecond timestamp followed by random bits.
Ids made in different milliseconds sort in creation order. Ids made within the same
millisecond are unique but not ordered.

  


        

      


  

    
DDD.Money 
    



      
An amount of money in one currency, as a value object.
field :price, :money                 # shorthand for {:one, DDD.Money}

{:ok, price} = DDD.Money.of("19.99", "EUR")
{:ok, total} = DDD.Money.add(price, price)
{:ok, half}  = DDD.Money.multiply(price, "0.5")
The amount is a Decimal, never a float. The currency is a 3-letter ISO 4217 code.
Adding or subtracting two currencies is a business error (:currency_mismatch); there is no
silent conversion. Money is stored as jsonb ({"amount": "19.99", "currency": "EUR"}).

      


      
        Summary


  
    Functions
  


    
      
        add(a, b)

      


        Sum of two amounts in the same currency.



    


    
      
        compare(a, b)

      


        Compare two amounts of the same currency: {:ok, :lt | :eq | :gt}.



    


    
      
        multiply(money, factor)

      


        Multiply by a number (Decimal, integer, float or string).



    


    
      
        negative?(money)

      


        True for an amount below zero.



    


    
      
        of(amount, currency)

      


        Build money from an amount (Decimal, integer, float or string) and a currency.



    


    
      
        of!(amount, currency)

      


        Like of/2 but returns the money or raises.



    


    
      
        positive?(money)

      


        True for an amount above zero.



    


    
      
        round(money, places \\ 2)

      


        Round to places decimal places (default 2), half up.



    


    
      
        subtract(a, b)

      


        Difference of two amounts in the same currency (may be negative).



    


    
      
        validate(struct)

      


        Run field rules, then specification invariants. Returns the sealed
struct or a DDD.Error listing every violation.



    


    
      
        zero(currency)

      


        Zero in currency.



    


    
      
        zero?(money)

      


        True for an amount of exactly zero.



    





      


      
        Functions


        


  
    
      
    
    
      add(a, b)



        
          
        

    

  


  

Sum of two amounts in the same currency.
iex> {:ok, sum} = DDD.Money.add(DDD.Money.of!("1.10", "EUR"), DDD.Money.of!("2.20", "EUR"))
iex> Decimal.to_string(sum.amount)
"3.30"
iex> {:error, error} = DDD.Money.add(DDD.Money.of!(1, "EUR"), DDD.Money.of!(1, "USD"))
iex> error.code
:currency_mismatch

  



  
    
      
    
    
      compare(a, b)



        
          
        

    

  


  

Compare two amounts of the same currency: {:ok, :lt | :eq | :gt}.

  



  
    
      
    
    
      multiply(money, factor)



        
          
        

    

  


  

Multiply by a number (Decimal, integer, float or string).

  



  
    
      
    
    
      negative?(money)



        
          
        

    

  


  

True for an amount below zero.

  



  
    
      
    
    
      of(amount, currency)



        
          
        

    

  


  

      

          @spec of(Decimal.t() | integer() | float() | String.t(), String.t()) ::
  {:ok, struct()} | {:error, DDD.Error.t()}


      


Build money from an amount (Decimal, integer, float or string) and a currency.

  



  
    
      
    
    
      of!(amount, currency)



        
          
        

    

  


  

Like of/2 but returns the money or raises.

  



  
    
      
    
    
      positive?(money)



        
          
        

    

  


  

True for an amount above zero.

  



    

  
    
      
    
    
      round(money, places \\ 2)



        
          
        

    

  


  

Round to places decimal places (default 2), half up.

  



  
    
      
    
    
      subtract(a, b)



        
          
        

    

  


  

Difference of two amounts in the same currency (may be negative).

  



  
    
      
    
    
      validate(struct)



        
          
        

    

  


  

Run field rules, then specification invariants. Returns the sealed
struct or a DDD.Error listing every violation.

  



  
    
      
    
    
      zero(currency)



        
          
        

    

  


  

Zero in currency.

  



  
    
      
    
    
      zero?(money)



        
          
        

    

  


  

True for an amount of exactly zero.

  


        

      


  

    
DDD.Specification behaviour
    



      
Specification pattern: a named, reusable, composable business rule.
A specification is a pure function of an entity (no database access).
defmodule MyApp.Specs.MaxOpenItems do
  use DDD.Specification, field: :items

  def check(%{items: items}, opts) do
    max = Keyword.fetch!(opts, :max)

    if Enum.count(items, &(&1.status == :open)) <= max,
      do: :ok,
      else: {:error, :too_many_open_items, "max #{max} open items", %{max: max}}
  end
end
check/2 returns :ok, {:error, code, message} or {:error, code, message, details}.
use DDD.Specification also derives satisfied_by?/2. :field (default :base) is the
field a failure is reported under.
Value specs
A spec that judges one field's value is declared with scope: :value and bound to the field
where it is attached, so one spec serves any field and nothing relies on a naming convention:
defmodule MyApp.Specs.ValidEmail do
  use DDD.Specification, scope: :value

  def check(email, _opts), do: ...      # the value, never nil
end

invariant MyApp.Specs.ValidEmail, on: :email
Failures are reported under the on: field. A missing on:, or a field the entity doesn't
have, is a compile error in invariant (and an ArgumentError when evaluated directly).
Entities attach specs two ways:
	invariant MyApp.Specs.MaxOpenItems, max: 10 - must hold after every change.
	defop name(entity, ...), requires: SomeSpec - must hold before the operation may run
(a precondition). The operation's other arguments arrive in opts[:args], so a rule can
depend on them: def check(list, opts) with [item_id] = Keyword.fetch!(opts, :args).

Composition
Specs combine with all_of/1, any_of/1 and not_spec/1, which return
composite spec values accepted everywhere a spec module is:
spec = DDD.Specification.all_of([NotBlank, {MaxLength, max: 100}])
DDD.Specification.evaluate(spec, entity)
all_of returns the first failure, any_of returns the last failure when
every branch fails.
Searching with a specification
A specification is a function of an entity, so the database can't run it. A spec that also
defines to_filter/1 can be used to find the entities that satisfy it, by translating it
to a DDD.Filter:
defmodule MyApp.Specs.Overdue do
  use DDD.Specification

  def check(%{due: due}, _opts), do: ...      # the in-memory rule

  @impl DDD.Specification
  def to_filter(_opts), do: {:due, {:lt, Date.utc_today()}}   # the same rule, as SQL
end

MyApp.TodoRepository.list(spec: DDD.Specification.all_of([Overdue, {Owned, owner: id}]))
all_of, any_of and not_spec translate to {:and, _}, {:or, _} and {:not, _}. Keep
check/2 and to_filter/1 in step; a test that runs both over the same rows is cheap.
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        Satisfied when at least one spec is satisfied.
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        Evaluate a spec against an entity.
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        Translate a spec to a DDD.Filter expression (see "Searching with a specification").
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          @type result() ::
  :ok | {:error, atom(), String.t()} | {:error, atom(), String.t(), map()}
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          @type spec() ::
  module()
  | {module(), keyword()}
  | {:all_of, [spec()]}
  | {:any_of, [spec()]}
  | {:not, spec()}
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The same rule as a DDD.Filter, so the database can search with it. Optional.
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Satisfied only when every spec is satisfied.
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          @spec any_of([spec()]) :: spec()


      


Satisfied when at least one spec is satisfied.
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          @spec evaluate(spec(), struct(), keyword()) :: :ok | {:error, DDD.Error.violation()}


      


Evaluate a spec against an entity.
Returns :ok or {:error, violation} where violation is
%{field, code, message, details}.
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Satisfied when the given spec is not.

  



  
    
      
    
    
      to_filter(spec, opts \\ [])
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Translate a spec to a DDD.Filter expression (see "Searching with a specification").
Raises ArgumentError for a spec module without to_filter/1: it can be checked in memory
but not searched for.
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The field types of entities, aggregates and value objects, and everything the framework
does with them: checking a value, storing it in Postgres, and writing it as JSON.
Scalars
	type	Elixir value	Postgres column
	:string	binary	varchar
	:text	binary	text
	:integer	integer	bigint
	:float	number	float
	:boolean	boolean	boolean
	:atom	atom	varchar (as a string)
	:uuid	UUID string	uuid
	:decimal	Decimal	numeric
	:date	Date	date
	:time	Time	time(6)
	:naive_datetime	NaiveDateTime	timestamp(6)
	:datetime	DateTime	timestamp(0)
	:datetime_usec	DateTime	timestamp(6)
	:binary	binary	bytea
	:map	map	jsonb
	:json	map or list	jsonb

Composite types
	{:array, type}: a list of type (a scalar, enum, reference, value object or map),
stored as a Postgres array, for example {:array, :string} for tags
	{:enum, [:open, :done]}: one of the listed atoms, stored as a string
	{:map, type}: a map with string keys and values of type, stored as jsonb
	{:ref, Aggregate}: the identity of another aggregate. The aggregates refer to each other
by id only. It has the type of that aggregate's identity
	{:one, Module} / {:list, Module}: nested entities or value objects, stored as jsonb
	:money: shorthand for {:one, DDD.Money}

A value that does not fit its type is a validation violation with the code :invalid_type.
nil is always accepted by the type (use required: true to forbid it).
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        The column type a migration uses for a field (what the snapshot records).
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        A field value as the value of its Ecto column.
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        The type of an aggregate's identity (what {:ref, Aggregate} holds).
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        A value as JSON-ready data (strings, numbers, booleans, lists, maps).
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        The inverse of json_dump/2.
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        A field value read from its Ecto column.
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        Check a declared type and expand its shorthands. Raises ArgumentError on an unknown type,
so a typo fails at compile time.
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        True when value fits type (nil always does).
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  atom()
  | {:array, t()}
  | {:enum, [atom()]}
  | {:map, t()}
  | {:ref, module()}
  | {:one, module()}
  | {:list, module()}
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          @spec column_type(t()) :: Ecto.Type.t()


      


The column type a migration uses for a field (what the snapshot records).
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          @spec describe(t()) :: String.t()


      


A short description of a type, for error messages.
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          @spec dump(t(), term()) :: term()


      


A field value as the value of its Ecto column.
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          @spec ecto_type(t()) :: Ecto.Type.t()


      


The Ecto type the adapter uses for a field.
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          @spec identity_type(module()) :: t()


      


The type of an aggregate's identity (what {:ref, Aggregate} holds).
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          @spec json_dump(t(), term()) :: term()


      


A value as JSON-ready data (strings, numbers, booleans, lists, maps).
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          @spec json_load(t(), term()) :: term()


      


The inverse of json_dump/2.
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          @spec load(t(), term()) :: term()


      


A field value read from its Ecto column.
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          @spec normalize!(term()) :: t()


      


Check a declared type and expand its shorthands. Raises ArgumentError on an unknown type,
so a typo fails at compile time.
iex> DDD.Type.normalize!(:money)
{:one, DDD.Money}
iex> DDD.Type.normalize!({:array, :string})
{:array, :string}
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          @spec valid?(t(), term()) :: boolean()


      


True when value fits type (nil always does).
iex> DDD.Type.valid?({:enum, [:open, :done]}, :open)
true
iex> DDD.Type.valid?({:enum, [:open, :done]}, :weird)
false
iex> DDD.Type.valid?({:array, :integer}, [1, 2])
true
iex> DDD.Type.valid?(:integer, nil)
true
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Behaviour and macros for Domain-Driven Design Value Objects.
Value objects are immutable, identity-less and defined entirely by their
attributes: two value objects with the same attributes are equal. They are
built only through new/1, which runs field rules and specification invariants.
Usage
defmodule MyApp.Money do
  use DDD.ValueObject

  value_object do
    field :amount,   :decimal, required: true
    field :currency, :string,  required: true

    validate :amount,   &(Decimal.compare(&1, 0) == :gt), message: "must be positive"
    validate :currency, &(String.length(&1) == 3),        message: "must be 3-letter ISO code"
  end
end

{:ok, money} = MyApp.Money.new(amount: Decimal.new("10.00"), currency: "USD")
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A command is the input of one use case, and it carries its own handler.
The command declares its fields (validated on construction) and implements execute/1:
load aggregates through repositories, call domain operations, save. It holds no business
logic itself; the rules live in entities, aggregates and specifications.
Usage
defmodule MyApp.Commands.PlaceOrder do
  use DDD.Command

  command do
    field :customer_id, :string, required: true
    field :items,       :list,   required: true
    field :notes,       :string, default: nil
  end

  @impl DDD.Command
  def execute(%__MODULE__{customer_id: customer_id, items: items}) do
    with {:ok, order} <- MyApp.Order.place(%{customer_id: customer_id}),
         {:ok, order} <- MyApp.Order.add_items(order, items) do
      MyApp.Infrastructure.OrderRepository.save(order)
    end
  end
end

MyApp.Commands.PlaceOrder.call(%{customer_id: "c1", items: [...]})
Running a command
	new/1 builds and validates the command: {:ok, command} or {:error, %DDD.Error{}}.
	call/1 takes a command struct or plain attrs (built with new/1 first), runs
execute/1, and returns its result. Any error comes back as a DDD.Error whose
context has :command set to the command module.
	call!/1 is call/1 that raises on failure.

Transactions
execute/1 runs in its own database transaction by default: {:ok, _} commits,
{:error, _} rolls back everything the handler did (every aggregate it saved, and their
outbox events), and an exception rolls back and propagates. The repositories' own
transactions join it.
use DDD.Command                              # default: transaction on the configured repo
use DDD.Command, repo: MyApp.Repo            # another repo
use DDD.Command, transaction: false          # no transaction (e.g. in-memory repositories)
Validation in new/1 happens before the transaction starts.
Retrying version conflicts
Aggregates are saved with optimistic locking: a save that lost against a concurrent one fails
with :stale_aggregate (an infrastructure error). retry_on_conflict: n re-runs the whole
command, on freshly loaded data, up to n more times before giving up:
use DDD.Command, retry_on_conflict: 3
A command called from inside an open transaction is never retried (the outer transaction is
already doomed), and neither is any other error.
Telemetry
Every run is a [:ddd, :command] span; see DDD.Telemetry.
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A small, safe filter language that becomes a SQL WHERE, for the listing functions of
DDD.Repository.Ecto adapters and DDD.Projections (list/1, page/1, slice/1,
count/1).
[owner_id: id, status: :open]                       # all of them (AND)
[open_count: {:gt, 3}]                              # a comparison
{:or, [[status: :open], [title: {:like, "Buy%"}]]}
{:not, [status: :done]}
[{:spec, MyApp.Specs.Overdue}]                      # a specification, see below
Forms (field is an atom, value is in its domain form: atoms, Dates, ids as strings):
	form	meaning
	{field, value}	equal (nil means IS NULL)
	{field, {op, value}} or {field, op, value}	op is :eq, :neq, :gt, :gte, :lt, :lte, :in, :not_in, :like, :ilike
	[filter, ...] or a keyword list or a map	every one of them
	{:and, [filter]}, {:or, [filter]}, {:not, filter}	combinators (so :and, :or, :not can't be field names here)
	{:spec, spec}	a DDD.Specification translated by DDD.Specification.to_filter/2

Values are never interpolated into SQL: they are bound parameters, converted with
DDD.Type.dump/2 the same way find_by_* does. An unknown field, an unknown operator or a
malformed expression is a business error with code :invalid_filter (so a filter built from a
client's request can be answered with it), never a crash or an injection.
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        Build the Ecto.Query.dynamic/2 for filter. types maps each field to its domain type
(%{title: :string, ...}); only those fields can be filtered on.
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          @spec build(term(), %{required(atom()) => term()}) ::
  {:ok, Ecto.Query.dynamic_expr()} | {:error, DDD.Error.t()}


      


Build the Ecto.Query.dynamic/2 for filter. types maps each field to its domain type
(%{title: :string, ...}); only those fields can be filtered on.
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The listing functions shared by repository adapters (DDD.Repository.Ecto) and projections
(DDD.Projection): list/1, page/1, slice/1 and count/1.
Options (all optional):
	:filter - a DDD.Filter expression
	:spec - a DDD.Specification (one that defines to_filter/1); combined with :filter
	:order - :title, {:desc, :title} or [desc: :created_at, asc: :title]. The primary
key is always added as the last tie-breaker, so the order is total and pages are stable.
Default: the primary key.
	list/1: :limit (default: all)
	page/1: :page (default 1), :page_size (default 20, at most 1000)
	slice/1: :limit (default 20, at most 1000), :after (a DDD.Slice's next_cursor)

Everything returns {:ok, result} or {:error, %DDD.Error{kind: :business}} with the code
:invalid_filter, :invalid_order, :invalid_page or :invalid_cursor: these options often
come straight from a client's request, so a bad one is an answer, not a crash.
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One numbered page of a listing, with the totals. Returned by page/1 on repository adapters
and projections:
{:ok, %DDD.Page{entries: lists, page: 2, page_size: 20, total_entries: 57, total_pages: 3}} =
  TodoListRepository.page(filter: [owner_id: id], order: [desc: :created_at], page: 2)
Counting makes this one extra query. For long or hot listings prefer DDD.Slice, which has no
totals and doesn't slow down on deep pages.
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  entries: [term()],
  page: pos_integer(),
  page_size: pos_integer(),
  total_entries: non_neg_integer(),
  total_pages: non_neg_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      has_next?(page)



        
          
        

    

  


  

      

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


      


True when a later page exists.
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True when an earlier page exists.
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The declared input of a use case: the fields, descriptions and validation that
DDD.Command and DDD.Query share.
command do
  description "Add an item to a todo list"

  field :list_id, :uuid, required: true, description: "The list to add to"
  field :title,   :string, required: true, description: "What needs doing"
  field :due_date, :date, description: "Optional; not in the past"
end
A field is field name, type, opts. The type is any DDD.Type. Options: required: true,
default: value and description: "...". new/1 reports every missing required field and
every value of the wrong type at once, as a DDD.Error with a violation per field.
The declaration is also readable by tools: __description__/0 and __params__/0
([{name, type, opts}]), which is how the MCP server builds a tool's input schema.
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A query is the input of one read use case, and it carries its own handler.
Like a DDD.Command it declares fields (validated on construction) and implements
execute/1, but it only reads: it never saves an aggregate or emits an event.
defmodule MyApp.Queries.OpenItems do
  use DDD.Query

  query do
    description "The items of a list that are not done yet"
    field :list_id, :uuid, required: true, description: "The list to read"
  end

  @impl DDD.Query
  def execute(%__MODULE__{list_id: id}) do
    with {:ok, list} <- MyApp.ListRepository.impl().find_by_id(id) do
      {:ok, for(item <- list.items, item.status == :open, do: %{id: item.id})}
    end
  end
end

MyApp.Queries.OpenItems.call(%{list_id: id})   # => {:ok, [%{id: ...}]}
new/1, call/1 and call!/1 work as for commands, and an error comes back as a
DDD.Error whose context has :query set to the query module.
Read-only transaction
execute/1 runs in a read-only database transaction by default. Postgres refuses any
write inside it, so "this cannot change data" is enforced by the database. The transaction
also gives the query one consistent snapshot, and it is always rolled back, never committed.
use DDD.Query                          # read-only transaction on the configured repo
use DDD.Query, repo: MyApp.Repo        # another repo
use DDD.Query, transaction: false      # no transaction (in-memory repositories, APIs)
A query called from inside an open transaction (for example from a command) joins it and
cannot make it read-only.
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DDD.Slice 
    



      
A window of a listing that continues from a cursor (keyset pagination). Returned by slice/1
on repository adapters and projections:
{:ok, slice} = ListSummary.slice(order: [asc: :title], limit: 20)
{:ok, next} = ListSummary.slice(order: [asc: :title], limit: 20, after: slice.next_cursor)
There is no OFFSET, so page 500 costs the same as page 1, and rows added or removed while
someone pages through don't shift what they see. next_cursor is nil on the last slice. A
cursor is opaque: it is only valid with the :order it came from, and the order's fields
should not be NULL (the primary key is always added as the last tie-breaker).
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        True when there is a slice after this one.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %DDD.Slice{
  entries: [term()],
  limit: pos_integer(),
  next_cursor: String.t() | nil
}
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          @spec has_next?(t()) :: boolean()


      


True when there is a slice after this one.

  


        

      


  

    
DDD.DomainEvent behaviour
    



      
Behaviour and macros for Domain Events.
Domain Events represent meaningful things that happened in the domain.
Named in past tense, they carry all data needed to understand the occurrence.
Usage
defmodule MyApp.Events.OrderPlaced do
  use DDD.DomainEvent

  domain_event do
    field :order_id,    :string
    field :customer_id, :string
  end
end

event = MyApp.Events.OrderPlaced.new(%{order_id: "123", customer_id: "c1"})
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DDD.EventBus 
    



      
Simple in-process pub/sub event bus.
In production replace with Phoenix.PubSub, Broadway, or a message broker.
Usage
DDD.EventBus.subscribe(MyApp.Events.OrderPlaced, MyApp.Handlers.SendEmail)
DDD.EventBus.publish(event)

defmodule MyApp.Handlers.SendEmail do
  def handle(%MyApp.Events.OrderPlaced{} = event) do
    MyApp.Mailer.send_confirmation(event.customer_id)
  end
end
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        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        handlers_for(event_module)

      


        Handler modules subscribed to an event type, in subscription order.



    


    
      
        init(state)

      


        Callback implementation for GenServer.init/1.



    


    
      
        publish(event)

      


        Publish a single domain event.



    


    
      
        publish_all(events)

      


        Publish a list of domain events.



    


    
      
        start_link(opts \\ [])

      


    


    
      
        subscribe(event_module, handler_module)

      


        Subscribe a handler module to an event type. Subscribing twice has no extra effect.
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        Remove a handler's subscription to an event type.
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Returns a specification to start this module under a supervisor.
See Supervisor.
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DDD.EventHandler behaviour
    



      
A handler for domain events delivered through the outbox.
defmodule MyApp.OnOrderPlaced do
  use DDD.EventHandler, events: [MyApp.Events.OrderPlaced]

  @impl DDD.EventHandler
  def handle(%MyApp.Events.OrderPlaced{} = event) do
    case MyApp.Commands.ReserveStock.call(%{order_id: event.aggregate_id}) do
      {:ok, _} -> :ok
      {:error, error} -> {:error, error}
    end
  end
end

MyApp.OnOrderPlaced.subscribe()
What handle/1 returns
	:ok (or {:ok, _}, or any other non-error value): the event was handled.
	{:error, reason}: it depends on the kind of the error.	A business error (%DDD.Error{kind: :business}, or any plain reason such as
:not_found) means the handler looked at the event and said no. That outcome is
deterministic, so it is recorded as rejected and never retried. It is not a dead
letter.
	An infrastructure error (%DDD.Error{kind: :infrastructure}, for example a
conflict or a failed transaction) is a temporary failure: the event is retried
with a backoff and dead-lettered if it keeps failing.


	An exception, throw or crash is unexpected: retried like an infrastructure error.

In both failure cases a transactional handler is rolled back, so it never leaves half of
its work behind.
Transactions and delivery guarantees
By default each delivery runs in its own database transaction together with a record in
event_deliveries that this handler processed this event. If the handler fails, everything
rolls back, including the record, and the event is retried later. If it succeeds, the handler
is never run again for that event, even when another handler of the same event failed and the
event is retried. For handlers that only write to our database that is effectively
exactly-once. Events a handler produces by saving aggregates commit with its work.
use DDD.EventHandler, events: [...]                      # transaction on the configured repo
use DDD.EventHandler, events: [...], repo: MyApp.Repo     # another repo
use DDD.EventHandler, events: [...], transaction: false   # no transaction
A handler with an effect a transaction can't roll back (sending an email, calling an API)
should use transaction: false. It is then delivered at least once: if the server stops
after the effect but before the delivery is recorded, it runs again, so it must tolerate that.
Handlers that don't use DDD.EventHandler (any module with handle/1) still work and are
delivered like transaction: false handlers.
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          @type result() :: :delivered | :skipped | {:rejected, term()} | {:error, term()}


      


	:delivered - the handler ran and succeeded
	:skipped - it had already processed (or rejected) this event
	{:rejected, reason} - a business error: recorded, never retried
	{:error, reason} - a failure to retry (infrastructure error, exception)
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          @callback handle(event :: struct()) :: :ok | {:ok, any()} | {:error, any()}
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          @spec deliver(module(), struct(), binary(), module()) :: result()


      


Deliver event (stored under event_id, the 16-byte outbox id) to handler.
fallback_repo is used for the delivery record of non-transactional handlers.

  


        

      


  

    
DDD.Outbox.DeadLetterHandler 
    



      
A supervised process that applies a DDD.Outbox.DeadLetterPolicy to dead-lettered events.
The database is the source of truth. The poller sends this process a best-effort notify/0
when it gives up on an event, but a message can be lost if the process is down. So the
process also sweeps for unresolved dead letters when it (re)starts and then periodically.
If it crashes and restarts, nothing is lost: unresolved dead letters are simply found again.
Dead letters are claimed with a lease and FOR UPDATE SKIP LOCKED, so with several nodes each
dead letter is handled once.
Options
	:repo              - (required) your Ecto.Repo
	:policy            - a DDD.Outbox.DeadLetterPolicy module (default
DDD.Outbox.DeadLetterPolicy.Default, which keeps everything)
	:sweep_interval_ms - how often to sweep (default 60_000)
	:batch_size        - dead letters per sweep (default 50)
	:lease_ms          - how long a claimed dead letter is reserved (default 30_000)

Each can also be set under config :vicander, :dead_letters; an option passed here wins.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        notify()

      


        Ask the handler to sweep now. A no-op when the process is not running.



    


    
      
        start_link(opts)

      


    


    
      
        sweep_now()

      


        Sweep now and return how many dead letters were handled (useful in tests).
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Returns a specification to start this module under a supervisor.
See Supervisor.
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DDD.Outbox.DeadLetterPolicy behaviour
    



      
Decides what to do with a dead-lettered event.
defmodule MyApp.DeadLetterPolicy do
  @behaviour DDD.Outbox.DeadLetterPolicy

  @impl true
  def handle(%{event_type: "MyApp.Events.OrderPlaced"}), do: :replay
  def handle(_dead_letter), do: :keep
end
handle/1 receives a map with :id, :event_type, :aggregate_type, :aggregate_id,
:payload, :attempts, :last_error, :failed_at and :replays, and returns:
	:keep    - acknowledge it and leave it dead-lettered
	:replay  - make the poller retry it from scratch
	:discard - resolve it as discarded
	:later   - decide on a later sweep (it stays unresolved)

A policy that raises is logged and treated as :later, so it can never crash the handler.
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          @callback handle(dead_letter :: map()) :: :keep | :replay | :discard | :later


      



  


        

      


  

    
DDD.Outbox.DeadLetterPolicy.Default 
    



      
The recommended default: keep every dead letter. The failure has already been logged at
error level and emitted as a [:ddd, :outbox, :dead_letter] telemetry event, so someone
looks at it and replays it by hand (mix vic.outbox.replay).
A dead letter means a handler failed repeatedly, usually because of a bug or bad data, so
replaying it automatically before anyone has looked at it mostly repeats the failure.
Automatic replay is opt-in, for transient causes such as an outage longer than the retries:
config :vicander, :dead_letters,
  max_replays: 3,             # replay each dead letter at most this many times (default 0)
  replay_cooldown_ms: 60_000  # wait this long after it died before replaying (default 1 min)
After max_replays replays it is kept.

      




  

    
DDD.Outbox.DeadLetters 
    



      
Inspect and resolve dead-lettered outbox events.
An event is dead-lettered when delivery kept failing (an infrastructure error, an exception,
an event type that can't be resolved) and the poller ran out of retries. Business rejections
are not dead letters: they are recorded as rejected in event_deliveries.
A dead letter is unresolved until someone decides what to do with it:
	replay/2  - clear the failure state; the poller retries it. Handlers that already
succeeded for the event are skipped.
	keep/2    - acknowledge it and leave it dead-lettered (nothing more will happen).
	discard/2 - drop it for good.

DDD.Outbox.DeadLetterHandler applies a policy to new dead letters automatically; the
mix vic.outbox.* tasks call these functions for manual work.
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        discard(repo, id)

      


        Resolve the dead letter as discarded.



    


    
      
        get(repo, id)

      


        One dead letter by its UUID string, or nil.



    


    
      
        keep(repo, id)

      


        Acknowledge the dead letter and leave it as it is.



    


    
      
        list(repo, opts \\ [])

      


        Dead letters, oldest first. Only unresolved ones unless all: true. limit: defaults to 100.



    


    
      
        replay(repo, id)

      


        Make the poller retry the event from scratch. Counts in replays.
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        Replay every unresolved dead letter. Returns how many were replayed.



    





      


      
        Types


        


  
    
      
    
    
      dead_letter()



        
          
        

    

  


  

      

          @type dead_letter() :: %{
  id: String.t(),
  event_type: String.t(),
  aggregate_type: String.t(),
  aggregate_id: String.t(),
  payload: map(),
  attempts: non_neg_integer(),
  last_error: String.t() | nil,
  failed_at: DateTime.t(),
  resolution: String.t() | nil,
  resolved_at: DateTime.t() | nil,
  replays: non_neg_integer()
}
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          @spec discard(module(), String.t()) :: :ok | {:error, :not_found}


      


Resolve the dead letter as discarded.
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          @spec get(module(), String.t()) :: dead_letter() | nil


      


One dead letter by its UUID string, or nil.
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          @spec keep(module(), String.t()) :: :ok | {:error, :not_found}


      


Acknowledge the dead letter and leave it as it is.
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          @spec list(module(), keyword()) :: [dead_letter()]


      


Dead letters, oldest first. Only unresolved ones unless all: true. limit: defaults to 100.
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          @spec replay(module(), String.t()) :: :ok | {:error, :not_found}


      


Make the poller retry the event from scratch. Counts in replays.
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          @spec replay_all(module()) :: non_neg_integer()


      


Replay every unresolved dead letter. Returns how many were replayed.

  


        

      


  

    
DDD.Outbox.Delivery 
    



      
A row of event_deliveries: which handler already processed which event, and how.

      




  

    
DDD.Outbox.Event 
    



      
A row of the domain_events outbox table (see mix vic.gen.outbox_migration).
An Ecto schema so that the framework's queries run on any adapter: the adapter dumps ids and
timestamps, and the framework writes no SQL of its own for them. id is the UUID string.
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        The fields of an event as the poller and the projections read them.
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The fields of an event as the poller and the projections read them.

  


        

      


  

    
DDD.Outbox.Poller 
    



      
GenServer that delivers the events in the domain_events outbox table to their handlers.
Events are written in the same transaction as the aggregate that produced them (see
DDD.Repository.Ecto). The poller then delivers each one to every handler subscribed on
DDD.EventBus (see DDD.EventHandler):
	Claim. A batch of due events is claimed with a lease (locked_until) using
FOR UPDATE SKIP LOCKED, so several pollers or nodes never take the same event.
	Deliver. Handlers run synchronously, each in its own transaction by default,
together with a record in event_deliveries. A handler that already succeeded for this
event is skipped.
	Mark. The event is marked published when every handler succeeded or rejected it
(a business error is a recorded rejection, never retried). A system failure
(infrastructure error, exception) is retried after a backoff, and after :max_retries
retries the event is dead-lettered (failed_at is set, it is no longer claimed, and a
[:ddd, :outbox, :dead_letter] telemetry event is emitted).

The attempt is counted when the event is claimed, so an attempt that kills the VM still uses
one up. If the server stops mid-delivery, the lease expires and another poll picks the event
up again; handlers that had already succeeded are not re-run.
Supervision tree setup
children = [
  MyApp.Repo,
  DDD.EventBus,
  {DDD.Outbox.Poller, repo: MyApp.Repo, interval_ms: 500, batch_size: 100}
]
Subscribe the handlers before the poller starts (an event with no subscribed handler is
marked published straight away).
Options
	:repo         — (required) your Ecto.Repo
	:interval_ms  — poll interval in ms (default: 500)
	:batch_size   — events claimed per poll (default: 100)
	:event_bus    — module with handlers_for/1 (default: DDD.EventBus)
	:lease_ms     — how long a claimed event is reserved (default: 30_000)
	:max_retries  — retries after the first attempt before dead-lettering (default: 10,
so 11 attempts)
	:backoff_ms   — fn retry -> ms end, the wait before retry number retry
(default: exponential, 1s doubling up to 5 minutes)

:max_retries and the default backoff can also be set for the whole app, and an option
passed here wins over it:
config :vicander, :outbox, max_retries: 10, backoff_base_ms: 1_000, backoff_max_ms: 300_000
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        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        poll_now()

      


        Run a poll cycle now and return the number of events claimed (useful in tests).



    


    
      
        start_link(opts)

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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



      
Prunes the outbox on a timer (DDD.Outbox.Retention). Started by DDD.Supervisor when it is
given retention: [older_than_days: 30]; :every_ms sets how often (default: hourly).
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        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        prune_now()

      


        Prune now and return the result (useful in tests).
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Returns a specification to start this module under a supervisor.
See Supervisor.
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Prune now and return the result (useful in tests).
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DDD.Outbox.Retention 
    



      
Deleting old events from the outbox, so domain_events doesn't grow forever.
DDD.Outbox.Retention.prune(MyApp.Repo, older_than_days: 30)
# => {:ok, %{deleted: 1204}}
Or from the command line: mix vic.outbox.prune --older-than-days 30. To prune on a schedule,
give the supervisor retention: [older_than_days: 30] (see DDD.Supervisor) or call
prune/2 from your own scheduler.
What is deleted, once it is older than the limit:
	events that were published (every handler succeeded or rejected them), together with
their delivery records
	dead letters that were resolved (discarded or replayed)

What is never deleted: events still waiting, events being retried, and dead letters nobody has
resolved.
Pruning is a choice with a cost. A projection's rebuild/0 replays the events in this
table; once the old ones are gone, a rebuild can only rebuild from what is left. Prune after
the longest history you are willing to rebuild from, or archive the table first.
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        Delete old events. Options
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          @spec prune(module(), keyword()) :: {:ok, %{deleted: non_neg_integer()}}


      


Delete old events. Options:
	:older_than_days - (required) how old, in days, an event must be. There is no default:
deleting is not something to do by accident.
	:batch - rows deleted per statement (default 5000), so a big backlog doesn't hold
long locks

Returns {:ok, %{deleted: count}}.

  


        

      


  

    
DDD.Supervisor 
    



      
Starts what the framework needs at runtime, in the right order: the event bus, the handler
subscriptions, the outbox poller and the dead-letter handler. Put it in your supervision tree
after your repo:
children = [
  MyApp.Repo,
  {DDD.Supervisor, handlers: [MyApp.Handlers.SendWelcome, MyApp.Projections.ListSummary]}
]
The repo is config :vicander, repo: MyApp.Repo (see DDD.Config).
Options
	:handlers - the event handlers and projections (modules that use DDD.EventHandler or
DDD.Projection) to subscribe. They are subscribed before the poller starts, because an
event with no subscribed handler counts as delivered. Default: none.
	:poller - options for DDD.Outbox.Poller (:interval_ms, :batch_size, ...), or
false for no poller and no dead-letter handler: what a test or a web-only node wants.
Default: [], which polls every 500 ms in batches of 100.
	:retention - [older_than_days: 30] (and optionally :every_ms) to prune published
events from the outbox on a timer (DDD.Outbox.Retention). Default: never prune.
	:repo - another repo than the configured one
	:name - the supervisor's name (default DDD.Supervisor)

If the event bus restarts, it forgets its subscriptions, so the supervisor restarts everything
after it (the subscriptions and the poller) too.
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        Returns a specification to start this module under a supervisor.
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Returns a specification to start this module under a supervisor.
See Supervisor.
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          @spec start_link(keyword()) :: Supervisor.on_start()


      



  


        

      


  

    
DDD.InMemoryRepository 
    



      
Generic in-memory repository adapter. Ideal for tests.
Usage
defmodule MyApp.Test.OrderRepository do
  use DDD.InMemoryRepository,
    port: MyApp.OrderRepository
end
Entities are stored under DDD.Identity.key/1: the identity field's value, or the identity
string for a composite identity (the argument of find_by_id/1).
{:ok, _} = MyApp.Test.OrderRepository.start_link()

      




  

    
DDD.Migration 
    



      
Snapshot-based migration generation for aggregates stored by DDD.Repository.Ecto.
generate/2 compares an aggregate's current columns with the snapshot saved by the
previous run and writes a new timestamped migration containing only the difference
(create table the first time). Nothing already generated is overwritten.
Safeguards:
	Removing a column or changing its type loses data, so it is refused unless
allow_destructive: true (--allow-destructive on the Mix task).
	A rename must be explicit: renames: %{"old" => "new"} (--rename old:new) or
field :name, :string, renamed_from: :old_name on the field. Otherwise it is a
remove plus an add.
	Edits inside a nested jsonb entity do not change columns. Old rows keep the old
shape; the serializer fills defaults for missing keys when loading.

drift/3 compares an aggregate with the real table columns, for use in a test.
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        columns(aggregate)

      


        Columns the Ecto adapter maps an aggregate to (created_at / updated_at included).



    


    
      
        custom_schema_adapters(aggregate, modules)

      


        The adapter(s) among modules that store aggregate, as DDD.Repository.Ecto records them.
mix vic.gen.migration skips an aggregate whose adapters all use a schema you own.



    


    
      
        declared_renames(aggregate)

      


        Renames declared on fields with renamed_from:, as %{old => new}.



    


    
      
        default_table(aggregate)

      


        Default table name for an aggregate (matches DDD.Repository.Ecto).



    


    
      
        destructive?(map)

      


        True when applying the diff can lose data.



    


    
      
        diff(old, new, renames \\ %{})

      


        Diff two column lists.



    


    
      
        drift(aggregate, table, repo)

      


        Compare an aggregate's columns with the real table. Returns :ok or
{:error, %{missing_in_db: [...], extra_in_db: [...]}}.



    


    
      
        empty?(arg1)

      


        True when the diff changes nothing.



    


    
      
        generate(aggregate, opts \\ [])

      


        Generate the migration for aggregate.



    


    
      
        identity(aggregate)

      


        The names of the identity fields (["id"], or the parts of a composite identity).



    


    
      
        schema_drift(adapter, renames \\ %{})

      


        Compare an aggregate with the Ecto schema you wired it to (schema: on DDD.Repository.Ecto).
Report only: nothing is written. Returns :ok or
{:error, %{missing_in_schema: [...], extra_in_schema: [...]}}.



    


    
      
        table_drift(adapter)

      


        Compare the Ecto schema an adapter was wired to with the real table (schema: on
DDD.Repository.Ecto; the table is the schema's). Report only. Returns :ok or
{:error, %{missing_in_db: [...], extra_in_db: [...]}}. Needs the database; for a test.
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          @type column() :: %{required(String.t()) => String.t() | boolean()}
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          @spec columns(module()) :: [column()]


      


Columns the Ecto adapter maps an aggregate to (created_at / updated_at included).
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          @spec custom_schema_adapters(module(), [module()]) :: [map()]


      


The adapter(s) among modules that store aggregate, as DDD.Repository.Ecto records them.
mix vic.gen.migration skips an aggregate whose adapters all use a schema you own.
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          @spec declared_renames(module()) :: %{required(String.t()) => String.t()}


      


Renames declared on fields with renamed_from:, as %{old => new}.

  



  
    
      
    
    
      default_table(aggregate)



        
          
        

    

  


  

      

          @spec default_table(module()) :: String.t()


      


Default table name for an aggregate (matches DDD.Repository.Ecto).

  



  
    
      
    
    
      destructive?(map)



        
          
        

    

  


  

      

          @spec destructive?(map()) :: boolean()


      


True when applying the diff can lose data.

  



    

  
    
      
    
    
      diff(old, new, renames \\ %{})



        
          
        

    

  


  

      

          @spec diff([column()], [column()], %{required(String.t()) => String.t()}) :: map()


      


Diff two column lists.
Returns %{added: [column], removed: [column], renamed: [{old, new}], changed: [{name, old_type, new_type}]}.

  



  
    
      
    
    
      drift(aggregate, table, repo)



        
          
        

    

  


  

      

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


      


Compare an aggregate's columns with the real table. Returns :ok or
{:error, %{missing_in_db: [...], extra_in_db: [...]}}.

  



  
    
      
    
    
      empty?(arg1)



        
          
        

    

  


  

      

          @spec empty?(map()) :: boolean()


      


True when the diff changes nothing.

  



    

  
    
      
    
    
      generate(aggregate, opts \\ [])



        
          
        

    

  


  

      

          @spec generate(module(), keyword()) :: {:ok, :unchanged | Path.t()} | {:error, term()}


      


Generate the migration for aggregate.
Options: :table, :snapshot_dir (default priv/ddd_snapshots), :migrations_path
(default priv/repo/migrations), :repo (default: the configured repo), :renames,
:allow_destructive, :timestamp.
Returns {:ok, :unchanged}, {:ok, migration_path} or {:error, reason}.

  



  
    
      
    
    
      identity(aggregate)



        
          
        

    

  


  

      

          @spec identity(module()) :: [String.t()]


      


The names of the identity fields (["id"], or the parts of a composite identity).

  



    

  
    
      
    
    
      schema_drift(adapter, renames \\ %{})



        
          
        

    

  


  

      

          @spec schema_drift(module(), %{required(String.t()) => String.t()}) ::
  :ok | {:error, map()}


      


Compare an aggregate with the Ecto schema you wired it to (schema: on DDD.Repository.Ecto).
Report only: nothing is written. Returns :ok or
{:error, %{missing_in_schema: [...], extra_in_schema: [...]}}.
renames is %{"aggregate_field" => "schema_field"} for the fields your to_domain/1 and
from_domain/1 map by hand. An adapter with a generated schema is always :ok.

  



  
    
      
    
    
      table_drift(adapter)



        
          
        

    

  


  

      

          @spec table_drift(module()) :: :ok | {:error, map()}


      


Compare the Ecto schema an adapter was wired to with the real table (schema: on
DDD.Repository.Ecto; the table is the schema's). Report only. Returns :ok or
{:error, %{missing_in_db: [...], extra_in_db: [...]}}. Needs the database; for a test.

  


        

      


  

    
DDD.Projection 
    



      
A read model: a denormalized table kept up to date by domain events.
Queries read the table directly instead of loading and folding whole aggregates. A projection
is an event handler (DDD.EventHandler), so it is fed by the outbox and inherits its
guarantees: each event is applied in its own transaction together with the delivery record,
so a retry or a duplicate delivery never counts an event twice.
defmodule MyApp.Projections.ListSummary do
  use DDD.Projection,
    table: "todo_list_summaries",
    key: :list_id,
    events: [ListCreated, ItemAdded, ItemCompleted, ItemRemoved]

  projection do
    description "One row per list: title, owner, open and done counts"
    field :list_id, :uuid
    field :owner_id, :uuid
    field :title, :string
    field :open_count, :integer, default: 0
    field :done_count, :integer, default: 0
  end

  on %ListCreated{} = e, do: {:upsert, %{owner_id: e.owner_id, title: e.title}}
  on %ItemAdded{}, do: {:inc, :open_count, 1}
  on %ItemCompleted{}, do: {:inc, open_count: -1, done_count: 1}
  on %ItemRemoved{}, do: {:inc, :open_count, -1}
end

MyApp.Projections.ListSummary.subscribe()      # before the outbox poller starts
Options
	:table - the table (required)
	:key - the field that is the primary key, one row per key (required)
	:events - the event modules the projection reacts to (required)
	:repo - default: the configured repo (config :vicander, repo: MyApp.Repo)
	:key_from - the event field holding the key, default :aggregate_id, which is right
when the projection is one row per aggregate

What an on clause returns
on matches an event like a function head, and returns what to do to the row of that event's
key (a list of these is applied in order):
	return	effect
	{:upsert, %{field: value}}	create the row (with the field defaults), or set these fields
	{:update, %{field: value}}	set these fields; nothing if there is no row
	{:inc, :field, n} / {:inc, field: n, other: m}	add n to numeric fields, creating the row if needed
	:delete	delete the row
	:skip	do nothing
	{:error, reason}	like any handler: a business error is a rejection, an infrastructure error is retried

An event the projection lists but has no on clause for is skipped.
The table
mix vic.gen.migration MyApp.Projections.ListSummary writes the migration, like for an
aggregate (the key is the primary key). Apply new fields the same way.
Reading
The module gets get/1 ({:ok, map} or {:error, :not_found}), and the listing functions
list/1, page/1, slice/1, count/1 with filters, ordering and cursors (see
DDD.Listing). Rows come back as plain maps with the declared fields.
{:ok, page} = ListSummary.page(filter: [owner_id: id, open_count: {:gt, 0}], order: :title)
A projection is eventually consistent. Decisions belong to the aggregate; never base a
business rule on a projection.
Operating it
	lag/0 - how many events are waiting for this projection and how long the oldest has
waited (DDD.Health and DDD.Telemetry report it).
	rebuild/0 - empty the table and replay every stored event into it, in order. Use it
after fixing a projection, or after adding one for events that already happened. It needs
the events to still be in domain_events. Readers see the table fill up again while it
runs, so run it in a quiet period; run it again if it is interrupted. mix vic.projection.rebuild runs it from the command line.


      


      
        Summary


  
    Functions
  


    
      
        description(text)

      


        Describe the projection in a sentence.



    


    
      
        field(name, type, opts \\ [])

      


        A column of the projection table. Options: :default, :description.



    


    
      
        on(pattern, list)

      


        What to do to a row when an event matching pattern arrives (see the module docs).



    


    
      
        projection(list)

      


        Declares the projection's fields. description and field go inside.



    





      


      
        Functions


        


  
    
      
    
    
      description(text)


        (macro)


        
          
        

    

  


  

Describe the projection in a sentence.

  



    

  
    
      
    
    
      field(name, type, opts \\ [])


        (macro)


        
          
        

    

  


  

A column of the projection table. Options: :default, :description.

  



  
    
      
    
    
      on(pattern, list)


        (macro)


        
          
        

    

  


  

What to do to a row when an event matching pattern arrives (see the module docs).

  



  
    
      
    
    
      projection(list)


        (macro)


        
          
        

    

  


  

Declares the projection's fields. description and field go inside.

  


        

      


  

    
DDD.Repository behaviour
    



      
Port (interface) for DDD Repositories.
Declares base callbacks and domain-specific queries via find_by.
The infrastructure layer provides the concrete Ecto adapter.
Usage
defmodule MyApp.OrderRepository do
  use DDD.Repository

  repo MyApp.Order do
    find_by :customer_id
    find_by :status
    find_by [:customer_id, :status]
  end
end
Generated callbacks:
find_by_id/1
save/1
delete/1
find_by_customer_id/1
find_by_status/1
find_by_customer_id_and_status/2

      


      
        Summary


  
    Callbacks
  


    
      
        delete(aggregate)

      


    


    
      
        find_by_id(id)

      


    


    
      
        save(aggregate)

      


    





  
    Functions
  


    
      
        find_by(fields)

      


    


    
      
        repo(aggregate_module, list)

      


    





      


      
        Callbacks


        


  
    
      
    
    
      delete(aggregate)



        
          
        

    

  


  

      

          @callback delete(aggregate :: struct()) :: :ok | {:error, any()}


      



  



  
    
      
    
    
      find_by_id(id)



        
          
        

    

  


  

      

          @callback find_by_id(id :: any()) :: {:ok, struct()} | {:error, :not_found}


      



  



  
    
      
    
    
      save(aggregate)



        
          
        

    

  


  

      

          @callback save(aggregate :: struct()) :: {:ok, struct()} | {:error, any()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      find_by(fields)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      repo(aggregate_module, list)


        (macro)


        
          
        

    

  


  


  


        

      


  

    
DDD.Repository.Ecto 
    



      
Auto-generates a full Ecto repository adapter from a DDD.Repository port.
Reads aggregate field metadata and port find_by declarations to generate:
	Embedded Ecto schema (no separate schema module needed)
	find_by_id/1
	save/1  — aggregate upsert + outbox event inserts in ONE transaction
	delete/1
	find_by_<field>/1 for every find_by on the port
	to_domain/1 and from_domain/1

The whole aggregate is one row. Nested entities ({:list, Entity} / {:one, Entity})
are stored as jsonb and rebuilt into sealed structs on load; keys missing from
old rows take the field default.
save/1 refuses structs that are not sealed (DDD.Error with code :unsealed).
Usage
defmodule MyApp.Infrastructure.OrderRepository do
  use DDD.Repository.Ecto,
    port:  MyApp.OrderRepository,
    repo:  MyApp.Repo,
    table: "orders"

  # Custom queries use schema() and repo() helpers
  def find_recent(limit \\ 10) do
    import Ecto.Query
    from(o in schema(), order_by: [desc: o.created_at], limit: ^limit)
    |> repo().all()
    |> Enum.map(&to_domain/1)
  end
end
Your own schema
To store an aggregate in a table you already have, pass the Ecto schema that maps it:
use DDD.Repository.Ecto,
  port:   MyApp.OrderRepository,
  repo:   MyApp.Repo,
  schema: MyApp.Infra.OrderRecord       # instead of `table:`; giving both is an error
Each aggregate field is read from, and written to, the schema field of the same name (through
DDD.Type). For anything else override to_domain/1 and from_domain/1; the two-argument
versions take the values for the fields that differ, so the rest stays by name:
def to_domain(record), do: to_domain(record, customer_id: record.cust_ref)
def from_domain(order), do: from_domain(order, cust_ref: order.customer_id)
The save is the framework's: your schema's changeset/2 is never called, and the upsert,
the optimistic lock and the outbox insert stay in one transaction. The schema must have a
:version field, the aggregate's identity as primary key (an :identity string column for a
composite one), and DDD.Type.Json for nested entities, lists and maps
(see DDD.Type.ecto_type/1). It is checked when the adapter is compiled; overriding
to_domain/1 or from_domain/1 turns off the by-name checks (unmapped fields, JSON types).
You own the table: mix vic.gen.migration skips the aggregate, and
DDD.Migration.schema_drift/2 / DDD.Migration.table_drift/1 report a mismatch for a test.
Migrations
mix vic.gen.migration MyApp.Order generates and diffs table migrations;
mix vic.gen.outbox_migration creates the outbox table.

      


      
        Summary


  
    Functions
  


    
      
        ecto_type(type)

      


        Ecto type for a domain field type (see DDD.Type).



    


    
      
        schema_problems(aggregate, schema, arg, overridden?)

      


        What is wrong with schema as the storage of aggregate, as a list of messages (empty: fine).



    





      


      
        Functions


        


  
    
      
    
    
      ecto_type(type)



        
          
        

    

  


  

Ecto type for a domain field type (see DDD.Type).

  



  
    
      
    
    
      schema_problems(aggregate, schema, arg, overridden?)



        
          
        

    

  


  

      

          @spec schema_problems(module(), module(), {atom(), Ecto.Type.t()}, boolean()) :: [
  String.t()
]


      


What is wrong with schema as the storage of aggregate, as a list of messages (empty: fine).
pk is the {field, ecto_type} the aggregate's identity needs. With overridden? (you
wrote to_domain/1 or from_domain/1) the by-name mapping is yours, so unmapped fields and
JSON column types are not checked; the primary key and the :version column always are.

  


        

      


  

    
DDD.Serializer 
    



      
Converts nested entities to JSON-ready maps and back.
Used by DDD.Type to store {:list, Entity}, {:one, ValueObject} and the other nested
field types in a jsonb column. load/2 fills defaults for keys missing from old rows and
seals the rebuilt struct (the data is trusted, it came from the store).

      


      
        Summary


  
    Functions
  


    
      
        dump(struct)

      


        Dump a struct to a map with string keys.



    


    
      
        dump_value(type, value)

      


        Dump a value of the given field type to a JSON-ready term.



    


    
      
        load(module, map)

      


        Rebuild a sealed struct of module from a dumped map (string or atom keys).



    


    
      
        load_value(type, value)

      


        Load a value of the given field type from its dumped form.



    





      


      
        Functions


        


  
    
      
    
    
      dump(struct)



        
          
        

    

  


  

      

          @spec dump(struct()) :: map()


      


Dump a struct to a map with string keys.

  



  
    
      
    
    
      dump_value(type, value)



        
          
        

    

  


  

      

          @spec dump_value(term(), term()) :: term()


      


Dump a value of the given field type to a JSON-ready term.

  



  
    
      
    
    
      load(module, map)



        
          
        

    

  


  

      

          @spec load(module(), map()) :: struct()


      


Rebuild a sealed struct of module from a dumped map (string or atom keys).

  



  
    
      
    
    
      load_value(type, value)



        
          
        

    

  


  

      

          @spec load_value(term(), term()) :: term()


      


Load a value of the given field type from its dumped form.

  


        

      


  

    
DDD.MCP 
    



      
The application as a Model Context Protocol server: an AI
client can call its commands and queries as tools and read its aggregates as resources.
This module is the protocol core. It takes one decoded JSON-RPC message and returns the reply,
so a transport (DDD.MCP.Stdio, or an HTTP Plug later) only moves JSON. Use it through a
server module (DDD.MCP.Server).
What is exposed
	Tools. Each listed command and query is a tool. Its input schema is built from the
command's fields (DDD.MCP.Schema), its description from description "...". Queries are
marked readOnlyHint: true.
	Resources. Each listed aggregate is read-only: name://<identity> reads one, and
name://by/<field>/<value> runs a find_by the repository port declares (at most 100
results). resources/list is empty on purpose: a client is never handed a whole table.

What a client is told about failures
A business error (validation, not found, a precondition) is returned with its code,
message and violations, so the client can correct itself. An infrastructure error is a
generic "the operation failed" and the details only go to the log. A malformed request gets a
JSON-RPC error saying what was wrong.
A read-only server refuses every command tool. An :authorize function is called before
every tool call and resource read and may refuse it.

      


      
        Summary


  
    Functions
  


    
      
        handle(registry, message)

      


        Handle one decoded JSON-RPC message: {:reply, response} or :noreply (notifications).



    


    
      
        parse_error()

      


        A parse-error response, for a transport that received text that is not JSON.



    





      


      
        Functions


        


  
    
      
    
    
      handle(registry, message)



        
          
        

    

  


  

      

          @spec handle(DDD.MCP.Registry.t(), term()) :: {:reply, map()} | :noreply


      


Handle one decoded JSON-RPC message: {:reply, response} or :noreply (notifications).

  



  
    
      
    
    
      parse_error()



        
          
        

    

  


  

A parse-error response, for a transport that received text that is not JSON.

  


        

      


  

    
DDD.MCP.Args 
    



      
Turns the JSON arguments of a tool call into the typed attributes of a command or query.
Strings become dates, decimals, enum atoms and so on through DDD.Type. Nested entities and
value objects are built with their own new/1, so their rules run: a client can never hand
the application a nested struct that skipped validation. Atoms are never created from input.

      


      
        Summary


  
    Functions
  


    
      
        cast(module, args)

      


        Cast the string-keyed args for the parameters of module (a command or query).



    


    
      
        from_string(type, string)

      


        Cast one value of a URI (always a string) to the field type: "5" for an integer field,
"2030-01-02" for a date.



    





      


      
        Functions


        


  
    
      
    
    
      cast(module, args)



        
          
        

    

  


  

      

          @spec cast(module(), map()) :: {:ok, map()} | {:error, DDD.Error.t()}


      


Cast the string-keyed args for the parameters of module (a command or query).
Returns {:ok, attrs} or {:error, %DDD.Error{}} listing every argument that could not be
converted. A null argument counts as absent.

  



  
    
      
    
    
      from_string(type, string)



        
          
        

    

  


  

      

          @spec from_string(DDD.Type.t(), String.t()) :: {:ok, term()} | :error


      


Cast one value of a URI (always a string) to the field type: "5" for an integer field,
"2030-01-02" for a date.

  


        

      


  

    
DDD.MCP.Json 
    



      
Turns the result of a command, query or repository lookup into JSON.
Domain structs (aggregates, entities, value objects) are written with DDD.Serializer, so
every field type has its JSON form (decimals and dates as text, enums as strings, nested
entities as objects). Everything else is converted structurally. All fields are shown: a
query that must hide something returns a map it built itself.

      


      
        Summary


  
    Functions
  


    
      
        encode(value)

      


        The JSON text of value.



    


    
      
        prepare(value)

      


        A JSON-ready term (maps with string keys, lists, strings, numbers, booleans, nil).



    





      


      
        Functions


        


  
    
      
    
    
      encode(value)



        
          
        

    

  


  

      

          @spec encode(term()) :: String.t()


      


The JSON text of value.

  



  
    
      
    
    
      prepare(value)



        
          
        

    

  


  

      

          @spec prepare(term()) :: term()


      


A JSON-ready term (maps with string keys, lists, strings, numbers, booleans, nil).

  


        

      


  

    
DDD.MCP.Registry 
    



      
What an MCP server exposes, checked once when the server is built.
build!/2 turns the options of use DDD.MCP.Server into tools (commands and queries) and
resources (aggregates). It raises ArgumentError for anything that would reach a client
broken: an exposed module without a description, two tools with the same name, an entity with
no repository.

      


      
        Summary


  
    Types
  


    
      
        entity()

      


    


    
      
        t()

      


    


    
      
        tool()

      


    





  
    Functions
  


    
      
        build!(server, opts)

      


    





      


      
        Types


        


  
    
      
    
    
      entity()



        
          
        

    

  


  

      

          @type entity() :: %{
  name: String.t(),
  aggregate: module(),
  port: module(),
  description: String.t(),
  lookups: [[atom()]]
}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %DDD.MCP.Registry{
  authorize: term(),
  instructions: term(),
  name: term(),
  read_only: term(),
  repos: term(),
  tools: term(),
  version: term()
}


      



  



  
    
      
    
    
      tool()



        
          
        

    

  


  

      

          @type tool() :: %{
  name: String.t(),
  module: module(),
  kind: :command | :query,
  description: String.t(),
  input_schema: map(),
  params: [String.t()]
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      build!(server, opts)



        
          
        

    

  


  

      

          @spec build!(module(), keyword()) :: t()


      



  


        

      


  

    
DDD.MCP.Schema 
    



      
JSON Schema for the input of a command or query, built from its declared fields.
The type of each field becomes the schema of the parameter, description: its description,
required: true puts it in required, and a default: is advertised. This is what an AI
client reads to know how to call the tool.

      


      
        Summary


  
    Functions
  


    
      
        input(module)

      


        The JSON Schema (type: object) for the parameters of a command or query module.



    


    
      
        type(type, depth \\ 4)

      


        The JSON Schema of a DDD.Type.



    





      


      
        Functions


        


  
    
      
    
    
      input(module)



        
          
        

    

  


  

      

          @spec input(module()) :: map()


      


The JSON Schema (type: object) for the parameters of a command or query module.

  



    

  
    
      
    
    
      type(type, depth \\ 4)



        
          
        

    

  


  

      

          @spec type(DDD.Type.t(), non_neg_integer()) :: map()


      


The JSON Schema of a DDD.Type.

  


        

      


  

    
DDD.MCP.Server 
    



      
Declares which commands, queries and aggregates an application offers over MCP.
defmodule MyApp.Interface.MCP do
  use DDD.MCP.Server,
    instructions: "Manage todo lists.",
    commands: [MyApp.Commands.CreateList, {MyApp.Commands.RenameItem, name: "rename_todo"}],
    queries: [MyApp.Queries.OpenItems],
    repos: [MyApp.TodoList.Repository],
    read_only: false,
    authorize: &MyApp.MCPPolicy.authorize/2
end
Nothing is exposed unless it is listed here, and the commands and entities themselves know
nothing about MCP. The level of access is what you list: a server with only queries: and
repos: can only read.
	commands: and queries: become tools. A module is listed alone, or as
{Module, name: "tool_name"}. The default name is the last module segment in snake case.
	repos: become read-only resources, one per repository. List the repository port (it says which aggregate
and which find_by lookups exist), or {Aggregate, repository: Port}. The port must
define impl/0.
	read_only: true refuses every command tool.
	authorize: is a function (name, arguments) -> :ok | {:error, reason} called before
each tool call (with the tool's name) and resource read (with "resource:<name>" and
%{"uri" => uri}).

	name:, version: and instructions: are reported to the client.

Every exposed module needs a description. A missing one, or two tools with the same name,
raises when the server is built (at startup), not when a client calls.
The module gets handle/1 (one decoded JSON-RPC message), serve/1 (the stdio loop) and
registry/0. Run it with mix vic.mcp MyApp.Interface.MCP.

      




  

    
DDD.MCP.Stdio 
    



      
The stdio transport: one JSON-RPC message per line on standard input, one reply per line on
standard output. Standard output carries only protocol messages, so anything that logs must
write to standard error (mix vic.mcp arranges that).

      


      
        Summary


  
    Functions
  


    
      
        serve(registry, opts \\ [])

      


        Read messages until the input ends, writing each reply as one line.



    





      


      
        Functions


        


    

  
    
      
    
    
      serve(registry, opts \\ [])



        
          
        

    

  


  

      

          @spec serve(DDD.MCP.Registry.t(), keyword()) :: :ok


      


Read messages until the input ends, writing each reply as one line.
Options: :read_only (overrides the server's setting), :input and :output (IO devices,
default :stdio).

  


        

      


  

    
DDD.Config 
    



      
The framework's application configuration, in one place.
# config/config.exs of your application
config :vicander, repo: MyApp.Repo
repo is the Ecto.Repo the framework uses unless a command, query, handler or projection
names another with repo: (for example use DDD.Command, repo: MyApp.OtherRepo). It is read
when the code runs, not when it compiles, so a test can change it.
The other keys are documented where they apply:
	config :vicander, :outbox, ... - retries and backoff of the outbox (DDD.Outbox.Poller)
	config :vicander, :dead_letters, ... - what to do with events that gave up
(DDD.Outbox.DeadLetterPolicy)
	config :vicander, :health, ... - thresholds and projections (DDD.Health)


      


      
        Summary


  
    Functions
  


    
      
        repo(repo)

      


        Resolve a repo: option: :default is the configured repo, nil stays nil (no
transaction), and a module is itself.



    


    
      
        repo!()

      


        The configured repo. Raises, saying how to configure it, when there is none.



    





      


      
        Functions


        


  
    
      
    
    
      repo(repo)



        
          
        

    

  


  

      

          @spec repo(:default | nil | module()) :: module() | nil


      


Resolve a repo: option: :default is the configured repo, nil stays nil (no
transaction), and a module is itself.

  



  
    
      
    
    
      repo!()



        
          
        

    

  


  

      

          @spec repo!() :: module()


      


The configured repo. Raises, saying how to configure it, when there is none.

  


        

      


  

    
DDD.Health 
    



      
A health check for the parts of the framework that can fall behind silently: the database,
the outbox and the projections.
DDD.Health.check()
# => %{
#      status: :ok,
#      checks: %{
#        database: %{status: :ok},
#        outbox: %{status: :ok, pending: 0, in_flight: 0, dead_letters: 0,
#                  oldest_pending_age_ms: 0},
#        projections: %{"MyApp.Projections.ListSummary" => %{status: :ok, pending: 0, ...}}
#      }
#    }
The overall :status is the worst of the checks:
	:unhealthy - the database does not answer
	:degraded - the outbox has unresolved dead letters, or its oldest pending event (or a
projection's oldest unprocessed event) has waited longer than the threshold
	:ok

The result is JSON-encodable, so serve it from a Plug route, a Phoenix controller, or the MCP
server (DDD.Health.Query). mix vic.health prints it and exits non-zero unless :ok.
Options
Each falls back to config :vicander, :health, ..., then to the default:
	:repo - default: the configured repo (config :vicander, repo: MyApp.Repo)
	:projections - the projection modules to check (default [])
	:max_outbox_age_ms - default 60_000
	:max_dead_letters - default 0
	:max_projection_lag_ms - default 60_000
	:emit - also emit the DDD.Telemetry gauges (default true)


      


      
        Summary


  
    Types
  


    
      
        status()

      


    





  
    Functions
  


    
      
        check(opts \\ [])

      


    


    
      
        healthy?(opts \\ [])

      


        True when check/1 reports :ok.



    





      


      
        Types


        


  
    
      
    
    
      status()



        
          
        

    

  


  

      

          @type status() :: :ok | :degraded | :unhealthy


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      check(opts \\ [])



        
          
        

    

  


  

      

          @spec check(keyword()) :: %{status: status(), checks: map()}


      



  



    

  
    
      
    
    
      healthy?(opts \\ [])



        
          
        

    

  


  

      

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


      


True when check/1 reports :ok.

  


        

      


  

    
DDD.Telemetry 
    



      
The :telemetry events the framework emits, in one place.
Attach with :telemetry.attach_many/4, or feed them to Telemetry.Metrics / OpenTelemetry.
Durations are in :native time units (System.convert_time_unit/3).
Spans (:start, :stop, :exception)
	event prefix	metadata
	[:ddd, :command]	:command, and on stop :result (:ok/:error), :error_codes, :error_kind
	[:ddd, :query]	:query, and on stop :result, :error_codes, :error_kind
	[:ddd, :handler, :deliver]	:handler, :event, and on stop :outcome (:delivered, :skipped, :rejected, :error)
	[:ddd, :projection, :rebuild]	:projection, and on stop :events (how many were replayed)

Counters
	event	measurements	metadata
	[:ddd, :command, :retry]	%{attempt: n}	:command
	[:ddd, :repository, :conflict]	%{count: 1}	:aggregate, :id, :expected_version, :actual_version
	[:ddd, :outbox, :poll]	%{claimed: n}	
	[:ddd, :outbox, :published]	%{count: 1, delay_ms: ms} (event age)	:event_type
	[:ddd, :outbox, :retry]	%{attempts: n, delay_ms: ms}	:event_type, :error
	[:ddd, :outbox, :dead_letter]	%{attempts: n}	:id, :event_type, :aggregate_type, :aggregate_id, :error

Gauges (call report/1, or let DDD.Health do it)
	event	measurements	metadata
	[:ddd, :outbox, :stats]	%{pending, in_flight, dead_letters, oldest_pending_age_ms}	
	[:ddd, :projection, :lag]	%{pending, oldest_pending_age_ms}	:projection

report/1 reads the database and emits the gauges, so run it on a timer (for example with
:telemetry_poller) and chart them; an outbox that stops draining shows as a growing
oldest_pending_age_ms.

      


      
        Summary


  
    Functions
  


    
      
        events()

      


        Every event name the framework emits (spans expand to start/stop/exception).



    


    
      
        outbox_stats(repo)

      


        The state of the outbox, straight from the table



    


    
      
        report(repo, projections \\ [])

      


        Emit the gauges ([:ddd, :outbox, :stats], and [:ddd, :projection, :lag] for each given
projection) read from repo. Returns the outbox stats.



    





      


      
        Functions


        


  
    
      
    
    
      events()



        
          
        

    

  


  

      

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


      


Every event name the framework emits (spans expand to start/stop/exception).

  



  
    
      
    
    
      outbox_stats(repo)



        
          
        

    

  


  

      

          @spec outbox_stats(module()) :: %{
  pending: non_neg_integer(),
  in_flight: non_neg_integer(),
  dead_letters: non_neg_integer(),
  oldest_pending_age_ms: non_neg_integer()
}


      


The state of the outbox, straight from the table:
	:pending - waiting for delivery or a retry (not dead-lettered)
	:in_flight - currently claimed by a poller
	:dead_letters - given up on and not yet resolved
	:oldest_pending_age_ms - how long the oldest pending event has been waiting (0 if none)


  



    

  
    
      
    
    
      report(repo, projections \\ [])



        
          
        

    

  


  

      

          @spec report(module(), [module()]) :: map()


      


Emit the gauges ([:ddd, :outbox, :stats], and [:ddd, :projection, :lag] for each given
projection) read from repo. Returns the outbox stats.

  


        

      


  

    
mix vic.gen.migration 
    



      
Generates the Ecto migration for an aggregate stored by DDD.Repository.Ecto.
mix vic.gen.migration MyApp.Order
mix vic.gen.migration MyApp.Order --rename title:name
mix vic.gen.migration MyApp.Order --allow-destructive
The first run writes create table. Later runs compare the aggregate with the
snapshot in priv/ddd_snapshots/ and write only the difference as a new migration.
Options:
	--table             - table name (first run only; default derived from the module)
	--rename old:new    - treat a column as renamed, keeping its data (repeatable)
	--allow-destructive - allow removing a column or changing its type
	--repo              - repo module for the migration name (default: the configured repo)
	--snapshot-dir, --migrations-path - override the default directories


      




  

    
mix vic.gen.outbox_migration 
    



      
Generates an Ecto migration for the DDD outbox domain_events table.
mix vic.gen.outbox_migration

      


      
        Summary


  
    Functions
  


    
      
        run(args)

      


        Callback implementation for Mix.Task.run/1.



    





      


      
        Functions


        


  
    
      
    
    
      run(args)



        
          
        

    

  


  

Callback implementation for Mix.Task.run/1.

  


        

      


  

    
mix vic.health 
    



      
Prints DDD.Health.check/1 and exits non-zero unless everything is ok, so it can run as a
deploy gate or a container health probe.
mix vic.health
mix vic.health --json
mix vic.health --projection MyApp.Projections.ListSummary --max-outbox-age 5000
Options:
	--json - print the result as JSON
	--projection Module - check a projection (repeatable; adds to the configured ones)
	--max-outbox-age ms, --max-dead-letters n, --max-projection-lag ms - thresholds
	--repo Module - default: the configured repo (config :vicander, repo: MyApp.Repo)


      




  

    
mix vic.mcp 
    



      
Serves a DDD.MCP.Server module as a Model Context Protocol server on standard input and
output, for an AI client to launch:
mix vic.mcp TodoApp.Interface.MCP
mix vic.mcp TodoApp.Interface.MCP --read-only

claude mcp add todo -- mix vic.mcp TodoApp.Interface.MCP
Standard output carries only protocol messages, so the task sends the logger to standard
error (before the application starts, so the outbox poller can run when configured), turns
the Ecto SQL log off, and silences Mix's own output.
	--read-only refuses every command tool (queries and resources only)


      




  

    
mix vic.outbox.dead_letters 
    



      
Lists events the outbox gave up delivering (infrastructure failures that kept recurring).
mix vic.outbox.dead_letters            # unresolved ones
mix vic.outbox.dead_letters --all      # include kept and discarded ones
Resolve them with mix vic.outbox.replay ID or mix vic.outbox.discard ID.
Business rejections are not dead letters; they are recorded in event_deliveries.

      




  

    
mix vic.outbox.discard 
    



      
Resolves a dead-lettered event as discarded: it stays in the table for the record, but
nothing will deliver it.
mix vic.outbox.discard EVENT_ID

      




  

    
mix vic.outbox.prune 
    



      
Deletes events older than a number of days from the outbox (DDD.Outbox.Retention).
mix vic.outbox.prune --older-than-days 30
Only published events and resolved dead letters are deleted. Unresolved dead letters, events
being retried and events still waiting are kept. A projection can only be rebuilt from the
events that remain.
Options:
	--older-than-days n - (required) how old an event must be
	--repo Module - default: the configured repo


      




  

    
mix vic.outbox.replay 
    



      
Makes the outbox retry dead-lettered events from scratch.
mix vic.outbox.replay EVENT_ID     # one event
mix vic.outbox.replay --all        # every unresolved dead letter
Handlers that already succeeded for the event are skipped, so only the ones that failed run
again. Fix the cause first, otherwise the event just dies again.

      




  

    
mix vic.projection.rebuild 
    



      
Empties a projection's table and replays every stored event into it, in order.
mix vic.projection.rebuild MyApp.Projections.ListSummary
mix vic.projection.rebuild MyApp.Projections.ListSummary MyApp.Projections.Other
Use it after fixing an on clause, or after adding a projection for events that already
happened. The events must still be in domain_events. Readers see the table fill up again
while it runs, so run it in a quiet period; if it fails part-way the projection is partial
and the task says so and exits non-zero: fix the cause and run it again.
Each projection is rebuilt on its own: a failure in one does not stop the others.
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