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DGen provides software building blocks that marry the OTP ethos with a reliable
distributed system, with a focus on ease of use and minimal operator setup.
We implement a durable and fully distributed gen_server-like with dgen_server
(Elixir: DGen.Server) and a distributed process registry with dgen_registry
(Elixir: DGen.Registry).
DGen is implemented against the FoundationDB API. Any conforming database could,
in theory, be substituted, but for now FDB is the only implemented backend.
What's here
	dgen_server — the gen_server programming model (same callbacks, same
return shapes), backed by durable state and a durable message queue instead
of process memory. Any number of processes, on any number of nodes, can
consume from the same server concurrently, and via strict serializability
of FoundationDB, gen_server semantics are preserved.
	dgen_registry — an OTP-compatible process registry: give a running
process a logical name and find or message it by name from anywhere in the
cluster, via the standard {via, dgen_registry, {RegistryName, LogicalName}}
contract.

Both are built on the same idea: push state and coordination into a
strongly-consistent backend, so the OTP programming model you already know
keeps working even when a process, a node, or the whole cluster restarts.
Installation
Erlang
DGen can be installed by adding dgen to your list of dependencies in
rebar.config:
{deps, [
    {dgen, "0.4.x"}
]}.
Find the most recent version number on Hex.
Elixir
DGen can be installed by adding dgen to your list of dependencies in
mix.exs:
def deps do
  [
    {:dgen, "~> 0.4"}
  ]
end
Documentation
	dgen_server design doc — programming
model, message processing, locking, persisted state, crash behaviour,
guarantees, and configuration.
	dgen_registry design doc —
consistency model, replication, leadership handoff, guarantees, and
configuration.
	formal/README.md — the TLA+ model of dgen_registry's
replication protocol.
	test/support/sim/dgen_registry_simulation.md
— deterministic simulation testing of dgen_registry against the same invariants, driven by
eta.
	API reference and getting-started guides: https://hexdocs.pm/dgen.
	CHANGELOG.md — release notes.

AI full disclosure
	This software is developed with strong assistance from LLMs and with humans
leading the ideas, testing, and debugging. We say this openly because it shaped
how the project was built. If you are not happy with AI-developed code, this
software is not for you. This disclosure was adopted from antirez/ds4.
	We strive to write and edit the documentation for human consumption. LLM-speak
will eventually be rooted out in favor of imperfect human writing. Documentation
generated wholly by LLMs must be annotated as such.



  

    Changelog

v0.5.0 (2026-11-01)
Bug fixes
	When a follower forwards a registration and the leader changes at the same
time, the registration is now re-driven to the new leader rather than answered
with no.
	A buffered unregister is no longer lost when the leader changes mid-commit.
	A partition heal no longer stalls the leader on conflict-detection liveness
probes; they run off its loop.
	whereis_name/1 and get_metadata/1 no longer briefly read a bound name as
undefined while a member re-baselines its replica (a resync or handoff).
	A leader that dies after a commit but before broadcasting it no longer stalls
the next leader's handoff for 2 seconds. The new leader proceeds as soon as
every member has seen the old leader go down.
	A follower could answer yes to a forwarded registration that a degraded handoff
had lost. It held the answer until its replica reached the commit version, but the
new leader's versions could get it there without that commit. A held yes now
counts only in the epoch that committed it, and is otherwise sent again.

Enhancements
	dgen_registery_member's internal implementation is refactored into
dgen_registry_replica, dgen_registry_intents, dgen_registry_pipeline,
and dgen_registry_conflicts.

Breaking changes
	Some internal legacy behavior has been removed. It may affect systems during
a rolling upgrade from 0.4.x to 0.5.x.
	The handoff gather's peer reply changed shape. A 0.5.x leader skips a 0.4.x
member's replica, and the reverse, so don't run the two in one cluster.

v0.4.2 (2026-10-04)
Enahancements
	Support retrieving tenant via anonymous function

v0.4.1 (2026-09-04)
Bug fixes
	Fixed a race where an unregister could delete a binding it didn't own,
freeing a name twice under ordinary concurrency.
	Fixed the DST harness's readiness poll hanging on a virtual clock deadline.
	Fixed a lock holder that was busted mid-run releasing its successor's lock.
	Fixed a lock holder that was busted mid-run overwriting its successor's
writes.

Enhancements
	dgen_registry is now stable, and no longer experimental.
	The dgen_server lock is now fenced. A busted holder is refused at commit and
its message is retried, so lock_timeout can be tuned for recovery speed.
handle_locked/4 must be safe to run twice. See
docs/design/dgen_server_design.md §4.4.
	Added tests for lock_timeout and the consume_batch exit points.
	dgen_registry_member rewritten as a gen_statem with explicit
searching/assuming/leader/follower states. sys:get_state/1 now returns
{State, Data}.
	Leadership handoff sped up (~2x faster election window at 200k names) by
cutting map allocations, shrinking the snapshot encoding, and deferring
monitor setup off the critical path.
	Expanded TLA+ model and DST invariants covering replication and leader
handoff.
	Added a per-registry connectivity option (provided_externally) to let a
registry share another registry's distribution mesh instead of running its
own. See docs/dgen_registry_design.md §4.6 and §8.

v0.4.0 (2026-07-12)
Enhancements
	dgen_registry — a defined consistency model (still experimental). Full
contract in docs/dgen_registry_design.md. Highlights:
	CP and fenced — the leader is fenced on a backend key, so a deposed leader
cannot commit; no split-brain, minority partitions refuse writes.
	Singleton uniqueness across any single member failure; pids never persisted
(~2 durable keys per registry).
	Two-holder addressability — an acked registration is held by ≥2 members;
tunable via register_replicas / replicate_timeout / strict_replication.
	Dynamic membership with an automatic mesh — nodes join/leave by
starting/stopping the registry; no external discovery.
	Lock-free snapshot reads — whereis_name/1 is an ets:lookup/2 in the
calling process (eventually-consistent snapshot; empty briefly after member
restart).
	Per-registration metadata — an index map + opaque data, set via
register_name/3 / set_metadata/2, read via get_metadata/1 or
get_metadata_consistent/1; lifetime is exactly the registration's (§4.7).
	Indexed queries — query/2 / query_consistent/2 match AND-equal
constraints over indexed attributes against a batch-consistent snapshot.
	Durable presence — subscriptions (watch + notify queries under a SubId)
push {dgen_presence, SubId, Events} on membership changes; stored durably, so
they survive full cluster restarts.
	Formally verified replication — core safety properties checked against a
TLA+ model (formal/).


	dgen_transaction (new behaviour) — owns a single backend transaction in its
own process with caller-controlled retry; substrate for the registry's group commit.

	dgen_server — consume_k documented; when consume_k > 1, inline call
handling is disabled so batching stays in effect. priority_call/priority_cast
still bypass the queue.


Behavioral notes
	The registry may forcibly kill a registered process to enforce uniqueness.
Register only restart-safe processes. Configurable via terminate_on_conflict
(default true); see §5.6.

Breaking changes
	dgen_registry:start_link/3 (SupName variant) removed — the registry
supervisor is nameless by design; hold the returned pid instead.
	elector_name/1 removed in favor of elector_pid/1; member_name/1 and
names_table/1 are now identity functions.
	register_name/2,3 exits on call timeout instead of returning no — no is
now strictly an adjudicated verdict. Timeout configurable via register_timeout
(default 5000 ms).

v0.3.0 (2026-06-17)
Enhancements
	Transactional callbacks — optional handle_cast_tx/3, handle_call_tx/4,
handle_info_tx/3 receive a tx_ctx() (open transaction + directory) so callbacks
can read/write keys atomically with the state commit.
	lock_timeout option for dgen_server — backstop timer clears a stale
distributed lock left by a killed consumer. Default infinity (old behavior);
dgen_registry uses 6000 ms.
	dgen_registry (experimental) — OTP-compatible process registry over the
storage backend, addressed via {via, dgen_registry, {Name, LogicalName}}. Writes
and consistent reads go through an elected leader; whereis_name/1 is a local
snapshot read. Partition recovery is token-fenced so stale member_down messages
can't undo a rejoin.

Breaking changes
	DGenServer → DGen.Server (lib/dgen/server.ex).
	handle_locked/3 → handle_locked/4 — a db_ctx() map is prepended as the
first argument.

v0.2.0 (2026-04-05)
Enhancements
	Dead-letter queue — opt-in via dead_letter_threshold; messages crashing the
consumer that many times move to a DLQ, callers raise {dead_letter, N}, and the
optional handle_dead_letter/2 callback fires.
	dgen_server:outbox_cast/1,2 — returns a closure for enqueuing a cast
atomically inside the caller's own backend transaction.

v0.1.0 (2026-02-22)
Initial release.


  

    LICENSE

                            Apache License
                      Version 2.0, January 2004
                   http://www.apache.org/licenses/
  TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION
	Definitions.
"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.
"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.
"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.
"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.
"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.
"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.
"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work
(an example is provided in the Appendix below).
"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.
"Contribution" shall mean any work of authorship, including
the original version of the Work and any modifications or additions
to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent
to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."
"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

	Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

	Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution(s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross-claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

	Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:
(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and
(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and
(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and
(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.
You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

	Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

	Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

	Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

	Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

	Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.


  END OF TERMS AND CONDITIONS
  APPENDIX: How to apply the Apache License to your work.
 To apply the Apache License to your work, attach the following
 boilerplate notice, with the fields enclosed by brackets "[]"
 replaced with your own identifying information. (Don't include
 the brackets!)  The text should be enclosed in the appropriate
 comment syntax for the file format. We also recommend that a
 file or class name and description of purpose be included on the
 same "printed page" as the copyright notice for easier
 identification within third-party archives.
  Copyright [yyyy] [name of copyright owner]
  Licensed under the Apache License, Version 2.0 (the "License");
  you may not use this file except in compliance with the License.
  You may obtain a copy of the License at
  http://www.apache.org/licenses/LICENSE-2.0
  Unless required by applicable law or agreed to in writing, software
  distributed under the License is distributed on an "AS IS" BASIS,
  WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
  See the License for the specific language governing permissions and
  limitations under the License.


  

    DGen.Server

Mix.install([
  {:dgen, path: "../dgen"},
  {:erlfdb, "~> 0.3"}
])
Regular GenServer
A simple chat server that stores messages in memory.
defmodule Message do
  defstruct [:id, :name, :text]
end

defmodule Chat do
  use GenServer

  defstruct idx: 0, messages: []

  def start(), do: GenServer.start(__MODULE__, [])

  def restart(pid) do
    GenServer.stop(pid)
    start()
  end

  def new_message(pid, name, text), do: GenServer.call(pid, {:new_message, name, text})

  def history(pid), do: GenServer.call(pid, :history)

  @impl true
  def init([]) do
    {:ok, %Chat{}}
  end

  @impl true
  def handle_call({:new_message, name, text}, _from, state=%Chat{}) do
    %{messages: messages, idx: idx} = state
    message = %Message{id: "#{idx+1}", name: name, text: text}
    resp_text = "Thanks for the message"
    response = %Message{id: "#{idx+2}", name: "system", text: resp_text}
    {:reply, resp_text, %{state | idx: idx+2, messages: messages ++ [message, response]}}
  end

  @impl true
  def handle_call(:history, _from, state=%Chat{}) do
    %{messages: messages} = state
    {:reply, messages, state}
  end
end
{:ok, pid} = Chat.start()
Send a message and get a response.
Chat.new_message(pid, "Alice", "Hello there")
Chat.history(pid)
Now restart the server.
{:ok, pid} = Chat.restart(pid)
The history is lost — regular GenServers don't persist state.
Chat.history(pid)
Durable GenServer
The same chat server, but using DGen.Server for automatic persistence.
defmodule DChat do
  use DGen.Server

  defstruct idx: 0, messages: []

  def start(tenant), do: DGen.Server.start(__MODULE__, [], [tenant: tenant])

  def restart(pid, tenant) do
    GenServer.stop(pid)
    start(tenant)
  end

  def new_message(pid, name, text), do: DGen.Server.call(pid, {:new_message, name, text})

  def history(pid), do: DGen.Server.call(pid, :history)

  @impl true
  def init([]) do
    {:ok, %DChat{}}
  end

  @impl true
  def handle_call({:new_message, name, text}, _from, state=%DChat{}) do
    %{messages: messages, idx: idx} = state
    message = %Message{id: "#{idx+1}", name: name, text: text}
    resp_text = "Thanks for the message"
    response = %Message{id: "#{idx+2}", name: "system", text: resp_text}
    {:reply, resp_text, %{state | idx: idx+2, messages: messages ++ [message, response]}}
  end

  @impl true
  def handle_call(:history, _from, state=%DChat{}) do
    %{messages: messages} = state
    {:reply, messages, state}
  end
end
b = :dgen_config.backend()
tenant = b.sandbox_open("DGen.Livebook", "Intro")
Create a tenant to isolate this server's data.
{:ok, pid} = DChat.start(tenant)
DChat.new_message(pid, "Bob", "Greetings")
DChat.history(pid)
Restart the durable server.
{:ok, pid} = DChat.restart(pid, tenant)
The history persists — DGen.Server automatically saves and restores state.
DChat.history(pid)


  

    DGen.Registry

Mix.install([
  {:erlfdb, "~> 1.0"},
  {:dgen, github: "foundationdb-beam/dgen"}
])
Intro
DGen.Registry is a distributed Elixir process registry that is built to gracefully and automatically handle nodes joining and leaving your cluster.
If you're already running DGen, all you have to do to use the registry is
	Ensure your nodes are capable of communication (e.g. VM config, network, cookie)
	Add a new child to your supervision tree

As long as you do this, DGen.Registry will take care of clustering the Elixir VMs with each other and will ensure that the dataset they share (namely process registrations) is consistent across the cluster.
Nodes can join and leave at your will. DGen.Registry keeps everything up-to-date.
Reminder: The DGen project is a set of OTP-like utilities that inherit their distributed consensus from a backend database. As of the time of writing, the single supported backend is FoundationDB. Thus, DGen.Registry requires that your application connects to a running FoundationDB cluster.

What this document covers
This document, an interactive Livebook, covers the "Getting Started" of DGen.Registry, including how to register processes and metadata and how to query them.
For a discussion of the consistency guarantees of DGen.Registry, please see the :dgen_registry Design Doc
Getting Started
tenant = :dgen_erlfdb.sandbox_open("lb", "acme_corp")
DGen.Registry.start_link(:my_registry, tenant)
defmodule Player do
  use GenServer

  def start_link(name) do
    GenServer.start_link(__MODULE__, %{}, name: {:via, DGen.Registry, {:my_registry, name}})
  end

  def move_to_room(name, room) do
    :dgen_registry.set_metadata(
      {:my_registry, name},
      %{index: %{room: room}, data: %{}}
    )
  end

  @impl true
  def init(_) do
    {:ok, %{}}
  end
end

defmodule Room do
  def list_players(room) do
    :dgen_registry.query(:my_registry, %{room: room})
    |> Enum.map(fn %{name: name, pid: pid} -> {name, pid} end)
  end
end
Player.start_link("alice")
GenServer.whereis({:via, DGen.Registry, {:my_registry, "alice"}})
Player.move_to_room("alice", 37)
Room.list_players(37)
Player.start_link("bob")
Player.move_to_room("bob", 37)
Room.list_players(37)
GenServer.stop({:via, DGen.Registry, {:my_registry, "bob"}})
Room.list_players(37)


  

    DGen.Registry with Presence

Mix.install([
  {:erlfdb, "~> 1.0"},
  {:dgen, github: "foundationdb-beam/dgen"},
  {:phoenix_playground, "~> 0.1.8"}
])
Intro
DGen.Registry is a distributed Elixir process registry that is built to
gracefully and automatically handle nodes joining and leaving your cluster.
If you're already running DGen, all you have to do to use the registry is
	Ensure your nodes are capable of communication (e.g. VM config, network, cookie)
	Add a new child to your supervision tree

As long as you do this, DGen.Registry will take care of clustering the
Elixir VMs with each other and will ensure that the dataset they share
(namely process registrations) is consistent across the cluster.
Reminder: The DGen project is a set of OTP-like utilities that inherit
their distributed consensus from a backend database. As of the time of
writing, the single supported backend is FoundationDB. Thus,
DGen.Registry requires that your application connects to a running
FoundationDB cluster.

Why a Process Registry?
Elixir natively supports the registration of a process to the local BEAM
VM via a built-in Erlang implementation. You've likely seen this in code
that specifies an option like name: :my_gen_server to GenServer.start_link/3,
such as this example from the GenServer documentation:
# Start the server and register it locally with name MyStack
{:ok, _} = GenServer.start_link(Stack, "hello", name: MyStack)

# Now messages can be sent directly to MyStack
GenServer.call(MyStack, :pop)
#=> "hello"
This is very handy for addressing certain processes in your app, but there is
something very powerful here that's easy to miss: not only does the registration
name the process; when the process exits, that registration is automatically
and immediately cleaned up. This provides a scoping of that piece of
information to exactly match the lifetime of the process itself.
DGen.Registry accomplishes two things for your app:
	A distributed multi-node registry that's easy to set up
	A process <-> metadata linking system for pubsub and presence

Getting Started
We're going to lay out the skeleton for a real-time chat application. Our users
will be able to see who is online in real-time, and send a "wave" directly to
another user - a friendly way to say hello.
We'll start by creating an FDB sandbox and a directory inside which we can
write some data. We're only going to use a single node for this guide, but
the instructions don't change at all for the other nodes. There's no
additional setup.
tenant = :dgen_erlfdb.sandbox_open("livebook", "my_chat_app")
Next, we start the DGen.Registry process. This would be added to your
app's supervision tree.
DGen.Registry.start_link(:chat_registry, tenant)
Any number of Elixir nodes can participate in the DGen.Registry. They
must each specify the same FDB Directory and the same registry name
(here: :chat_registry).
Our chat app will have a simple data model. We allow users to create and
join rooms. The DataModel module allows us to manage the rooms in the
database.
defmodule DataModel do
  def read_all_rooms({db, dir}) do
    rooms = :erlfdb_directory.subspace(dir, {<<"rooms">>})
    {s, e} = :erlfdb_subspace.range(rooms)
    :erlfdb.get_range(db, s, e)
    |> Enum.map(fn {_k, v} -> v end)
  end

  def write_room({db, dir}, id) do
    rooms = :erlfdb_directory.subspace(dir, {<<"rooms">>})
    k = :erlfdb_subspace.pack(rooms, {id})
    :erlfdb.set(db, k, id)
  end

  def clear_all_rooms({db, dir}) do
    rooms = :erlfdb_directory.subspace(dir, {<<"rooms">>})
    {s, e} = :erlfdb_subspace.range(rooms)
    :erlfdb.clear_range(db, s, e)
  end
end
Our application is more than what is in the database. Rooms don't stay
empty. Whenever a user joins a room, their presence is a temporary
and transient property of the room. Let's use the features of DGen.Registry
to tie the room-membership property to the Elixir Process lifetime of
the user's connection.
Before we continue with the code, let's think about
the correct scoping of this information. The room exists in the database, and
our app specifies that for any change to the room membership, we'll alert
other members of that room. This property is actually tied to the room itself,
not to the transient members! Therefore, DGen.Registry takes the opinionated
stance that presence subscriptions are durable and process metadata is transient because processes themselves are transient.
For this reason, the calls to DGen.Registry.subscribe/4 and DGen.Registry.unsubscribe/2
are colocated with the database updates themselves, whereas the metadata management is reserved for the LiveView itself.
We've used 2 modules to demonstrate this idea, but we could have just as easily
put all of this into DataModel.
We'll see how DGen.Registry deals with these subscriptions later.
defmodule Rooms do
  def read_all_rooms(tenant), do: DataModel.read_all_rooms(tenant)

  def write_room!(tenant, id) do
    :ok = DataModel.write_room(tenant, id)

    # The subscription defines 2 queries on the metadata:
    #  - Watch: whenever the set of processes with %{in_room: id}
    #    changes, the subscription is activated.
    #  - Notify: When the subscription is activated, we query
    #    the metadata with %{in_room: id} to find the set of
    #    processes that must be notified.
    #
    # In short, this subscription says that all processes registered
    # to %{in_room: id} are interested in each other.
    :ok = DGen.Registry.subscribe(:chat_registry, id,
      %{in_room: id},  # Watch for changes
      %{in_room: id}   # Notify these listeners
    )
  end

  def clear_all_rooms!(tenant) do
    read_all_rooms(tenant)
    |> Enum.each(&DGen.Registry.unsubscribe(:chat_registry, &1))
    DataModel.clear_all_rooms(tenant)
  end
end
Let's create some rooms.
Rooms.clear_all_rooms!(tenant)
Rooms.write_room!(tenant, "Elixir fans")
Rooms.write_room!(tenant, "Erlang fans")
Rooms.write_room!(tenant, "Gleam fans")
Next, we'll confirm that the subscriptions are live.
DGen.Registry.subscriptions(:chat_registry)
Finally, here's the LiveView bringing it all together.
Key takeaways:
	Presence subscriptions are durable and associated
with the lifetime of the database object, and process metadata is transient and associated with the lifetime of the process. The subscription defines a relationship between processes who may
not exist yet.
	This all works the same way for multi-node clusters.

defmodule ChatLive do
  use Phoenix.LiveView

  @default_assigns self: nil, count: 0, room_id: nil, rooms: [], members: []

  def mount(_params, _session, socket) do
    socket = assign(socket, @default_assigns)

    socket = if connected?(socket) do
      ref = "member_#{id()}"

      # Register this view with DGen.Registry. No metadata yet,
      # because we haven't joined a room yet. See the "join" event.
      :yes = DGen.Registry.register_name({:chat_registry, ref}, self())

      tenant = tenant()
      socket
        |> put_private(:tenant, tenant)
        |> assign(
          self: ref,
          rooms: Rooms.read_all_rooms(tenant)
        )
    else
      socket
    end
    {:ok, socket}
  end

  def render(assigns) do
    ~H"""
    <div>I am {@self}.</div>
    <div>Wave Count: {@count}</div>
    <div>Rooms</div>
    <ul>
      <li :for={id <- @rooms}>
        <button phx-click="join" phx-value-id={id}>Join</button>
        {id}
      </li>
    </ul>
    <div :if={@room_id}>
      <div>In Room: {@room_id}</div>
      <div>Members online now:</div>
      <ul>
        <li :for={pname <- @members}>
          <button phx-click="wave" phx-value-pname={pname}>Wave</button>
          {pname}
        </li>
      </ul>
    </div>
    <style type="text/css">
      body { padding: 1em; }
    </style>
    """
  end

  def handle_event("join", %{"id" => id}, socket=%{assigns: %{room_id: id}}) do
    {:noreply, socket}
  end

  def handle_event("join", %{"id" => id}, socket) do

    # Joining a room simply means that we set our metadata
    # to %{in_room: id}. The DGen.Registry subscription takes
    # care of the rest. See handle_info({:dgen_presence, ...}, ...)
    # for the message delivery.
    DGen.Registry.set_metadata(
      {:chat_registry, socket.assigns.self},
      %{index: %{in_room: id}}
    )

    {:noreply, socket
      |> assign(
        room_id: id,
        members: []
      )
    }
  end

  def handle_event("wave", %{"pname" => pname}, socket) do

    # Waving to another member of the room means we just
    # need to find the pid and send a direct message. This
    # is essentially pubsub without a middleman. This idea
    # can be easily enhanced to a full pubsub feature by using
    # :topic metadata.
    pid = DGen.Registry.whereis_name({:chat_registry, pname})
    send(pid, {:wave_from, socket.assigns.self})

    {:noreply, socket}
  end

  def handle_info({:dgen_presence, id, presence},
    socket=%{assigns: %{room_id: id}}) do

    # The :dgen_presence message describes changes to
    # the set of processes with {:joined, ...} and {:left, ...}
    # tuples. We use MapSet to update our list of members.
    members = MapSet.new(socket.assigns.members)
    members = Enum.reduce(presence, members,
      fn
        {:joined, pname, _pid}, acc ->
          MapSet.put(acc, pname)
        {:left, pname, _pid}, acc ->
          MapSet.delete(acc, pname)
      end
    )

    {:noreply,
      socket
      |> assign(members: Enum.into(members, []))
    }
  end

  def handle_info({:wave_from, _other}, socket) do
    # Receive the friendly wave. Update a counter for demo feedback.
    count = socket.assigns.count
    {:noreply, assign(socket, :count, count+1)}
  end

  defp tenant() do
    :dgen_erlfdb.sandbox_open("livebook", "my_chat_app")
  end

  defp id(), do: :erlang.unique_integer([:positive])
end


We're ready to execute our app. You can open multiple tabs to
experiment with the presence flows.
PhoenixPlayground.start(live: ChatLive)


  

    dgen_server Design

dgen_server brings the gen_server programming model (init/1,
handle_call/3, handle_cast/2, ...) to a distributed system. A dgen_server
is not an Erlang process. It is durable state plus a durable message queue in a
strongly-consistent backend (default: FoundationDB). It exists as long as that
state does, independent of any process, node, or cluster.
The Guarantees section is normative. Behaviour that contradicts
it is a bug.
This document is LLM generated.

1. The one-minute model
	Zero or more consumer processes, on any node, pull messages off the queue
and run your callback. Each one commits the new state, and the reply if
there is one, in a single database transaction.
	Standard messages (call, cast) go through the queue and are processed
with strict serializability. Priority messages (priority_call,
priority_cast, handle_info) skip the queue and run immediately, at the
cost of ordering.
	Callbacks run inside that transaction and must be pure. Side effects go in
Actions, which run after the commit (§4.3), or in handle_locked/4 (§4.4).
	If a consumer crashes mid-transaction, nothing commits. The next consumer
retries a queued message. Priority messages are lost (§5).


2. Quick start
Erlang
-module(counter).
-behavior(dgen_server).

-export([start/1, increment/1, value/1]).
-export([init/1, handle_call/3]).

start(Tenant) -> dgen_server:start(?MODULE, [], [{tenant, Tenant}]).
increment(Pid) -> dgen_server:call(Pid, increment).
value(Pid) -> dgen_server:call(Pid, value).

init([]) -> {ok, 0}.

handle_call(increment, _From, State) -> {reply, ok, State + 1};
handle_call(value, _From, State) -> {reply, State, State}.
Tenant = dgen_erlfdb:sandbox_open(<<"demo">>, <<"counter">>),
{ok, Pid} = counter:start(Tenant),
counter:increment(Pid), counter:increment(Pid),
dgen_server:stop(Pid),
{ok, Pid2} = counter:start(Tenant),
2 = counter:value(Pid2).  %% State persisted
Elixir
defmodule Counter do
  use DGen.Server

  def start(tenant), do: DGen.Server.start(__MODULE__, [], tenant: tenant)
  def increment(pid), do: DGen.Server.cast(pid, :increment)
  def value(pid), do: DGen.Server.call(pid, :value)

  @impl true
  def init([]), do: {:ok, 0}

  @impl true
  def handle_call(:value, _from, state), do: {:reply, state, state}

  @impl true
  def handle_cast(:increment, state), do: {:noreply, state + 1}
end
tenant = :dgen_erlfdb.sandbox_open("demo", "counter")
{:ok, pid} = Counter.start(tenant)
Counter.increment(pid); Counter.increment(pid)
GenServer.stop(pid)
{:ok, pid2} = Counter.start(tenant)
2 = Counter.value(pid2)  # State persisted

3. Core concepts
	backend: the database interface; the provided one is FoundationDB via
erlfdb.
	tenant: a database handle plus a directory handle defining a key
subspace. Every dgen_server is started against one.
	key-tuple: a tuple encoded as a key in a tenant. Extending it makes the
original a prefix that contains other keys.
	tuid: the key-tuple identifying a dgen_server in its tenant. init/1
may return {ok, Tuid, State} to choose it.
	message-queue: the durable queue a dgen_server processes requests from.
	call-request / cast-request: a queued operation that does / does not
expect a response.
	priority-request: a call or cast handled immediately, ignoring the queue
and its ordering. It is meant for urgent, usually read-only work.
	dgen_server process: any process that can push requests onto the queue.
	consumer: a dgen_server process that also processes requests. A
dgen_server may have zero, one, or many consumers.


4. How it works
4.1 Message processing paths
		Standard (call, cast)	Priority (priority_call, priority_cast, handle_info)
	Durable queue	goes through it	skips it
	Ordering	strictly serialized with the queued stream	none; races ahead of queued messages
	Transaction	runs inside one (backend limits apply)	runs inside one (backend limits apply)
	Side effects in the callback	not permitted	not permitted
	The lock (§4.4)	respected; paused while locked	ignored; always executes

4.2 consume_k and inlining
consume_k (default 1) is the maximum number of queued messages a consumer
processes per transaction. A consume cycle peeks up to consume_k messages and
processes them in order, carrying the state in memory. It commits the batch in
one transaction, so the state is read once and written once. Then it starts
the next cycle right away.
A larger consume_k spreads the cost of each transaction over more messages and
raises throughput when callbacks are cheap. The price is larger transactions and
all-or-nothing batches, because a conflict retries the whole batch. A busy
consumer keeps draining, so it also tends to keep a single node as the
active consumer. That helps when it matters which node consumes, as in
election-style callbacks.
Inlining. When consume_k =:= 1, a call/2 whose queue is empty and
unlocked is processed immediately in the caller's own transaction, with the
same result as going through the queue. When consume_k > 1, inlining is
disabled and every call/2 goes through the queue.
priority_call/2 and priority_cast/2 always bypass the queue and the lock
(§4.1).
4.3 Actions
Callbacks may return {reply, Reply, State, Actions} or
{noreply, State, Actions}, where Actions is a list of 1-arity functions
that:
	run after the transaction commits.
	receive the committed State but cannot modify it.
	are the place for side effects such as logging, telemetry, and external
publishing.
	may return halt to skip the remaining actions.

With consume_k > 1, a batch's actions all run after its single commit and
each receives the state as of the end of the batch.
4.4 Locking
A callback may return {lock, State} to enter locked mode. Locked mode is for
work that must finish before the next queued message is processed but cannot
run inside a transaction, such as external API calls or long computations.
While locked:
	Standard call and cast messages are queued but not processed.
	Priority messages and handle_info still execute (§4.1).
	handle_locked/4 runs outside a transaction. It has no transaction
limits and may perform side effects, and the state it returns is written back.

lock_timeout (default infinity) bounds how long a lock may be held. The
holder normally clears the lock when handle_locked/4 returns. If the holder
is killed (SIGKILL, VM abort), another consumer clears the lock once
lock_timeout ms have passed since it was set. We call that busting the lock.
With infinity, a dead holder blocks all consumers permanently.
Busting is a guess that the holder is dead, and a slow holder may still be
running. So the lock is fenced (§4.7). If a holder was busted, we don't
commit its result. Its message goes back on the queue, and the holder exits
with {lock_fenced, requeued}. A priority or inline lock has no queued
message, so the holder exits with {lock_fenced, not_requeued} and the caller
receives the exit. Either way, the side effects of handle_locked/4 have
already happened, so handle_locked/4 must be safe to run twice.
Because of fencing, a wrong guess costs a retry rather than lost data. So set
lock_timeout to how quickly you want to recover from a dead holder, rather
than above the worst-case handle_locked/4 duration.
4.5 Persisted state
State is encoded to optimise partial updates:
	Assigns map: a map whose keys are all atoms. Each entry gets its own
key, unordered.
 #{mykey => <<"my value">>, otherkey => 42}

	Components list: a list of maps, each with an atom id key holding a
binary. Each item gets its own key, ordered by fractional indexing.
 [#{id => "item1", value => 1}, #{id => "item2", value => 2}]

	Term: anything else, via term_to_binary, chunked into 100KB values.

	Nesting: encodings nest recursively, e.g. a components list inside an
assigns map.


On update, assigns maps and components lists write only the entries that
changed. Removed entries are cleared, and reordering updates the fractional
indices. Terms are rewritten in full. If the encoding type changes, we clear the
old keys and write the new encoding in full.
4.6 Caching
A consumer may cache the state with its versionstamp and skip the read when the
versionstamp still matches the database. The cache is invalidated when another
consumer modifies the state.
4.7 Request flows
Call: the caller enqueues the request with its from-key and watches the
reply-sentinel-key. A consumer runs handle_call/3 and writes the new state.
If the sentinel still exists, it also writes the reply. Then it commits. After
that, the consumer runs the actions while the caller reads and clears the reply.
A caller that times out clears its reply keys so none leak. As with
gen_server, the callback still runs and the state still changes.
Cast: the caller enqueues the request. A consumer runs handle_cast/2,
commits, then runs the actions.
Lock:
	The callback returns {lock, NewState}. In one transaction the consumer
commits NewState, dequeues the message, and writes a lock key holding
{Timestamp, Token}. Token is unique to this acquisition.
	Other consumers see the lock and wait on a DB watch.
	The holder calls handle_locked/4 with the triggering event, message, and
committed NewState.
	The holder commits the result in a second transaction, but only if the lock
key still carries its Token. Otherwise nothing is written, the message is
requeued in that transaction, and the holder exits with
{lock_fenced, requeued}. A priority or inline lock exits with
{lock_fenced, not_requeued} instead.
	However handle_locked/4 ends, even with an exception, the holder clears the
lock key if it still carries its Token. Clearing notifies the queue watch,
so waiting consumers resume.

4.8 Internal terms
	from-key: {WaitingKey..., Timestamp, term_to_binary(Ref)} identifies
one waiting caller under the waiting-key prefix. The timestamp lets
abandoned keys be garbage-collected.
	reply-sentinel-key: chunk 0 of the reply. Replies are stored in chunks as
{From, <<"t">>, N} so they may exceed the backend value-size limit. The
caller watches this key.
	quid: the prefix of all queue keys. Under it are the item-keys, which
hold queued requests, and the push-key and pop-key counters.


5. Crash and failure behaviour
Standard call and cast messages are processed exactly-once under normal
operation and at-least-once if a consumer crashes before commit (bounded by
dead_letter_threshold when set). Make callbacks idempotent where possible.
During init/1: nothing is persisted yet; on restart init/1 runs again
from scratch.
During handle_call, handle_cast, handle_info: the transaction aborts
and state is unchanged. A call or cast stays in the queue, and the next
consumer retries it, subject to dead_letter_threshold. A priority_call,
priority_cast, or handle_info message is lost.
Dead-letter queue. A poison message consistently crashes consumers. With
dead_letter_threshold set to a positive integer, each failed attempt
increments a counter in the message envelope. At the threshold, the message is
moved to the dead-letter queue (DLQ) instead of being retried, and:
	a blocked call caller raises {dead_letter, N}, where N is the attempt
count.
	the optional handle_dead_letter/2 callback receives the message and count.
	a warning is logged.

Dead-lettering is disabled by default (infinity):
Erlang
dgen_server:start(MyMod, [], [{tenant, Tenant}, {dead_letter_threshold, 3}])
Elixir
DGen.Server.start_link(MyMod, [], tenant: tenant, dead_letter_threshold: 3)
Supervisor restart intensity. Each consumer crash is a supervisor restart.
If the supervisor's intensity limit (default 3 restarts in 5 seconds) is hit
before dead_letter_threshold, the supervisor terminates instead. Set
intensity/max_restarts >= dead_letter_threshold with a period long enough
to cover the crash-restart cycle, e.g. 5 restarts in 60 seconds for a threshold
of 3. With infinity, a poison message crash-loops until the supervisor gives
up.
Managing the DLQ. Dead-lettered messages are never cleared automatically.
Operators manage them with dgen_queue, using the Quid from
dgen_server:get_quid(Tuid):
Erlang
Quid = dgen_server:get_quid(Tuid),
Entries = dgen_queue:peek_dlq(Tenant, Quid),  %% [{Key, Envelope, Attempts, TsMs}]
dgen_queue:dlq_length(Tenant, Quid),
dgen_queue:requeue_dlq_entry(Tenant, Quid, Key),  %% ok | {error, not_found}
dgen_queue:delete_dlq_entry(Tenant, Key),
dgen_queue:purge_dlq(Tenant, Quid).
Elixir
quid = :dgen_server.get_quid(tuid)
entries = :dgen_queue.peek_dlq(tenant, quid)  # [{key, envelope, attempts, ts_ms}]
:dgen_queue.dlq_length(tenant, quid)
:dgen_queue.requeue_dlq_entry(tenant, quid, key)  # :ok | {:error, :not_found}
:dgen_queue.delete_dlq_entry(tenant, key)
:dgen_queue.purge_dlq(tenant, quid)
requeue_dlq_entry/3 atomically moves the envelope back to the main queue with
its attempt count reset to zero, for retry after the cause is fixed.
During handle_locked: the state committed with the lock is already
persisted, and the triggering message is already dequeued. On an exception, the
lock is cleared before the process exits, and the message is not retried. If
the process dies without clearing the lock (SIGKILL, OOM, power loss), the lock
blocks the queue until lock_timeout expires. With infinity it blocks
forever and needs manual intervention. If the holder is fenced, its message is
requeued and retried (§4.4).
During actions: state is already committed and the message consumed. A
crashing action stops the remaining actions; nothing is retried.
Supervisor restart: if durable state exists, init/1 is called but the
state it returns is ignored. The process resumes from the persisted state and,
if configured to, consumes alongside any other consumers.

6. Guarantees
These are normative. Behaviour that violates one of them is a defect.
	Durability. State and queued messages persist in the backend,
independent of any Erlang process, node, or cluster.
	Delivery. Standard call/cast messages are processed exactly-once
under normal operation. If a consumer crashes before its transaction
commits, another consumer retries the message. In that case delivery is
at-least-once, bounded by dead_letter_threshold when configured (§5).
	Serializability. Standard messages are committed with strict
serializability through the durable queue. A batch reads and writes the
state in one transaction.
	Priority messages trade ordering for immediacy. priority_call/2,
priority_cast/2, and handle_info/2 always bypass the queue and the lock,
so they are not ordered with respect to the queued stream.
	Actions run exactly once per committed batch, strictly after that
batch's commit, once the state they reference is durable.
	Lock exclusivity. While a dgen_server is locked, only the lock
holder's handle_locked/4, priority messages, and handle_info/2 execute;
other standard call/cast messages wait until the lock clears.
	Callback purity. handle_call/3, handle_cast/2, and handle_info/2
run inside a database transaction and must not perform side effects. Side
effects belong in Actions (§4.3) or handle_locked/4 (§4.4), which run
outside a transaction.


7. Configuration
Options in the Opts proplist of start/3,4 and start_link/3,4:
	Option	Default	Meaning
	tenant	— (required)	{DbHandle, Dir} pair identifying the backend subspace.
	consume	true	Whether this process consumes from the queue, or only publishes.
	reset	false	When true, re-initialise the durable state even if it exists.
	dead_letter_threshold	infinity	Consecutive processing failures before a message is moved to the dead-letter queue instead of retried (§5).
	consume_k	1	Maximum queued messages processed per transaction (§4.2).
	lock_timeout	infinity	Maximum milliseconds a lock may be held before other consumers treat it as stale (§4.4).


8. When dgen_server is (and isn't) a good fit
Good fit when you want the gen_server model but need state and in-flight
messages to survive the death of a process, node, or cluster. A database
round-trip per message must be acceptable, and side effects must be able to
wait for Actions or run in handle_locked/4.
Reconsider when you need in-memory latency. A plain gen_server is faster
for state that need not survive a restart. Also reconsider if your callbacks
need side effects inline that can't be deferred, or if you can't or don't want
to operate a strongly-consistent external database.


  

    dgen_registry Design

dgen_registry is an OTP-compatible process registry: give a running process a
logical name, then find or message it by name from anywhere in an Erlang cluster. It
implements the standard {via, dgen_registry, {RegistryName, LogicalName}} contract,
so gen_server, gen_statem, gen_event and friends can be registered and addressed
by name with no special API.
It coordinates through a strongly-consistent database (FoundationDB is the default
and reference backend). That choice shapes the rest of the design:
	It is CP. In CAP terms it picks consistency over availability. The side of a
partition that cannot reach the database stops accepting registrations rather than
risk giving one name to two processes (§5.3).
	It is a singleton registry. A name maps to at most one live process
cluster-wide. The registry will terminate processes to keep that true, so
register only processes that can withstand being killed (§5.6).
	It stores almost nothing durably. Pids are never written to the database, so the
durable footprint does not grow with the number of registered names (§4.4).

This document is the source of truth for what the registry does. The
Guarantees and
Non-goals sections are normative:
behaviour that contradicts a guarantee is a bug, and behaviour listed as a non-goal
is intentional.
dgen_registry Message Flows shows the messages
behind each operation as swimlane diagrams.
This document is LLM generated.
1. The one-minute model
	Each node runs a member process holding a local copy of the name → pid table.
	One member is the leader. Every change goes through it: register, unregister,
and cleanup after a process dies. The leader applies changes in order and tells the
others.
	The leader is chosen through the database, so every node agrees who leads, and a
stale leader cannot make changes.
	A lookup is usually a local, lock-free ETS read. When you need an authoritative
answer, you can ask the leader instead.

2. Quick start
%% Start a registry named `my_registry` against a backend tenant.
{ok, _} = dgen_registry:start_link(my_registry, Tenant),

%% Register a gen_server under a logical name using the via-tuple.
{ok, _} = gen_server:start_link(
    {via, dgen_registry, {my_registry, user_service}},
    my_server, [], []),

%% Call it by name from any node in the cluster.
gen_server:call({via, dgen_registry, {my_registry, user_service}}, ping).
Run dgen_registry:start_link/2 on every participating node, all pointing at the
same Tenant (the backend database and keyspace).
The direct API mirrors the via-tuple:
dgen_registry:register_name({my_registry, user_service}, Pid),   %% -> yes | no
dgen_registry:whereis_name({my_registry, user_service}),         %% -> pid() | undefined
dgen_registry:unregister_name({my_registry, user_service}).      %% -> ok
A registration can carry searchable metadata that lives exactly as long as the
registration (§4.7):
dgen_registry:register_name({my_registry, user_service}, Pid,
                             #{index => #{region => us_east}, data => #{version => 3}}),
dgen_registry:get_metadata({my_registry, user_service}),   %% -> {ok, #{pid, index, data}}
dgen_registry:query(my_registry, #{region => us_east}).    %% -> [#{name, pid, index, data}, ...]
3. Core concepts
Logical names. Any Erlang term, scoped to a registry ({orders, 42}, "worker-7",
user_service). Names live only in memory and do not survive a full cluster restart
(Non-goal 1).
Registries are independent namespaces. Each registry (orders, sessions, …) has
its own leader, membership, name table and database keys. They share nothing.
Two kinds of read.
	Function	Reads from	Cost	Freshness
	whereis_name/1	the local member's protected ETS table, read in the calling process	no network hop, no mailbox	snapshot — may briefly lag a change made on another node
	whereis_name_consistent/1	the current leader, fence-verified against the database (§5.1)	one hop plus a database read	authoritative

OTP's via routing uses whereis_name/1, so a gen_server:call through a via-tuple
takes the fast path and never queues behind the member's mailbox.
Registration blocks until a leader decides it, and no is always a real answer.
register_name/2 answers yes if the name is now yours. It answers no only when
a different live process holds the name, or when an opt-in §8 policy refuses it
(reject_when_degraded, or strict_replication failing closed). When no leader is
reachable, the call blocks. That happens before the first election, during a
handoff, or across a partition. We re-drive the call once a leader is established. If
the leader was deposed or the commit failed, we retry or re-send the registration to
the next leader. We never answer no in these cases, because OTP's via machinery would
read it as "already started" for a name nobody holds.
If nothing decides in time, the call exits on register_timeout (§8, default 5 s),
as global, syn and distributed gproc do. The name may then be bound to the pid
you tried to register. A retry answers yes (§5.2), and if you abandon the pid, its
exit clears the binding.
Automatic cleanup. The leader monitors every registered process. When one exits,
the leader unregisters its name.
A returned pid is a candidate, not a liveness guarantee. Any pid the registry hands
back may have died by the time you use it. That applies to lookups, queries and
presence notifications alike.
4. How it works
4.1 Three processes per node
Starting a registry on a node creates three processes under a local one_for_all
supervisor:
	Process	Role
	member	Holds the local name → pid replica in a protected ETS table that it alone writes and anyone reads. Serves reads. When leader, it is the sole writer of the name table.
	elector	Tracks membership and decides the leader, coordinating through the database.
	connector	Keeps Erlang distribution in step with membership (§4.6). It connects to member nodes, reaps stranded members, and probes whether the leader is alive.

Application code only talks to the member (directly or via the via-tuple).
4.2 Leadership comes from the database
There is no heartbeat or bespoke election protocol. Each join or leave is an entry on a
durable queue that the database serialises. Every entry is applied exactly once, in one
global order, no matter which node consumes it. The elector commits the resulting member
set and leader to the database, so every node reads the same answer.
Leadership is sticky. The leader keeps the role for as long as it remains a member.
If it departs, the next membership change deterministically elects a replacement.
Each leadership term carries an increasing epoch, which is also written into the
durable leadership record. Members ignore messages from an older epoch. Because the
epoch only grows, it also serves as the fencing token of §5.1.
4.3 The leader is the sole writer
Every change to the name table — register, unregister, and auto-unregister on process
death — is applied by the leader through its own mailbox, one at a time, so changes are
totally ordered without locks. A follower forwards registrations to the leader and
passes the answer back to the caller. No member ever blocks its message loop waiting on
another member, which rules out circular waits.
Writes reach the database through a group-commit pipeline. A worker outside the
leader's loop runs the commits, with at most one in flight. There is no batching
window, so an idle leader commits the first op immediately. Ops that arrive while a
commit is in flight queue up. When the worker reports its result, the leader starts the
next commit with everything queued, up to commit_batch_size (§8). Batches therefore
grow only under load, and an unloaded leader adds no batching delay.
4.4 What the database actually stores
The database is for coordination, not storage. A pid read back later could name an
unrelated process that reused it, so we never persist pids. The name table lives only
in the members' ETS replicas, and a member starts with an empty one every time it
starts or restarts.
The name table costs two keys, regardless of how many names are registered:
	a leader key, which holds the current leader and its epoch. This is the fencing
token of §5.1.
	a version key, which the leader rewrites once per batch of committed changes
with a monotonically increasing commit version. Writing it turns every leader commit
into a real transaction, so the fence takes effect. It also gives every batch a
global order.

The elector also keeps durable state: the membership queue (§4.2) and the subscriptions
(§4.9). Its size depends on cluster size, churn and subscription count. Nothing scales
with the number of registered names.
4.5 Replication
After committing a batch, the leader broadcasts it to the other members as one message
carrying its version and the version of the batch before it. A member applies a batch
only if it is contiguous with what it holds. If there is a gap, for example from a
dropped message, the member stops and asks the leader for a fresh snapshot. Every
replica is therefore a prefix of the leader's ordered stream. The handoff
reconstruction (§5.7) relies on this.
4.6 Joining, leaving, and connectivity
A node joins by starting the registry, and leaves by stopping it or by failing. There
is no node list and no cluster-formation step. Membership lives in the database and is
read transactionally, so every node sees the same membership.
The registry also builds the Erlang distribution mesh. Each member reads the member set
at startup, periodically, and whenever a node becomes reachable. It then connects to
any member node it is not yet connected to. You do not need a discovery library or
net_adm:ping. A new node connects outward to the members it finds in the database,
and that triggers its first state sync. Nodes must still be able to connect. They
need a shared cookie and must be resolvable and reachable on the network.
Delegating connectivity (connectivity => provided_externally)
Distribution links belong to the whole node, but each registry runs its own mesh. The
mesh periodically reads the member set and sweeps through it connecting nodes. On a
node that hosts many registries, that work grows with the number of registries. A
registry started with connectivity => provided_externally turns its mesh off and
relies on the links another registry maintains. The intended setup is one system
registry in the default self_managed mode on every node, plus many
provided_externally tenant registries.
Contract. The provider must run on every node that any consumer runs on. Otherwise
a tenant member on an uncovered node is silently isolated. It cannot reach a
leader, so its writes block and time out (§3). Meeting this contract is the deployer's
job. As a backstop, a provided_externally registry that has had no elected leader for
about 60 s logs a warning that names the contract.
Only the mesh is delegated. The stranded-member reap, the leader-liveness probe (§5.3)
and the periodic epoch check (§5.7) stay active. Any value other than
provided_externally, including a typo, resolves to self_managed.
4.7 Metadata and queries
A registration can carry metadata that lives exactly as long as the registration:
	index — a map of attributes the registry indexes for queries.
	data — an opaque payload, stored and returned verbatim, never searched.

%% Register with metadata in one fenced step (both fields optional; default #{} / undefined).
dgen_registry:register_name({my_registry, worker_1}, Pid,
                             #{index => #{role => worker, shard => 3}, data => #{node => n1}}),

%% Replace an existing registration's metadata (a replace, not a merge).
dgen_registry:set_metadata({my_registry, worker_1}, #{index => #{role => worker, shard => 4}}),

%% Read it back — lock-free (snapshot) or leader-routed (authoritative).
dgen_registry:get_metadata({my_registry, worker_1}),             %% -> {ok, #{pid, index, data}}
dgen_registry:get_metadata_consistent({my_registry, worker_1}),

%% Find every registration whose indexed metadata matches (AND of exact equalities).
dgen_registry:query(my_registry, #{role => worker}),             %% local snapshot
dgen_registry:query_consistent(my_registry, #{role => worker}).  %% leader-authoritative
Reads. Metadata lives in the same replica row that whereis_name/1 reads.
get_metadata/1 is a lock-free read in the calling process, like whereis_name/1.
get_metadata_consistent/1 is its authoritative counterpart. Queries use an inverted
index on each member and run through the member's mailbox. For
query_consistent/2 that is the leader's mailbox. We route queries this way because
the member applies a batch row by row. A lock-free read across several keys could see a
batch half-applied, but a query that waits its turn in the mailbox only sees whole
batches.
Query semantics. Constraints :: #{attr() => value()} matches every registration
whose index satisfies every clause. Each clause is an exact equality, and there are
no ranges, OR, negation or ordering. An empty map is rejected with
{error, empty_query}. There is no schema, so an attribute that no registration
carries simply matches nothing. data is never queryable.
Writes. register_name/3 and set_metadata/2 go through the same fenced,
single-writer commit pipeline as register_name/2 (§4.3). Metadata adds no durable
state. set_metadata/2 on an unregistered name returns {error, not_registered}. If
the leader loses leadership before it answers, the call returns {error, no_leader} so
the caller can retry. A follower that forwarded a set_metadata/2 answers only after
its own row is updated, so a later local get_metadata/1 on that node sees the write.
Lifetime and handoff. When an unregister or a DOWN clears a name, it also clears
the name's metadata and index entries. On handoff, metadata travels with the binding
through the reconstruction of §5.7. Conflict detection (§5.6) compares pids only.
4.8 Process identity
Starting a registry creates zero atoms, so an application can start many registries
dynamically, such as one per tenant, without leaking atoms. We use only the
caller-supplied Name. The member is registered as Name, and its ETS table is named
Name. The supervisor and the elector have no registered name. Callers find the
elector through the member's supervisor. The supervisor is one_for_all, so the
elector pid that the member caches can never be stale.
4.9 Presence: watch/notify subscriptions
A presence subscription turns a query (§4.7) into a live feed. A caller picks an id
and registers a watch query and a notify query under it. Whenever the set of
processes matching the watch query changes, the registry sends a message to every
process matching the notify query.
%% Keep every process matching `notify` up to date with the set matching `watch`.
ok = dgen_registry:subscribe(my_registry,
                             {presence, RoomId},              %% SubId (application term)
                             #{role => member, room => RoomId}, %% watch
                             #{role => room_view, room => RoomId}), %% notify
%% Each matching room-view process now receives, per committed change:
%%   {dgen_presence, {presence, RoomId}, [{joined, Name, Pid} | {left, Name, Pid}, ...]}
dgen_registry:unsubscribe(my_registry, {presence, RoomId}).
A query/0 is either {all, #{attr => value}}, with the same meaning as in query/2,
or a bare map, which is read as {all, Map}. The type is tagged so it can grow without
breaking existing subscriptions.
Durable, keyed by an application id. Subscriptions live in the elector's durable
state (§4.2). They are not tied to any process, and they survive a full cluster
restart. Calling subscribe with an existing SubId is an idempotent upsert. That
lets applications model subscriptions as database entities, and scale to zero and back
with the subscriptions intact.
API. subscribe/4, unsubscribe/2, unsubscribe_all/1 and subscriptions/1 go
to the elector. Writes are asynchronous. An ok means the elector accepted the change
for durable processing. The change commits shortly after, and then shows up in
subscriptions/1. If a write is lost before the elector enqueues it, subscribing again
recovers it.
Teardown. A registry's durable keys share one keyspace prefix. After you stop the
supervisor, delete/2(Name, Tenant) removes all of them in one range clear.
unsubscribe_all/1 clears only the subscriptions of a running registry.
Change detection. As the leader applies each committed batch, it tests every
changed row against each watch query. A name that starts matching is joined, and one
that stops matching is left. A name rebound to a new pid produces both. This covers
register, unregister, process death and set_metadata.
Initial snapshot. Whenever a process enters the notify set, it first receives the
current watch set as joined events, and then the changes after that. This holds both
at subscribe time and later. A subscription can therefore exist before any of its
viewers do.
Leader state. The elector pushes committed subscription changes to the current
leader. A newly elected leader pulls the full durable set and recomputes every watch
set, which also catches up on any change it missed. Followers hold no presence state.
Consistency. Delivery is asynchronous and in commit order. Each viewer sees an
initial snapshot, then a prefix of the true sequence of watch-set changes. Delivered
pids are candidates (§3).
5. Consistency and failure model
5.1 Fencing: a stale leader cannot write — or serve consistent reads
When leadership moves, the elector commits the new leader's identity and epoch to the
database. From then on the old leader is fenced. Its commits conflict with the
leadership record, and the database rejects them. Because the record carries the epoch,
a member that was deposed and later re-elected cannot land a write from its earlier
term either. Transaction conflict detection, not timing, ensures that at most one
leader can write, so there is no split brain.
Consistent reads are fenced too. A deposed leader may not know it yet, for example
on the minority side of a partition. So before the member releases any *_consistent
answer, it re-checks its leader id and epoch against the durable record. If the check
fails or cannot reach the database, the member answers not-registered or empty. The
cost is one database read per consistent read.
5.2 Linearizable registration
All registrations flow through a single fenced leader that processes them one at a
time, so registration is linearizable: there is one order of decisions, and once
register_name/2 returns yes, every later consistent read observes it until it
changes.
Registration is idempotent for the same holder. Registering a name to the pid that
already holds it returns yes. That makes re-driving safe. A caller that timed out
(§3) after its registration committed gets yes when it retries.
5.3 Partition behaviour: CP
Only the side that reaches the database and holds leadership can commit. On the other
side, registrations block and then time out (§3). An unregister answers ok and is
held until a leader can take it (Non-goal 5). Consistent reads answer not-registered
(§5.1). Local snapshot reads keep working, but they may be stale. The registry gives up
write availability to stay consistent.
Sometimes only Erlang distribution is partitioned. The mesh is cut, but both sides
can still reach the database. The two sides then briefly compete for the single leadership
record. One side wins and leads, and the other blocks as above until the mesh heals.
The leader-liveness probe only reaps a leader on a node the prober has never
connected to. That case exists to recover from a cold restart, and it means an isolated
member cannot depose a healthy leader. When the partition heals, §5.6 repairs any name
that was reissued across the split.
5.4 Uniqueness is single-fault tolerant
Uniqueness means at most one live process per name. It holds across the failure of
any one member at a time. Pids are not durable, so the only record that a name is
taken is in the members' in-memory replicas. Every acknowledged registration is held by
at least two members (§5.5), so losing one member never loses that record. Losing
both holders at once can lose it, and then the name could be reissued. The registry
detects and repairs that case (§5.6).
5.5 Addressability and the two-holder rule
Addressability asks whether a registered name can still be found after a failure.
When register_name/2 returns yes, the binding is normally held by two members:
	A registration forwarded from a follower is held by the leader and that follower.
The follower answers yes only once its replica has applied the commit version of
that batch. If the follower is in the middle of a resync, it holds the answer until
the resync finishes. This way the second copy is always visible to the handoff reconstruction
(§5.7).
The commit version only counts in the epoch that committed it. A later leader may
have taken over without that commit, so the follower never releases the answer on a
later leader's versions. If its replica moves to a later epoch first, it sends the
registration again. For the same reason a follower treats a batch from a later epoch
as a gap, so only a snapshot moves it into a new epoch.
	A registration made on the leader's node waits for register_replicas follower
confirmations (§8) before answering yes. If none arrive within
replicate_timeout, the default policy degrades open. It answers yes with a
single holder and emits a warning and a telemetry event. With strict_replication
the registration fails closed instead.

The rule protects the routing entry against losing a node that does not host the
process, which is typically the leader's node. If the process's own node dies, the
process is gone and its name is released.
5.6 Conflict resolution by termination
Suppose a process holds a name on a node that stays unreachable long enough to be
dropped, and the name is reissued elsewhere. When the node returns, two live processes
claim the name. When the registry sees two different, live pids for one name, it
terminates both, clears the name, and raises an alarm. The alarm is a log line,
plus a [dgen_registry, conflict] event if telemetry is present. Supervised
processes then restart and re-register through the single leader. Killing both, rather
than picking a winner, is deliberate.
Detection runs in two places. At every leadership handoff, the new leader checks
the replicas it gathered (§5.7). When a previously synced member rejoins a continuing
leader, which is how a partition usually heals, the leader checks the rejoining
member's replica. We skip a member that never synced. Repair needs a witness. If no
surviving replica reports a binding, we cannot detect the conflict (Non-goal 2).
Staleness is not conflict. A lagging member may still report a binding that was
legitimately unregistered while its process kept running. So every member keeps a
release trail. It records each explicit unregister of a live process, keyed by name
and pid, for conflict_release_ttl (§8). The trail is merged across handoffs. Entries
expire only while the cluster is fully connected and no member has departed within the
last TTL. When a member has been gone longer than the TTL, we judge its bindings
against whatever trail remains.
Kill budget. conflict_kill_budget (§8) limits how many times we terminate
processes for one name before escalating to an operator. The current leader tracks the
budget, and it resets on handoff, so the limit is per name per leader term.
This is the registry's explicit contract:
The registry may forcibly terminate a registered process to enforce uniqueness.
Register only processes that can withstand being forcibly killed — for example,
supervised and restart-safe, or transient by design.

You can turn termination off with terminate_on_conflict, which leaves detection and
the alarm in place. You can also prevent the reissue in the first place with
reject_when_degraded, at some cost in availability. See
Configuration.
5.7 Leadership handoff
A new leader rebuilds its name table. It gathers the replica of every reachable member
in parallel and takes the freshest one. The old leader is already fenced, so no global
pause is needed. Until the gather completes, writes block (§3). We re-drive them once
the new leader takes over.
Replicas are gap-checked prefixes of one ordered stream (§4.5). So the freshest replica
holds the current binding for every name that any reachable member knows, and a
two-holder binding survives any single unreachable member. Sometimes a binding is held
only by an unreachable member. That happens with a degrade-open single holder, or
after a multi-fault loss. Such a binding is missing from the rebuilt table, and we do
not restore it when that member returns. If the name was reissued in the meantime, §5.6
resolves the conflict.
The deposed leader may have committed a batch whose broadcast is still on its way to a
member during the gather. Two guards keep the handoff sound in that case:
	The gather is fenced against the durable version key (§4.4). No live member can
be ahead of that key, so the new leader gathers again, a bounded number of times,
until its freshest replica reaches the key. Past that bound it proceeds anyway, and
the handoff is degraded. A degraded handoff stopped short of the version key and
may be missing committed bindings. reject_when_degraded (§8) acts on this.
Waiting only helps while a broadcast can still arrive. If the deposed leader died
after a commit but before broadcasting it, no live member will ever reach the key.
Erlang delivers a process's messages before its DOWN, so each member reports whether
it has handled the DOWN for the leader it followed. Once the new leader and every
peer have, nothing more can arrive, and the new leader proceeds degraded without
waiting out the bound.

	Every wholesale replacement of a replica, whether a handoff snapshot or a resync, is
version-monotonic. A member rejects one older than what it holds, so a handoff
never rolls a replica back.


The TLA+ model in formal/README.md checks this argument.
A handoff always reaches its new leader eventually. Every member periodically compares
the epoch it has heard with the committed one, and announces itself again if they
differ. If leadership is lost while direct registrations are still waiting for
replica confirmations, the replication timeout policy (§8) decides their outcome.
6. Guarantees
These are normative. Behaviour that violates one of these is a defect.
	Singleton uniqueness (single-fault). At most one live process is registered
under a given name at a time, preserved across the failure of any single member.
A simultaneous loss of both holders of a binding is outside this bound and is
repaired reactively (§5.6), never silently tolerated.
	No split-brain writes. At most one leader can commit changes. A leader that has
lost leadership cannot register, unregister, or otherwise mutate the name table.
There is no merge step and no dual-accept window.
	Linearizable registration. Successful registrations have a single global order.
After register_name/2 returns yes, every later whereis_name_consistent/1
reflects it until it changes.
	Two-holder durability of acknowledged registrations. A registration acknowledged
yes is held by at least two members and survives any single node failure —
except under the default degrade-open policy after a replication timeout, when it
may have one holder. strict_replication makes the property unconditional
(Configuration).
	Authoritative consistent reads. whereis_name_consistent/1 reflects the current
leader's committed view of the name, even when a leader was deposed without knowing
it. The leader checks every answer against the durable leadership record (§5.1), so
a deposed leader answers not-registered rather than a stale value.
	Automatic unregistration. When a registered process exits, its name is
unregistered without an explicit call.
	CP under partition. The side of a partition that cannot reach the database, or
that does not hold leadership, does not accept registrations. It never invents a
second owner for a name.
	Registry isolation. Distinct registries do not share leadership, membership,
name tables, or database keys.
	Consistent membership and convergent connectivity. Every node observes the same
committed member set. Assume the nodes are able to connect, with a shared cookie and
network reachability. Then after a node's join commits, the cluster converges until
nodes() on each member returns every other reachable member, with no external
discovery. In connectivity => provided_externally mode (§4.6, §8) the registry does
not connect nodes itself, and convergence depends on the provider registry.
	Metadata lifetime is tied to the registration. A registration's index, data
and index entries exist exactly while the registration does and are removed on
unregister or process exit, by the same path (§4.7).
	Metadata writes are fenced and linearizable. set_metadata/2 goes through the
same fenced, single-leader commit pipeline as register_name/2,3. A leader that has
lost leadership cannot apply or broadcast a metadata change.
	Metadata reads mirror name reads. get_metadata/1 is a lock-free snapshot read
with the freshness of whereis_name/1. get_metadata_consistent/1 is answered by
the leader, like whereis_name_consistent/1.
	Queries are batch-consistent. query/2 and query_consistent/2 never observe a
half-applied commit batch (§4.7). Both are still snapshots, and a returned pid may
already have died.

7. Non-goals and explicit non-guarantees
These are intentional. Relying on the opposite is relying on something the registry
does not promise.
	Durability of names across a full restart. Pids are never persisted. If every
member of a registry is down at once, its names are gone and applications must
re-register on startup.
	Multi-fault uniqueness. The simultaneous loss of both holders of a binding may
lose the registration and can briefly allow the name to be reissued. If a surviving
replica still reports the old binding, the registry detects and repairs this (§5.6).
With no surviving witness, the displaced process simply loses its registration and
is not terminated. Nothing prevents it unless reject_when_degraded is enabled,
which gives up some availability to do so.
	Availability during a partition. The disconnected or minority side cannot
register names (§5.3).
	Strong freshness from whereis_name/1. The snapshot read may briefly lag a change
made elsewhere. Use whereis_name_consistent/1 for the authoritative answer.
	Synchronous cluster-wide unregistration. unregister_name/1 normally returns ok
after the removal has committed on the leader. It does not wait for every node to
see it, because replication is asynchronous. The removal still always propagates.
We re-drive an unregister to the current leader instead of dropping it when its
commit fails, its leader is deposed, its forward is lost, or no leader is reachable.
	Preservation of a process the registry must terminate. The registry may terminate
a registered process to enforce uniqueness (§5.6). A process that is neither
restart-safe nor transient by design is not a good fit. Terminating it is intended
behaviour, not a bug.
	Automatic re-registration after failure. After a multi-fault loss, detecting the
loss and re-registering (typically via a supervisor) is the application's job.
	Rich queries. Queries support only a conjunction of exact-equality clauses over
indexed attributes. There are no ranges, OR, negation, prefix or substring
matching, ordering, pagination, or joins (§4.7).
	Querying non-indexed metadata. Only get_metadata/1 and
get_metadata_consistent/1 return data. A query never matches or filters on it.
	Durability of metadata across a full restart. Like names (item 1), metadata
lives only in memory. Applications set it again when they re-register.
	Uniqueness or constraints on indexed values. Many registrations may share an
indexed attribute and value. There is no unique-attribute constraint.
	Per-pid (cross-name) metadata. Metadata belongs to a registration, not a pid.
A process registered under several names has separate metadata for each.

8. Configuration
The defaults make the registry single-fault tolerant. The settings below trade
availability against strictness. Configuration is per registry, and you pass it at
start:
dgen_registry:start_link(orders, Tenant, #{
    register_replicas => 2,
    strict_replication => true
}).
An unset key falls back to the dgen application environment, which acts as a global
default, and then to the built-in default below.
	Setting	Default	Effect
	register_timeout	5000 ms	How long a leader-routed write (register_name/2,3, unregister_name/1, set_metadata/2) waits before the caller exits (§3).
	register_replicas	1	How many follower copies a direct registration waits for before answering yes (§5.5), capped at the number of followers. A higher value makes registrations more durable but slower.
	commit_batch_size	5000	The most write ops coalesced into one group commit. The rest go in the next commit. This bounds the work per commit, so the leader stays responsive during a burst such as the flood of DOWNs from a departing node. It affects only latency and throughput, never correctness.
	replicate_timeout	1000 ms	How long the leader waits for those confirmations before applying the timeout policy.
	strict_replication	false	The timeout policy. With false, the leader degrades open. It answers yes with whatever holders exist, possibly just one, and emits a warning and a telemetry event. With true, it fails closed. It answers no and retracts the binding. If this leader is deposed first, the next leader takes over the retraction, so the binding cannot survive.
	terminate_on_conflict	true	Whether a detected conflict (§5.6) terminates both claimants, or only raises the alarm.
	conflict_kill_budget	{3, 60000}	At most N terminations per name per window (ms) before escalating to an operator. Per name per leader term (§5.6).
	conflict_release_ttl	600000 ms	How long an explicitly released live name/pid pair stays in the release trail (§5.6). Expiry pauses while any member is disconnected and for one TTL after any member departs. Entries are tiny.
	reject_when_degraded	false	Prevents reissued names instead of repairing them (§5.6). When true, a leader whose last handoff was degraded answers no to registering a name it does not already hold. A handoff is degraded when its reconstruction stopped short of the durable version key (§5.7). Members that are merely behind or never synced do not cause this, so normal scaling up and down does not trip it. Losing every holder of a binding does. This gives up availability in exchange for prevention.
	connectivity	self_managed	Who maintains the distribution mesh (§4.6). With self_managed, this registry runs its own mesh. With provided_externally, the mesh is off, and the registry relies on a self_managed registry that runs on every node this one runs on. Otherwise the node is silently isolated, and a long stretch with no leader logs a warning. The other per-registry backstops stay active. Any other value resolves to self_managed.

9. Comparison with global, gproc, and Elixir's Registry
Elixir's Registry solves the single-node problem. global, gproc in global mode,
and dgen_registry each solve the cluster-wide one in a different way. Each is a reasonable
trade-off.
Elixir's Registry (standard library, single node)
A fast, partitioned, ETS-backed single-node registry with unique and duplicate keys,
via-tuple support, values and dispatch. If you only need names on one node, it is the
natural choice and needs no dependency. It does not provide one owner of a name across a
cluster, which is what dgen_registry is for.
global (OTP, built in)
Built into OTP with no dependency. It keeps one cluster-wide namespace, replicated on
every node and serialised by distributed locks. It leans toward availability. Both
sides of a partition keep accepting registrations, and when the partition heals, a
resolver function settles any clashes. Choose it for a zero-dependency, always-available
registry when you can define how to merge. Choose dgen_registry to guarantee a single
owner through a partition, if you can run a consistent database.
gproc (third-party)
A feature-rich, fully in-memory library. It offers names, properties, counters,
aggregated counters and ets:select-style queries. It has a fast local mode and a
global mode that elects a leader among the Erlang nodes. Much of what it offers is
outside the scope of dgen_registry, and it needs no external database. In return for
depending on a database, dgen_registry gives strict consistency and dynamic
membership. There is no node list, and stale leaders are fenced automatically.
At a glance
	Property	Elixir Registry	global	gproc (global)	dgen_registry
	Cluster-wide	No (single node)	Yes	Yes	Yes
	Ships with	Elixir stdlib	OTP	No (library)	No (library)
	External dependency	None	None	None	A CP database backend
	Coordination source	N/A (local)	Distributed locks	Leader among nodes	Strongly-consistent database
	Partition stance	N/A (local)	Stays available, merges on heal	Available, leader-coordinated	Refuses minority writes (CP)
	Membership model	Single node	Dynamic (node connections)	Leader election among nodes	Dynamic join/leave via the DB; no node list
	Scope	Names (+ duplicate keys, dispatch)	Names	Names, properties, counters, rich queries	Names + lifetime-tied metadata
	Metadata / secondary index	Values (no query)	No	Properties, counters, ets:select-style queries	index/data per registration; AND-equal query over index
	Authoritative read	Local (single node)	—	—	whereis_name_consistent/1 (get_metadata_consistent/1, query_consistent/2)
	Enforces single owner via termination	No	No	No	Yes (configurable)
	Isolated namespaces	Yes (each Registry)	No (one namespace)	Via classes/scopes	Yes (independent registries)

10. When dgen_registry is (and isn't) a good fit
Good fit when all of these hold:
	You need a strict cluster-wide singleton, and you would rather a name be briefly
unavailable than briefly owned twice.
	Your registered processes can withstand being killed.
	You can operate a consistent database such as FoundationDB.
	Any lookup beyond name → pid is a simple AND of equalities (§4.7).

Reconsider when writes must stay available on every side of a partition, you cannot
run an external database, a registered process must never be killed by the registry, or
you need counters or a general selection API.


  

    dgen_registry Message Flows

Each diagram follows one operation through the processes that take part. Time runs
downward. Message names are the tuples in the code, and E and V are the epoch
and the commit version. A member's loop never blocks on another member. Calls
between members run in spawned helpers or come from the elector.
Section numbers like §5.6 refer to the dgen_registry Design.
[image: Arrow styles: cast, call, reply, durable, monitor signal, the highlighted hop, and a lost message]
This document is LLM generated.
Register through a follower
A follower forwards the registration to the leader, which commits it, broadcasts the batch, then replies. FIFO puts the batch ahead of the reply, so the follower already holds the binding when it answers yes.
[image: Swimlane diagram: Register through a follower]
	The follower's loop never blocks on the leader. Every hop between members is a cast tagged with Ref.
	The leader answers forwarded registrations as soon as they commit. The forwarding follower is the second holder, so no replica ack is needed.
	The worker only bumps the version key. Name state lives in members' memory. The leader key read is what fences a deposed leader.

In the code: dgen_registry_member: register call, register_req, start_commit/1, apply_committed_plan/3, names_batch handler, register_reply handler.
Register on the leader's node
A registration made on the leader's own node commits, then waits for register_replicas followers to confirm they hold the batch before the caller gets yes.
[image: Swimlane diagram: Register on the leader’s node]
	replicate_sync is sent after the batch on the same channel, so FIFO delivers it only once the follower has seen the batch.
	A follower that refused the batch as a gap stays silent. It never claims to hold bindings it doesn't have.
	With no followers at all, the leader answers yes right away.

In the code: dgen_registry_member: await_replica_acks/3, replicate_sync handler, replicate_ack handler, replicate_timeout handler.
Unregister and process exit
An unregister deletes the local row at once and is committed by the leader. When a registered process exits, the leader's tagged monitor turns the exit into the same unregister batch.
[image: Swimlane diagram: Unregister and process exit]
	Only the leader monitors registered pids. The monitor's custom tag carries the name, so the DOWN says which name to clear.
	A retract only clears the name if the same pid still holds it, so it never removes a later registration.

In the code: dgen_registry_member: route_unregister/3, unregister_req, {down, Name} handler, monitor_name/2.
Snapshot and consistent reads
A snapshot read is a lock-free ETS lookup with no messages. A consistent read goes to the leader, and a helper checks the durable leader key before it replies to the caller directly.
[image: Swimlane diagram: Snapshot and consistent reads]
	The snapshot table is protected. The member is its only writer, and callers read it without locking.
	get_metadata_consistent/1 and query_consistent/2 take the same path with their own request tags.
	Neither the follower nor the leader waits for the backend. The reply goes straight to the caller's From.

In the code: dgen_registry: whereis_name/1; dgen_registry_member: forward_read/5, whereis_req, reply_fenced/4.
A member joins
A joining member announces itself through the elector's durable queue. The elector keeps the sticky leader, and the leader onboards the joiner with one snapshot while existing followers only start monitoring it.
[image: Swimlane diagram: A member joins]
	Every node runs an elector process over the same durable state. Whichever one consumes the join runs the action.
	Because the snapshot comes from the leader process, FIFO puts it ahead of every later names_batch the joiner sees.
	The first member to join finds no leader, so the elector elects it with a new epoch and it takes the full handoff path.

In the code: dgen_registry_elector: join transaction; dgen_registry_elector_actions: push_leader_to_members/1; dgen_registry_member: leader assume call, assume_leadership_fast_path/6, cast_data_to_new_member/4.
Leader failure and handoff
When the leader dies, survivors report it to the elector, which elects a new leader in a new epoch. The new leader gathers every replica, waits until it has caught up to the durable version, and sends each member a snapshot in the new epoch.
[image: Swimlane diagram: Leader failure and handoff]
	F sends its own member_down too. The elector drops the second one because L0 is already gone.
	The new leader key fences L0. If L0 is alive but cut off, its next commit aborts.
	Ending at the deadline without reaching the frontier marks the leader degraded. A committed binding may be missing, and §5.6 repairs it.
	A forwarded registration that reaches N while it is assuming is postponed until the gather finishes.

In the code: dgen_registry_member: peer DOWN handler, prepare_to_assume_leadership/6, gather_until_caught_up/7, assume_gathered; dgen_registry_elector: member_down transaction, elect_leader/5.
Gap detection and resync
Each batch names the version it follows. A follower that sees a gap applies nothing and asks the leader for a snapshot. The heartbeat exposes a lost tail, and a batch from a later epoch always counts as a gap.
[image: Swimlane diagram: Gap detection and resync]
	Applying batches whole and in order keeps every replica a prefix of the leader's stream. Two replicas at the same version hold the same content.
	A batch from an older epoch is dropped as stale, and one at or behind the applied version is a duplicate.
	The leader sends the heartbeat every 5 s.

In the code: dgen_registry_replica: offer_batch/5; dgen_registry_member: request_resync/2, resync_req, broadcast_heartbeat/1.
A held yes across a leader change
A follower holding a yes from epoch E drops it when a snapshot moves it into a later epoch, and sends the registration to the new leader again instead of answering from versions the new leader produced.
[image: Swimlane diagram: A held yes across a leader change]
	A yes from an epoch F has already left is re-dispatched along the current route, not held.
	A yes from an epoch F hasn't reached yet is held, and F asks for a resync to get there.
	The TLA+ config NoEpochFence turns this off and finds the false ack.

In the code: dgen_registry_intents: on_reply/5, on_version/2; dgen_registry_replica: offer_batch/5; dgen_registry_member: apply_names_snapshot.
A deposed leader is fenced
A leader cut off from the cluster keeps trying to commit. The backend rejects its commit because the leader key names a newer leader, and the old leader hands its work back and rejoins.
[image: Swimlane diagram: A deposed leader is fenced]
	The commit reads the leader key, or adds a read conflict on it. A newer leader key aborts the commit.
	A forwarded registration in the failed batch is dropped. Its follower re-drives it to the new leader.

In the code: dgen_registry_member: handle_commit_result/3, maybe_rejoin/1; dgen_registry_names: verify_leader/4.


  

    dgen_registry Formal Model

A TLA+ model of the replication protocol in
src/dgen_registry/dgen_registry_member.erl
(design: docs/design/dgen_registry_design.md
§4.5, §5). TLC checks its safety properties against every interleaving of a
small bounded cluster. Tests can only sample interleavings; the
simulation harness covers the
other side: it checks that the real code implements this protocol.
What it models
One module, DgenRegistryReplication.tla:
	Fenced commit: the leader is the only writer. A commit succeeds only if
the durable leader key and epoch still match.
	Version-stamped broadcasts: one per commit version, carrying {Epoch, PrevVersion, Version}. Followers apply only contiguous broadcasts.
	Resync: a follower with a gap requests a snapshot from its stream's
sender.
	Forwarded registrations, version-guarded acks: a follower answers its
caller only after its replica has applied the batch, in the epoch that
committed it (EpochFencedAck).
	Direct registrations, replicate-before-ack: the leader waits for a
follower to confirm before answering yes. The degrade-open timeout is a
constant.
	Leadership handoff (§5.7): the new leader gathers the freshest live
replica and fans out a snapshot. Two separate constants guard it: the
durable-version-key fence on the gather (SafeAssumeGather) and the
version-monotonic snapshot apply (SafeAssumeSnap).
	Replication heartbeat: the leader's periodic empty batch stamped
{Applied, Applied}, which reveals a gap even when there is no traffic. At
most one is in flight per leader. A deposed leader that hasn't been told yet
can still send one, and that case is checked.
	Failures: member crash (bounded by MaxCrashes) and message loss with
Erlang's signal ordering (per-pair FIFO, arbitrary loss).

Deliberately out of scope: unregister, retract and DOWN cleanup; the
§5.6 conflict trail and kill budget; metadata, queries and presence; membership
joins and partial gathers, including the continuing-leader join fast path
(assume_leadership_fast_path/6 / cast_data_to_new_member / {peer_joined}); register_replicas > 1 (RecvAck resolves on the first follower ack); Erlang-distribution-only
partitions. The simulation harness covers register/unregister concurrency. The
module header in the .tla has the full scope note.
Checked properties
	Invariant	Meaning	Design doc
	TypeOK	state stays within declared shapes	—
	PrefixConsistency	every live member's replica equals the committed history at its applied version	§4.5, §5.7
	LeaderEpochUnique	two members may both believe they lead only under different epochs	§4.2, §5.1
	UniqueBinding	at most one pid is ever acked yes per name	Guarantee 1
	DurableAcked	every acked registration has enough version-visible holders to survive MaxCrashes	Guarantee 4, §5.5
	DegradedFlagSound	an assume that did not flag itself degraded (gathered max version reached the durable version key) adopted exactly the committed map	§5.6, §8 reject_when_degraded

"All invariants hold" is a claim about the fail-closed setting
(strict_replication = true). The default is degrade-open. See
DegradeOpenSafety below for what it still guarantees.
Configs
Each config is formal/<Name>.cfg. Passing configs take minutes. Failing ones
take seconds.
	Config	Expect	What it shows
	DgenRegistryReplication	pass	all six invariants, full depth, heartbeat off
	DgenRegistryReplicationHeartbeat	pass	the first five with the heartbeat on (MaxVersion = 2)
	DgenRegistryReplicationDegradeOpenSafety	pass	the default degrade-open mode keeps everything except DurableAcked
	DgenRegistryReplicationDegradedAssume	pass	with the gather deadline modeled, DegradedFlagSound holds: the flag never misses an incomplete reconstruction
	DgenRegistryReplicationLeaderGoneAssume	pass	the gather stops waiting once every live member has handled its old leader's DOWN. All six invariants hold. The plain deadline can't keep DurableAcked, but this exit only fires once nothing more can arrive from the old leader
	DgenRegistryReplicationHandoffRace	fail	the pre-§5.7 handoff (both SafeAssume* off): one crash loses an acked registration (DurableAcked)
	DgenRegistryReplicationHandoffRaceUnique	fail	the same race checked against UniqueBinding alone: the freed name is re-issued to a second pid
	DgenRegistryReplicationHandoffGatherOnly	fail	the gather fence alone off: it is needed on its own
	DgenRegistryReplicationSnapMonotonicOnly	fail	the snapshot guard alone off, with EpochFencedAck also off: it was needed on its own. The epoch fence alone also closes this race (see the .cfg)
	DgenRegistryReplicationNoGuard	fail	optimistic follower acks (VersionGuardedAck = FALSE) lose DurableAcked
	DgenRegistryReplicationDegradeOpen	fail	degrade-open (strict_replication = false) loses DurableAcked
	DgenRegistryReplicationAckReachable	fail	vacuity canary: NoAcks fails, so acks are actually reachable
	DgenRegistryReplicationDegradedReachable	fail	vacuity canary: NoDegradedAssume fails, so degraded assumes are actually reachable
	DgenRegistryReplicationLeaderGoneReachable	fail	vacuity canary: with the deadline off, NoDegradedAssume fails, so the leader-gone exit is actually taken
	DgenRegistryReplicationNoEpochFence	fail	EpochFencedAck = FALSE: a follower releases a held ack when a later leader's batch passes its version, though that leader took over without the commit (DurableAcked)

If a vacuity canary ever passes, the model has stopped exercising its
behaviour, and a green run on the other configs means much less.
Spec ↔ code map
	Spec	Code
	Elect	dgen_registry_elector committing a membership/leadership change (abstracted to one durable write)
	AssumeGather (incl. the SafeAssumeGather version-key fence)	the assuming statem state: prepare_to_assume_leadership/6 → spawn_leadership_gather → gather_until_caught_up/7 → the {assume_gathered} continuation, valid only in assuming for its arming ref. The continuing-leader join fast path (assume_leadership_fast_path/6 / cast_data_to_new_member / {peer_joined}) dispatches in the leader state and is out of scope
	HeartbeatBcast / RecvHeartbeat	handle_event(info, replica_heartbeat, leader, …) → broadcast_heartbeat/1 ({names_batch, [], E, V, V, Self}) / the empty batch through dgen_registry_replica:offer_batch/5
	CanCommit's dbLeader/dbEpoch conjuncts	the fenced version-key bump in dgen_registry_names:start_commit/4 (§5.1)
	RegisterForward	follower route_register forward → leader {register_req} → group commit → broadcast_batch/5 + {register_reply, Ref, yes, Version}
	RegisterDirect + RecvSync/RecvAck	leader-local route_register → dgen_registry_pipeline:await_acks/5 / {replicate_sync} / {replicate_ack} → dgen_registry_pipeline:record_ack/3
	DegradeTimeout	handle_info({replicate_timeout, _}) with strict_replication = false
	RecvBcastApply/Drop/Gap	dgen_registry_replica:offer_batch/5 → applied / stale_epoch+duplicate / gap (one {names_batch, …} per commit version). A batch from a later epoch is a gap (Later). The member's {names_batch} handler reacts to the verdict
	RecvReply	dgen_registry_intents:on_reply/5 incl. the awaiting_version phase. The reply carries the leader's epoch, and a held ack keeps it. Flushes are dgen_registry_intents:on_version/2, called from the {names_batch} handler's applied branch and on an accepted snapshot. Both release only in the held ack's epoch. On a leadership change, or once our replica passes that epoch, the code re-drives a deferred ack as a fresh forward (redrive/5) where the spec drops it: a fresh RegisterForward in spec terms
	RecvSnap (incl. the SafeAssumeSnap version-monotonic guard)	dgen_registry_replica:offer_snapshot/4 (the Epoch >= CurEpoch andalso V >= Applied guard), called from handle_cast({apply_names_snapshot, ...})
	ServeResync / resyncReq	{resync_req} handler / request_resync/2
	Crash	member/node death; the ETS replica dies with the process
	ObserveDown / leaderDown (with LeaderGoneAssume)	the peer-monitor 'DOWN' handler setting leader_down when the dead member is our leader. get_names_snapshot reports it, and gather_until_caught_up/7 stops waiting once our own flag and every peer's are set
	DropMsg	casts lost on an Erlang-distribution disconnect (signal-ordering semantics)

The member's gen_statem states (searching/assuming/leader/follower)
correspond to what leaderView[m]/epoch[m]/mid-assume encode in the spec.
Gap/resync, leader reachability and the commit pipeline are per-member
variables on both sides.
Keep this table in sync whenever either side changes. If the two drift, TLC
keeps passing and the tests keep passing, but they no longer describe the same
protocol.
Running
formal/check.sh DgenRegistryReplication            # expect pass
formal/check.sh DgenRegistryReplicationNoGuard fail  # expect fail

check.sh <Config> [pass|fail] runs TLC and checks the result against the
expectation. It needs Java 11+ and nothing else. It uses the TLC jar checked in
at formal/vendor/tla2tools-v1.8.0.jar. To use a different TLC, set
TLA2TOOLS_JAR or put the jar at formal/tla2tools.jar (gitignored). Each run
gets its own temporary metadir, so concurrent runs are safe.
CI (.github/workflows/formal.yml) runs every config in the table above with
its expected result on every push and PR.


  

    dgen_registry Simulation Harness

Fault-injecting simulation of the replication protocol (§4.5, §5 of
the design doc), run against the
real dgen_registry code in a single BEAM.
formal/ proves an abstraction of the protocol
correct by checking every interleaving. This harness checks that the
implementation matches the protocol, by sampling interleavings of the real
code. The properties in DGen.Sim.Invariants have the same names as the
invariants in DgenRegistryReplication.tla. A violation found here should be
reproducible in the model, and the other way round. If it isn't, one of the two
is wrong about the system.
Running
mix dst                 # every :simulation-tagged sweep, on the dgen_mem backend
mix dst --seed 0        # extra arguments pass through to mix test

There are two suites:
	test/dgen_registry_eta_test.exs is fully deterministic. It runs the
cluster under eta_run on dgen_mem, and one seed controls the scheduler,
the clock and the network. Use it when a failure has to replay exactly. It
checks that it is deterministic: each seed runs three times and must produce
one trace, and every eta_run:audit/1 check is fatal. The sweeps are the
lossy replication stream (drop_p) and node faults (fault_p).
	test/dgen_registry_sim_test.exs runs in real time on the real scheduler.
The fault schedule is seeded, but process scheduling and timers are not, so a
failure can be reproduced at the fault level but not bit-for-bit.

mix dst runs only the :simulation sweeps. The other tests in both suites run
under an ordinary mix test. The deterministic ones need
DGEN_BACKEND=dgen_mem, and test_helper.exs lists what each backend excludes.
A failure message includes its seed. Re-run that seed to reproduce it. A
recorded eta trace replays with DGen.Sim.RegistryHarness.replay_fixture/2.
test/fixtures/partial_batch.eta is the pinned example.
Mutation suites. Two defects can be compiled in on purpose to show the
suite catches them. Both are opt-in, and the build is test-only:
DGEN_MUTATION=partial_batch DGEN_BACKEND=dgen_mem mix test --only mutation
DGEN_MUTATION=quiet_resync mix test --only mutation_quiet

Invariants
From DGen.Sim.Invariants. Each one returns :ok or {:violation, details}
and must not raise on a cluster that is partly torn down.
	When	Property
	always	leader_epoch_unique/1
	at quiescence	same_version_same_replica/1 (check_quiescent/1)
	after convergence	unique_binding/2, acked_bindings_present/2
	end of an eta_run	RegistryHarness.check_final/2: acked_bindings_present/2 plus a UniqueBinding check over the history of yes acks (the spec's acked set)

same_version_same_replica is checked only once the cluster is converged.
Members write their replica optimistically: route_unregister/3 deletes a row
straight away, and a follower inserts a row when the leader's yes arrives. In
both cases applied_version doesn't advance. So two members at the same version
can legitimately differ until the batch arrives. A difference that is still
there after healing and quiescence is a bug.
How it works
	keyspace (dgen_registry:start_link/3) separates a member's identity
from its durable keyspace. That lets N members with different names share one
registry's elector queue, leader key and version key in one VM. Each member is
a complete, real supervision tree.
	eta_net: every message between members goes through
dgen_registry_member:cast_to_member/2. eta_transform rewrites the
gen_server:cast/2 under it to eta_net:cast/2, so eta_net controls
delivery. A module needs -include("dgen_eta.hrl") if it runs inside a
scheduled process, even if it doesn't own one. The API modules dgen and
dgen_registry are examples.
	dgen_registry:status/1 reports each member's own view of leader, epoch,
sync state and applied version. The invariants compare these across members.
	DGen.Sim.Cluster starts, faults and heals the cluster.
DGen.Sim.RegistryHarness adapts it to eta_harness: it starts the
cluster, picks which processes to schedule, runs the workload and checks the
result. Its moduledoc lists the real-time dependencies that had to be removed
before runs became deterministic.

Fault model
Only faults that Erlang distribution can actually produce are injected. For each
ordered {from, to} pair, the network can deliver, drop, delay or
cut a message. It never reorders messages within a pair, which matches the
spec's DropMsg. Injecting reordering would only produce false positives.
A lost message comes with a link signal. In real distribution, messages are
lost because a link failed, and the failure sends nodedown/nodeup to both
ends. The registry relies on those signals: the member's {nodeup, _} handler re-joins
and re-drives stashed unregisters. So Cluster.converge/2 heals through
eta_net:heal_partition/3 with a nodeup signal. A fault model that leaves out
these signals produces failures that look like product bugs but aren't.
Topology decides what is faultable. Cluster.place_members/1 puts each
member's tree on its own simulated node. eta_net faults a send only when both
ends are faultable and on different nodes. Anything a member spawns inherits its
node and whether it can be faulted. The elector and connector are attached:
they are on the node but never on the wire, because their messages stand in for
operations on the durable store. If they were faultable, the run would produce
failures the real system can't have. If they weren't on any node, they would
survive a node kill that took down their own member.
Node faults
partition/4, heal_partition/4, isolate/3 and kill_node/3 on
DGen.Sim.Cluster inject link-level failures, along with the events each one
causes:
		messages	{nodedown, Peer}	noconnection DOWNs	processes die
	set_policy loss	dropped at random	—	—	—
	cut/2	dropped on one channel	—	—	—
	partition/4	both directions cut	both sides	across the cut	—
	kill_node/3	in flight cancelled	survivors	across the node	the whole tree
	crash/2	—	—	—	the whole tree

Each side gets its own signal: A is told {nodedown, member_2} and B is told
{nodedown, member_1}. %{learns: :a} makes the signal one-sided. With
kill_node/3, peer monitors report noconnection. With crash/2, they report
killed. The supervisor is frozen before the kill so one_for_all can't
restart the node.
Peer monitors are simulated (and so can be severed) only if both ends are already
on different simulated nodes when the monitor is created. Cluster.start/3's
:simulate_peer_monitors holds each member with sys:suspend/1 until every
tree has been placed. Without that, which monitors were simulated would depend
on real-time luck. It stays off in the real-time suite, because a simulated
monitor never fires on a crash when no scheduler is running.
eta_net:stats/0 counts dropped, signalled and noconnection. The sweeps
assert on these counts so that a run that injected nothing can't count as a
pass. stray_timers is allowed on the node-fault sweep only: a killed node's
timers outlive it, and a call blocked behind a cut waits on a virtual timeout
that the run never reaches.
Not simulated: net_kernel. A simulated node is only a name. nodes()
doesn't list it, and dgen_utils:node_reachable/1 returns true for every
member. So dgen_registry_member's signal-driven reactions are covered, but
dgen_registry_connector's node-keyed backstops (the {nodedown, Node} reap
and the leader-liveness probe) are not. Those belong in
dgen_registry_cluster_test.exs, which uses real peers.
Findings
Defects this harness found. All are fixed. Tests and the spec refer to them by
number.
	Partially delivered group commit. A batch used to go out as one message
per name, all with the same version. A member that received only some of them
reported the full version, and gap detection couldn't see the hole. The fix
ships a batch as a single {names_batch, …} message, which also matches the
spec's one broadcast per version. Regression: "dropping a batch leaves a detectable gap that resyncs, not a silent hole".
	Gap detection needed traffic. A follower that lost the tail of the stream
stayed behind for as long as the cluster was idle. The fix is the leader's
periodic empty-batch heartbeat. Regression: "a follower that loses the tail of the stream still converges when quiescent".
	Unprotected send in the mesh nudge. A send inside try ... of wasn't
covered by the catch, so sending to a member that had exited crashed the
helper.
	dgen and dgen_registry weren't built with the eta transform. Their
gen_server:calls escaped the scheduler. This was a simulation-only gap.
	is_telemetry_available/0 called code_server from inside a member. It is
now resolved in init/1.
	set_metadata/2 and unregister_name/1 ignored register_timeout.
	One unregister freed a name twice. An optimistic delete plus an
unconditional remove let a parked register get yes while an acked binding
still stood, and then deleted it. plan_op/3 now clears a name only if the
current holder is the pid the unregister targeted. Found by the ack-history
check in check_final/2. Replica comparisons can't catch it, because every
member agrees on the same wrong history.
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OTP-compatible process registry backed by the configured storage backend.
Processes started with a {:via, DGen.Registry, {name, logical_name}} tuple
can be addressed by name across an Erlang/Elixir cluster.
Starting a registry
{:ok, _sup} = DGen.Registry.start_link(:my_registry, tenant)
start_link/2,3 returns the pid of the supervisor. Keep that pid if you
need it later, for example to pass to Supervisor.stop/2. You can't look the
supervisor up by name, as "Process identity" below explains.
Via-tuple usage
via = {:via, DGen.Registry, {:my_registry, :user_service}}
GenServer.start_link(MyServer, [], name: via)
GenServer.call(via, :ping)
Process identity
Starting a registry creates zero atoms. The caller supplies name, and this
module never generates one. Neither the supervisor nor the elector has a
registered name. Only the member is registered, under name itself, and no
other atom is derived from it. This matters for applications that start many
registries dynamically, such as one per tenant. Atoms are never
garbage-collected, so we avoid creating any beyond the one the caller chose.
Consistency model
register_name/2, unregister_name/1, and whereis_name_consistent/1
route through the elected leader. The OTP via-tuple machinery uses
whereis_name/1, which the calling process serves itself without locks. It
reads the local member's ETS table directly, with no round-trip to the member
and no network hop. Right after a registration, replication takes a moment to
reach other nodes. During that window, a snapshot read on a follower node may
still return nil.
Metadata and queries
A registration can carry metadata for as long as it lives. register_name/3
and set_metadata/2 attach an index map, which queries can search, and an
opaque data payload. get_metadata/1 reads the metadata back without locks,
like whereis_name/1. get_metadata_consistent/1 asks the leader, like
whereis_name_consistent/1. query/2 and query_consistent/2 find every
registration whose index matches all of a set of exact equalities.
This documentation is LLM-generated. See the AI disclosure in README.md.
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    Functions
  


    
      
        await_ready(registry_name)

      


        Blocks until ready/1 holds, or 5s elapses. Returns :ok or {:error, :timeout}.



    


    
      
        await_ready(registry_name, timeout)

      


        Blocks until the registry on this node is ready to serve registrations, or
timeout ms elapses. Returns :ok or {:error, :timeout}. Use after starting
or joining a cluster to wait out leader election and the join handoff.



    


    
      
        child_spec(arg)

      


    


    
      
        delete(registry_name, tenant)

      


        Removes all of the registry's durable backend state: membership, the leader and
version keys, and subscriptions. Returns :ok.



    


    
      
        elector_pid(registry_name)

      


        Returns the current elector pid for registry_name, or nil (:undefined)
if the member, and so the elector, cannot be found right now.



    


    
      
        get_epoch(registry_name)

      


        Returns the current leader epoch. Increments each time a new leader is elected.



    


    
      
        get_leader(registry_name)

      


        Returns the current leader member id, or :undefined if none is elected.



    


    
      
        get_members(registry_name)

      


        Returns the list of all current member ids [{node, member_atom}] in the registry.



    


    
      
        get_metadata(name)

      


        Reads a registration's metadata from the local snapshot. Like
whereis_name/1, the calling process reads it directly without locks.



    


    
      
        get_metadata_consistent(name)

      


        Reads a registration's metadata through the leader. The answer is
authoritative and never stale.



    


    
      
        member_name(registry_name)

      


        Returns the registered name of the member process for the given registry name.



    


    
      
        names_table(registry_name)

      


        Returns the ETS table name holding the registry's local name => pid replica.



    


    
      
        query(registry_name, constraints)

      


        Finds every registration in registry_name whose indexed metadata matches
all of constraints. Each constraint is an exact equality.



    


    
      
        query_consistent(registry_name, constraints)

      


        Like query/2, but asks the leader, so the result is authoritative and never stale.



    


    
      
        ready(registry_name)

      


        Returns whether the registry on this node can serve registrations right now.
That means a leader is known and this member has synced. To wait for it, use
await_ready/2.



    


    
      
        register_name(name, pid)

      


        Registers pid under {registry_name, logical_name}.



    


    
      
        register_name(name, pid, meta_spec)

      


        Registers pid under {registry_name, logical_name} with metadata, in a
single commit by the leader.



    


    
      
        send(name, msg)

      


        Sends msg to the process registered as name, returning the pid.



    


    
      
        set_metadata(name, meta_spec)

      


        Replaces the metadata of the existing registration {registry_name, logical_name}.



    


    
      
        start_link(arg)

      


    


    
      
        start_link(name, tenant)

      


        Starts the registry name with default options.



    


    
      
        start_link(name, tenant, opts)

      


        Starts the registry name with per-registry options opts.



    


    
      
        status(registry_name)

      


        Returns how the member on this node sees the registry, as a map with :member_id,
:leader, :is_leader, :epoch, :synced, and :applied_version.



    


    
      
        subscribe(registry_name, sub_id, watch, notify)

      


        Creates or updates the durable presence subscription sub_id. It keeps the
processes matching notify up to date with the set of processes matching watch.



    


    
      
        subscriptions(registry_name)

      


        Returns the registry's durable presence subscriptions as
%{sub_id => {watch, notify}}. Every node sees the same set.



    


    
      
        unregister_name(name)

      


        Removes the registration for {registry_name, logical_name}. Returns :ok.



    


    
      
        unsubscribe(registry_name, sub_id)

      


        Removes the durable presence subscription sub_id created by subscribe/4. Returns
:ok. It is safe to call more than once, and it is applied asynchronously.



    


    
      
        unsubscribe_all(registry_name)

      


        Removes all durable presence subscriptions from the registry. Returns :ok. The
removal is applied asynchronously.



    


    
      
        whereis_name(name)

      


        Looks up name in the local snapshot. The calling process reads the local
member's ETS table directly, without locks or a round-trip to the member.



    


    
      
        whereis_name_consistent(name)

      


        Looks up name through the leader.



    





      


      
        Functions


        


  
    
      
    
    
      await_ready(registry_name)



        
          
        

    

  


  

Blocks until ready/1 holds, or 5s elapses. Returns :ok or {:error, :timeout}.

  



  
    
      
    
    
      await_ready(registry_name, timeout)



        
          
        

    

  


  

Blocks until the registry on this node is ready to serve registrations, or
timeout ms elapses. Returns :ok or {:error, :timeout}. Use after starting
or joining a cluster to wait out leader election and the join handoff.

  



  
    
      
    
    
      child_spec(arg)



        
          
        

    

  


  

      

          @spec child_spec(Keyword.t()) :: Supervisor.child_spec()


      



  



  
    
      
    
    
      delete(registry_name, tenant)



        
          
        

    

  


  

Removes all of the registry's durable backend state: membership, the leader and
version keys, and subscriptions. Returns :ok.
Stop the registry supervisor first, then call this with the tenant you started it
with. A running elector would write the keys again from its in-memory state. This
clears only this registry's keys, not those of other registries in the same tenant.

  



  
    
      
    
    
      elector_pid(registry_name)



        
          
        

    

  


  

Returns the current elector pid for registry_name, or nil (:undefined)
if the member, and so the elector, cannot be found right now.
The elector has no registered name. We find it through the supervisor it
shares with the member, which is a local lookup with no network hop.
get_leader/1, get_epoch/1, and get_members/1 use it internally, and it is
exported for introspection.

  



  
    
      
    
    
      get_epoch(registry_name)



        
          
        

    

  


  

Returns the current leader epoch. Increments each time a new leader is elected.

  



  
    
      
    
    
      get_leader(registry_name)



        
          
        

    

  


  

Returns the current leader member id, or :undefined if none is elected.

  



  
    
      
    
    
      get_members(registry_name)



        
          
        

    

  


  

Returns the list of all current member ids [{node, member_atom}] in the registry.

  



  
    
      
    
    
      get_metadata(name)



        
          
        

    

  


  

Reads a registration's metadata from the local snapshot. Like
whereis_name/1, the calling process reads it directly without locks.
Returns {:ok, %{pid: pid, index: map, data: term}} for a registered name,
or nil (:undefined) if not registered.

  



  
    
      
    
    
      get_metadata_consistent(name)



        
          
        

    

  


  

Reads a registration's metadata through the leader. The answer is
authoritative and never stale.
Returns the same shape as get_metadata/1.

  



  
    
      
    
    
      member_name(registry_name)



        
          
        

    

  


  

Returns the registered name of the member process for the given registry name.
Today this returns its argument unchanged, because the member is registered
under name itself.

  



  
    
      
    
    
      names_table(registry_name)



        
          
        

    

  


  

Returns the ETS table name holding the registry's local name => pid replica.
Today this returns its argument unchanged. It is exported for introspection.
Ordinary callers should use whereis_name/1 or get_metadata/1 rather than
reading the table directly.

  



  
    
      
    
    
      query(registry_name, constraints)



        
          
        

    

  


  

Finds every registration in registry_name whose indexed metadata matches
all of constraints. Each constraint is an exact equality.
Reads the snapshot on the local member. It never sees a group commit that is
only partly applied. Returns a list of %{name:, pid:, index:, data:}
matches, or {:error, :empty_query} if constraints is empty.

  



  
    
      
    
    
      query_consistent(registry_name, constraints)



        
          
        

    

  


  

Like query/2, but asks the leader, so the result is authoritative and never stale.

  



  
    
      
    
    
      ready(registry_name)



        
          
        

    

  


  

Returns whether the registry on this node can serve registrations right now.
That means a leader is known and this member has synced. To wait for it, use
await_ready/2.

  



  
    
      
    
    
      register_name(name, pid)



        
          
        

    

  


  

Registers pid under {registry_name, logical_name}.
Routes through the local member, which forwards to the leader if needed.
Returns :yes on success. Returns :no if another live process holds the
name, or if an opt-in policy refuses it (design doc §8).
If no leader is reachable, the call waits for one. It exits if nothing decides
within register_timeout (design doc §3).

  



  
    
      
    
    
      register_name(name, pid, meta_spec)



        
          
        

    

  


  

Registers pid under {registry_name, logical_name} with metadata, in a
single commit by the leader.
meta_spec is %{index: map(), data: term()}. Both keys are optional, and
default to %{} and nil. Answers the same way as register_name/2.

  



  
    
      
    
    
      send(name, msg)



        
          
        

    

  


  

Sends msg to the process registered as name, returning the pid.
Raises {:badarg, {name, msg}} if the name is not registered.
Called internally by OTP for {:via, …} routing.

  



  
    
      
    
    
      set_metadata(name, meta_spec)



        
          
        

    

  


  

Replaces the metadata of the existing registration {registry_name, logical_name}.
meta_spec is %{index: map(), data: term()}. Both keys are optional. This
replaces the metadata rather than merging, so an omitted key becomes %{} or
nil. Returns :ok, or {:error, :not_registered} if the name is not
currently registered. Returns {:error, :no_leader} if no leader is elected,
or if leadership changed before the leader answered. In that case, retry.

  



  
    
      
    
    
      start_link(arg)



        
          
        

    

  


  

      

          @spec start_link(Keyword.t()) :: Supervisor.on_start()


      



  



  
    
      
    
    
      start_link(name, tenant)



        
          
        

    

  


  

Starts the registry name with default options.
Returns {:ok, sup_pid}. The supervisor has no registered name, as
"Process identity" above explains.

  



  
    
      
    
    
      start_link(name, tenant, opts)



        
          
        

    

  


  

Starts the registry name with per-registry options opts.
See docs/design/dgen_registry_design.md (§8 Configuration) for the
available settings, such as register_replicas, strict_replication and
connectivity. Set connectivity: :provided_externally to turn off this
registry's own distribution mesh. It then relies on the connections that
another registry maintains (§4.6).

  



  
    
      
    
    
      status(registry_name)



        
          
        

    

  


  

Returns how the member on this node sees the registry, as a map with :member_id,
:leader, :is_leader, :epoch, :synced, and :applied_version.
This is what the member believes, which can differ from the committed answer
that get_leader/1 gets from the elector. For example, a deposed leader that has
not yet heard about the handoff still reports is_leader: true here. It has no
side effects. Returns :undefined if the member is not running.

  



  
    
      
    
    
      subscribe(registry_name, sub_id, watch, notify)



        
          
        

    

  


  

Creates or updates the durable presence subscription sub_id. It keeps the
processes matching notify up to date with the set of processes matching watch.
watch and notify are queries. Each is {:all, %{attr => value}}, or a bare map,
which is read as {:all, map}. sub_id is any application term. Subscribing again
with the same sub_id replaces the earlier subscription. Whenever a committed batch
changes which processes match watch, every process currently matching notify
receives one message {:dgen_presence, sub_id, events}. events is a non-empty list
of {:joined, name, pid} and {:left, name, pid} tuples. When a process enters the
notify set, it first gets the current watch set as :joined events, and then the
changes after that. This happens both at subscribe time and when a process registers
into notify later. So you can create the subscription before any viewer exists.
The subscription is durable. The elector stores it in its backend state, so it
outlives the cluster. If you tie its lifetime to a database entity, presence comes
back intact after the cluster scales to zero and back. The request is sent as a
durable cast and applied asynchronously, so :ok only means it was accepted.
subscriptions/1 shows it shortly after. Returns :ok, or {:error, :empty_query}
if either query is empty.

  



  
    
      
    
    
      subscriptions(registry_name)



        
          
        

    

  


  

Returns the registry's durable presence subscriptions as
%{sub_id => {watch, notify}}. Every node sees the same set.

  



  
    
      
    
    
      unregister_name(name)



        
          
        

    

  


  

Removes the registration for {registry_name, logical_name}. Returns :ok.
Works like the register path. The local member updates its snapshot right
away and forwards the removal to the leader. :ok normally means the leader
committed it. If the leader is unreachable, the member holds on to the
removal and sends it again when leadership changes or the member rejoins. An
explicit unregister is never silently lost (design doc, Non-goal 5).

  



  
    
      
    
    
      unsubscribe(registry_name, sub_id)



        
          
        

    

  


  

Removes the durable presence subscription sub_id created by subscribe/4. Returns
:ok. It is safe to call more than once, and it is applied asynchronously.

  



  
    
      
    
    
      unsubscribe_all(registry_name)



        
          
        

    

  


  

Removes all durable presence subscriptions from the registry. Returns :ok. The
removal is applied asynchronously.

  



  
    
      
    
    
      whereis_name(name)



        
          
        

    

  


  

Looks up name in the local snapshot. The calling process reads the local
member's ETS table directly, without locks or a round-trip to the member.
Never blocks on the leader or the backend. On a follower node it may be
briefly stale, between a registration on another node and the replication
message arriving here. Returns nil (:undefined) if not found.

  



  
    
      
    
    
      whereis_name_consistent(name)



        
          
        

    

  


  

Looks up name through the leader.
Returns the authoritative pid for {registry_name, logical_name}, or
nil (:undefined) if not registered. It costs more than whereis_name/1,
but it is never stale.

  


        

      


  

    
DGen.Server behaviour
    




      
        Summary


  
    Callbacks
  


    
      
        handle_call(request, from, state)

      


    


    
      
        handle_call_tx(tx_ctx, request, from, state)

      


    


    
      
        handle_cast(msg, state)

      


    


    
      
        handle_cast_tx(tx_ctx, msg, state)

      


    


    
      
        handle_info(info, state)

      


    


    
      
        handle_info_tx(tx_ctx, info, state)

      


    


    
      
        handle_locked(db_ctx, event_type, msg, state)

      


    


    
      
        init(args)

      


    





  
    Functions
  


    
      
        call(server, msg)

      


        See :dgen_server.call/2.



    


    
      
        call(server, msg, timeout)

      


        See :dgen_server.call/3.



    


    
      
        cast(server, msg)

      


        See :dgen_server.cast/2.



    


    
      
        cast_k(server, msg)

      


        See :dgen_server.cast_k/2.



    


    
      
        kill(server, reason)

      


        See :dgen_server.kill/2.



    


    
      
        outbox_cast(server)

      


        See :dgen_server.outbox_cast/1.



    


    
      
        outbox_cast(server, timeout)

      


        See :dgen_server.outbox_cast/2.



    


    
      
        priority_call(server, msg)

      


        See :dgen_server.priority_call/2.



    


    
      
        priority_call(server, msg, timeout)

      


        See :dgen_server.priority_call/3.



    


    
      
        priority_cast(server, msg)

      


        See :dgen_server.priority_cast/2.



    


    
      
        start(module, init_arg, options \\ [])

      


    


    
      
        start_link(module, init_arg, options \\ [])

      


    





      


      
        Callbacks


        


  
    
      
    
    
      handle_call(request, from, state)


        (optional)


        
          
        

    

  


  

      

          @callback handle_call(request :: term(), from :: term(), state :: term()) ::
  {:reply, reply :: term(), new_state :: term()}
  | {:noreply, new_state :: term()}


      



  



  
    
      
    
    
      handle_call_tx(tx_ctx, request, from, state)


        (optional)


        
          
        

    

  


  

      

          @callback handle_call_tx(
  tx_ctx :: map(),
  request :: term(),
  from :: term(),
  state :: term()
) ::
  {:reply, reply :: term(), new_state :: term()}
  | {:noreply, new_state :: term()}


      



  



  
    
      
    
    
      handle_cast(msg, state)


        (optional)


        
          
        

    

  


  

      

          @callback handle_cast(msg :: term(), state :: term()) :: {:noreply, new_state :: term()}


      



  



  
    
      
    
    
      handle_cast_tx(tx_ctx, msg, state)


        (optional)


        
          
        

    

  


  

      

          @callback handle_cast_tx(tx_ctx :: map(), msg :: term(), state :: term()) ::
  {:noreply, new_state :: term()}


      



  



  
    
      
    
    
      handle_info(info, state)


        (optional)


        
          
        

    

  


  

      

          @callback handle_info(info :: term(), state :: term()) :: {:noreply, new_state :: term()}


      



  



  
    
      
    
    
      handle_info_tx(tx_ctx, info, state)


        (optional)


        
          
        

    

  


  

      

          @callback handle_info_tx(tx_ctx :: map(), info :: term(), state :: term()) ::
  {:noreply, new_state :: term()}


      



  



  
    
      
    
    
      handle_locked(db_ctx, event_type, msg, state)


        (optional)


        
          
        

    

  


  

      

          @callback handle_locked(
  db_ctx :: map(),
  event_type :: term(),
  msg :: term(),
  state :: term()
) ::
  {:reply, reply :: term(), new_state :: term()}
  | {:noreply, new_state :: term()}


      



  



  
    
      
    
    
      init(args)



        
          
        

    

  


  

      

          @callback init(args :: term()) ::
  {:ok, state :: term()}
  | {:ok, tuid :: tuple(), state :: term()}
  | {:error, reason :: term()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      call(server, msg)



        
          
        

    

  


  

See :dgen_server.call/2.

  



  
    
      
    
    
      call(server, msg, timeout)



        
          
        

    

  


  

See :dgen_server.call/3.

  



  
    
      
    
    
      cast(server, msg)



        
          
        

    

  


  

See :dgen_server.cast/2.

  



  
    
      
    
    
      cast_k(server, msg)



        
          
        

    

  


  

See :dgen_server.cast_k/2.

  



  
    
      
    
    
      kill(server, reason)



        
          
        

    

  


  

See :dgen_server.kill/2.

  



  
    
      
    
    
      outbox_cast(server)



        
          
        

    

  


  

See :dgen_server.outbox_cast/1.

  



  
    
      
    
    
      outbox_cast(server, timeout)



        
          
        

    

  


  

See :dgen_server.outbox_cast/2.

  



  
    
      
    
    
      priority_call(server, msg)



        
          
        

    

  


  

See :dgen_server.priority_call/2.

  



  
    
      
    
    
      priority_call(server, msg, timeout)



        
          
        

    

  


  

See :dgen_server.priority_call/3.

  



  
    
      
    
    
      priority_cast(server, msg)



        
          
        

    

  


  

See :dgen_server.priority_cast/2.

  



    

  
    
      
    
    
      start(module, init_arg, options \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      start_link(module, init_arg, options \\ [])



        
          
        

    

  


  


  


        

      


  

    
dgen_backend behaviour
    



      
Behaviour defining the storage backend for dgen.
A backend must implement all required callbacks to provide:
	Transactions. Serializable read-write transactions over the keyspace.
	Key-value operations. Get, set, clear, range reads, and atomic adds.
	Watches. Notifications when a key changes.
	Versionstamps. Unique, globally ordered write stamps, used for FIFO queuing.
	Directory layer. Tuple-key packing, range calculation, and namespace isolation.

The default backend is dgen_erlfdb, which delegates to FoundationDB via the
erlfdb library.
We look forward to changing the backend interface to support other systems.
Configuring the backend
Set the backend application env before starting dgen:
application:set_env(dgen, backend, my_backend).
Or in config.exs:
config :dgen, backend: MyBackend
Implementing a backend
A backend module must implement this behaviour. Every watch and future operation
must return a {dgen_future, Ref, BackendData} tuple. Ref is a reference, and
the backend later sends {Ref, ready} to the watching process.
Types
Backends define opaque types for database handles, transaction handles,
directory handles, and futures. The dgen core treats these as opaque terms
and only passes them back into backend callbacks.
This documentation is LLM-generated. See the AI disclosure in README.md.

      


      
        Summary


  
    Types
  


    
      
        db()

      


    


    
      
        dir()

      


    


    
      
        future()

      


    


    
      
        key()

      


    


    
      
        tenant()

      


    


    
      
        tuple_key()

      


    


    
      
        tx()

      


    


    
      
        versionstamp()

      


    





  
    Callbacks
  


    
      
        add(Tx, Key, Value)

      


    


    
      
        add_read_conflict_key(Tx, Key)

      


    


    
      
        clear_range(Tx, StartKey, EndKey)

      


    


    
      
        commit(Tx)

      


    


    
      
        create_transaction(Db)

      


    


    
      
        dir_create(Db, Dir, Name)

      


    


    
      
        dir_pack(Dir, TupleKey)

      


    


    
      
        dir_pack_vs(Dir, TupleKey)

      


    


    
      
        dir_range(Dir, TupleKey)

      


    


    
      
        dir_remove(Db, Dir, Name)

      


    


    
      
        dir_unpack(Dir, PackedKey)

      


    


    
      
        error_code(Reason)

      


    


    
      
        get(Tx, Key)

      


    


    
      
        get_committed_version(Tx)

      


    


    
      
        get_next_tx_id(Tx)

      


    


    
      
        get_range(Tx, StartKey, EndKey, Opts)

      


    


    
      
        get_read_version(Tx)

      


    


    
      
        get_versionstamp(Tx)

      


    


    
      
        is_transaction(Handle)

      


    


    
      
        key_strinc(Key)

      


    


    
      
        on_error(Tx, ErrorCode)

      


    


    
      
        sandbox_open(Name, DirName)

      


    


    
      
        set(Tx, Key, Value)

      


    


    
      
        set_read_version(Tx, Version)

      


    


    
      
        set_versionstamped_key(Tx, Key, Value)

      


    


    
      
        set_versionstamped_value(Tx, Key, Value)

      


    


    
      
        transactional(Db, Fun)

      


    


    
      
        wait(Future)

      


    


    
      
        wait_for_all(Futures)

      


    


    
      
        watch(Tx, Key)

      


    


    
      
        watch(Tx, Key, Opts)

      


    





  
    Functions
  


    
      
        transactional(Db, Fun)

      


        Runs Fun inside a transaction if Handle is a database handle,
or calls Fun directly if Handle is already a transaction.



    





      


      
        Types


        


  
    
      
    
    
      db()



        
          
        

    

  


  

      

          -type db() :: term().


      



  



  
    
      
    
    
      dir()



        
          
        

    

  


  

      

          -type dir() :: term().


      



  



  
    
      
    
    
      future()



        
          
        

    

  


  

      

          -type future() :: term().


      



  



  
    
      
    
    
      key()



        
          
        

    

  


  

      

          -type key() :: binary().


      



  



  
    
      
    
    
      tenant()



        
          
        

    

  


  

      

          -type tenant() :: {db() | tx(), dir()}.


      



  



  
    
      
    
    
      tuple_key()



        
          
        

    

  


  

      

          -type tuple_key() :: tuple().


      



  



  
    
      
    
    
      tx()



        
          
        

    

  


  

      

          -type tx() :: term().


      



  



  
    
      
    
    
      versionstamp()



        
          
        

    

  


  

      

          -type versionstamp() :: term().


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      add(Tx, Key, Value)



        
          
        

    

  


  

      

          -callback add(Tx :: tx(), Key :: key(), Value :: integer()) -> ok.


      



  



  
    
      
    
    
      add_read_conflict_key(Tx, Key)



        
          
        

    

  


  

      

          -callback add_read_conflict_key(Tx :: tx(), Key :: key()) -> ok.


      



  



  
    
      
    
    
      clear_range(Tx, StartKey, EndKey)



        
          
        

    

  


  

      

          -callback clear_range(Tx :: tx(), StartKey :: key(), EndKey :: key()) -> ok.


      



  



  
    
      
    
    
      commit(Tx)



        
          
        

    

  


  

      

          -callback commit(Tx :: tx()) -> future().


      



  



  
    
      
    
    
      create_transaction(Db)



        
          
        

    

  


  

      

          -callback create_transaction(Db :: db()) -> tx().


      



  



  
    
      
    
    
      dir_create(Db, Dir, Name)



        
          
        

    

  


  

      

          -callback dir_create(Db :: db(), Dir :: dir(), Name :: term()) -> dir().


      



  



  
    
      
    
    
      dir_pack(Dir, TupleKey)



        
          
        

    

  


  

      

          -callback dir_pack(Dir :: dir(), TupleKey :: tuple_key()) -> key().


      



  



  
    
      
    
    
      dir_pack_vs(Dir, TupleKey)



        
          
        

    

  


  

      

          -callback dir_pack_vs(Dir :: dir(), TupleKey :: tuple_key()) -> key().


      



  



  
    
      
    
    
      dir_range(Dir, TupleKey)



        
          
        

    

  


  

      

          -callback dir_range(Dir :: dir(), TupleKey :: tuple_key()) -> {key(), key()}.


      



  



  
    
      
    
    
      dir_remove(Db, Dir, Name)



        
          
        

    

  


  

      

          -callback dir_remove(Db :: db(), Dir :: dir(), Name :: term()) -> ok.


      



  



  
    
      
    
    
      dir_unpack(Dir, PackedKey)



        
          
        

    

  


  

      

          -callback dir_unpack(Dir :: dir(), PackedKey :: key()) -> tuple_key().


      



  



  
    
      
    
    
      error_code(Reason)



        
          
        

    

  


  

      

          -callback error_code(Reason :: term()) -> integer() | error.


      



  



  
    
      
    
    
      get(Tx, Key)



        
          
        

    

  


  

      

          -callback get(Tx :: tx(), Key :: key()) -> future().


      



  



  
    
      
    
    
      get_committed_version(Tx)



        
          
        

    

  


  

      

          -callback get_committed_version(Tx :: tx()) -> integer().


      



  



  
    
      
    
    
      get_next_tx_id(Tx)



        
          
        

    

  


  

      

          -callback get_next_tx_id(Tx :: tx()) -> non_neg_integer().


      



  



  
    
      
    
    
      get_range(Tx, StartKey, EndKey, Opts)



        
          
        

    

  


  

      

          -callback get_range(Tx :: tx(), StartKey :: key(), EndKey :: key(), Opts :: list()) -> [{key(), binary()}].


      



  



  
    
      
    
    
      get_read_version(Tx)



        
          
        

    

  


  

      

          -callback get_read_version(Tx :: tx()) -> future().


      



  



  
    
      
    
    
      get_versionstamp(Tx)



        
          
        

    

  


  

      

          -callback get_versionstamp(Tx :: tx()) -> future().


      



  



  
    
      
    
    
      is_transaction(Handle)



        
          
        

    

  


  

      

          -callback is_transaction(Handle :: db() | tx()) -> boolean().


      



  



  
    
      
    
    
      key_strinc(Key)



        
          
        

    

  


  

      

          -callback key_strinc(Key :: key()) -> key().


      



  



  
    
      
    
    
      on_error(Tx, ErrorCode)



        
          
        

    

  


  

      

          -callback on_error(Tx :: tx(), ErrorCode :: integer()) -> future().


      



  



  
    
      
    
    
      sandbox_open(Name, DirName)


        (optional)


        
          
        

    

  


  

      

          -callback sandbox_open(Name :: term(), DirName :: term()) -> tenant().


      



  



  
    
      
    
    
      set(Tx, Key, Value)



        
          
        

    

  


  

      

          -callback set(Tx :: tx(), Key :: key(), Value :: binary()) -> ok.


      



  



  
    
      
    
    
      set_read_version(Tx, Version)



        
          
        

    

  


  

      

          -callback set_read_version(Tx :: tx(), Version :: integer()) -> ok.


      



  



  
    
      
    
    
      set_versionstamped_key(Tx, Key, Value)



        
          
        

    

  


  

      

          -callback set_versionstamped_key(Tx :: tx(), Key :: key(), Value :: binary()) -> ok.


      



  



  
    
      
    
    
      set_versionstamped_value(Tx, Key, Value)



        
          
        

    

  


  

      

          -callback set_versionstamped_value(Tx :: tx(), Key :: key(), Value :: binary()) -> ok.


      



  



  
    
      
    
    
      transactional(Db, Fun)



        
          
        

    

  


  

      

          -callback transactional(Db :: db(), Fun :: fun((Tx :: tx()) -> Result)) -> Result when Result :: term().


      



  



  
    
      
    
    
      wait(Future)



        
          
        

    

  


  

      

          -callback wait(Future :: future()) -> term().


      



  



  
    
      
    
    
      wait_for_all(Futures)



        
          
        

    

  


  

      

          -callback wait_for_all(Futures :: [future()]) -> [term()].


      



  



  
    
      
    
    
      watch(Tx, Key)



        
          
        

    

  


  

      

          -callback watch(Tx :: tx(), Key :: key()) -> future().


      



  



  
    
      
    
    
      watch(Tx, Key, Opts)



        
          
        

    

  


  

      

          -callback watch(Tx :: tx(), Key :: key(), Opts :: list()) -> future().


      



  


        

      

      
        Functions


        


  
    
      
    
    
      transactional(Db, Fun)



        
          
        

    

  


  

      

          -spec transactional(tenant(), fun((tenant()) -> Result)) -> Result when Result :: term().


      


Runs Fun inside a transaction if Handle is a database handle,
or calls Fun directly if Handle is already a transaction.

  


        

      


  

    
dgen_mem 
    



      
A pure-Erlang, in-memory dgen_backend.
It implements the FoundationDB semantics the registry actually depends on: MVCC
read versions, read-conflict detection, versionstamps, and watches. It needs no
NIF, no server, and no I/O. That gives us two things.
	The suite runs without FoundationDB installed. That is worth having on its own.
	Commit timing is no longer a source of nondeterminism. It was the last one
outside eta_sched and eta_time. Commits happen synchronously, in the calling
process, in a deterministic order.

Fidelity, and where it stops
Key layout is exactly the same as FDB's. erlfdb_subspace and erlfdb_tuple are
pure Erlang, so we reuse them instead of reimplementing order-preserving tuple
encoding. A subtle error there would show up as ordering bugs in dgen_queue.
What is modelled faithfully:
	Read versions. A read sees the newest value written at or before the
transaction's read version. Pinning an older read version with
set_read_version/2 really does read the past. That is what makes the registry's
fencing test meaningful.
	Read conflicts. A commit aborts with not_committed (1020) if any key in a
read-conflict range was written after the transaction's read version. The leader
fence depends on this (§5.1), so it has to be real.
	Versionstamps. set_versionstamped_value/3 fills in a 10-byte stamp, made of
an 8-byte commit version and a 2-byte batch order within the transaction. The
registry's version key then decodes and sorts exactly as it does against FDB.
	Watches. A watch fires when its key is written by a later commit.

What is not:
	No storage-level partitioning, no coordinators, no real distribution. A
simulation runs in one VM, so the database is a single point where every commit
is serialised. It is not a cluster that can partition underneath the system
under test.
	Write conflicts are not tracked. FDB fails a commit whose write set overlaps
another transaction's read set. Here commits are serialised, so the losing
transaction is simply the one that commits second, and it sees the other's
writes. Nothing in dgen depends on the difference.
	No transaction size limit (transaction_too_large). Nothing in dgen comes
near FoundationDB's 10MB transaction cap.
	No retry backoff. FoundationDB backs off exponentially with jitter. Here
transactional/2 retries at once, up to 100 attempts. A timer:sleep/1 would be
wrong under a virtual clock. A sleeping process is neither runnable nor blocked
on a receive, so eta_sched could never step it.

The MVCC window is modelled. Versions advance at FoundationDB's rate
(VERSIONS_PER_SECOND = 1e6), and the window is the same version distance
(MAX_READ_TRANSACTION_LIFE_VERSIONS, 5 seconds' worth). A read older than the
window raises transaction_too_old, as it would against the real thing. Under a
virtual clock, those five seconds pass instantly.
The version rate follows whatever clock eta_time exposes. Start the clock before
opening the database. Starting it later shifts the origin we measure the rate from.
Fault injection
set_faults/2 injects the failures the registry is built to survive, in a way
that can be reproduced. conflict_p causes spurious not_committed errors, which a
correct caller retries. commit_fail_p causes a non-retryable error. Both draw from
a seeded RNG, so a run can be replayed.
Determinism
State lives in ETS, keyed by the database handle, and nothing runs in a process of
its own. So no call into this module can look like quiescence to eta_sched.
Commit versions come from the clock that eta_time exposes, so they are
deterministic under a virtual clock.
This documentation is LLM-generated. See the AI disclosure in README.md.

      


      
        Summary


  
    Types
  


    
      
        db()

      


    


    
      
        fault_opts()

      


    


    
      
        tx()

      


    





  
    Functions
  


    
      
        add(Tx, Key, Value)

      


    


    
      
        add_read_conflict_key(Tx, Key)

      


    


    
      
        clear_range(Tx, StartKey, EndKey)

      


    


    
      
        close/1

      


        Deletes a database and everything in it. Safe when it does not exist.



    


    
      
        commit/1

      


    


    
      
        create_transaction/1

      


    


    
      
        dir_create(Db, Dir, Name)

      


    


    
      
        dir_pack(Dir, TupleKey)

      


    


    
      
        dir_pack_vs(Dir, TupleKey)

      


    


    
      
        dir_range(Dir, TupleKey)

      


    


    
      
        dir_remove/3

      


    


    
      
        dir_unpack(Dir, PackedKey)

      


    


    
      
        error_code/1

      


    


    
      
        get/2

      


    


    
      
        get_committed_version(Tx)

      


    


    
      
        get_next_tx_id(Tx)

      


    


    
      
        get_range/4

      


    


    
      
        get_read_version(Tx)

      


    


    
      
        get_versionstamp(Tx)

      


        Returns the transaction's versionstamp as a future that resolves after the
transaction commits.



    


    
      
        is_transaction/1

      


    


    
      
        key_strinc(Key)

      


    


    
      
        on_error(Tx, Code)

      


        Resets a transaction for a retry when Code is retryable, like
erlfdb:on_error/2. For a retryable error it returns a future that succeeds.
Otherwise it raises. A reset drops staged mutations and conflict ranges, cancels
the transaction's watches, and takes a fresh read version.



    


    
      
        open/1

      


        Opens (or resets) a named in-memory database.



    


    
      
        reset/1

      


        Clears all data, keeping the database open. Versions keep advancing.



    


    
      
        sandbox_open(Name, DirName)

      


        Opens a database and a root directory, like dgen_erlfdb:sandbox_open/2. This
lets DGen.Case swap backends without knowing which one it has.



    


    
      
        set(Tx, Key, Value)

      


    


    
      
        set_faults/2

      


        Sets the commit fault policy.



    


    
      
        set_read_version(Tx, Version)

      


    


    
      
        set_versionstamped_key(Tx, Key, Value)

      


    


    
      
        set_versionstamped_value(Tx, Key, Value)

      


    


    
      
        stats/1

      


        Returns the commit count, conflict count, current version, and key count.



    


    
      
        transactional/2

      


        Runs Fun in a transaction and retries it on retryable errors. This is the same
contract as erlfdb:transactional/2. If you pass in a transaction handle, it is
used directly, so nested calls work.



    


    
      
        wait/1

      


    


    
      
        wait_for_all(Futures)

      


    


    
      
        watch(Tx, Key)

      


        Watches Key and sends {Ref, ready} to the watcher when its value changes.



    


    
      
        watch/3

      


    





      


      
        Types


        


  
    
      
    
    
      db()



        
          
        

    

  


  

      

          -opaque db()


      



  



  
    
      
    
    
      fault_opts()



        
          
        

    

  


  

      

          -type fault_opts() :: #{conflict_p => float(), commit_fail_p => float()}.


      



  



  
    
      
    
    
      tx()



        
          
        

    

  


  

      

          -type tx() :: {dgen_mem_tx, atom(), reference()}.


      



  


        

      

      
        Functions


        


  
    
      
    
    
      add(Tx, Key, Value)



        
          
        

    

  


  

      

          -spec add(tx(), dgen_backend:key(), integer()) -> ok.


      



  



  
    
      
    
    
      add_read_conflict_key(Tx, Key)



        
          
        

    

  


  

      

          -spec add_read_conflict_key(tx(), dgen_backend:key()) -> ok.


      



  



  
    
      
    
    
      clear_range(Tx, StartKey, EndKey)



        
          
        

    

  


  

      

          -spec clear_range(tx(), dgen_backend:key(), dgen_backend:key()) -> ok.


      



  



  
    
      
    
    
      close/1



        
          
        

    

  


  

      

          -spec close(db()) -> ok.


      


Deletes a database and everything in it. Safe when it does not exist.

  



  
    
      
    
    
      commit/1



        
          
        

    

  


  

      

          -spec commit(tx()) -> dgen_backend:future().


      



  



  
    
      
    
    
      create_transaction/1



        
          
        

    

  


  

      

          -spec create_transaction(db()) -> tx().


      



  



  
    
      
    
    
      dir_create(Db, Dir, Name)



        
          
        

    

  


  

      

          -spec dir_create(db(), dgen_backend:dir(), term()) -> dgen_backend:dir().


      



  



  
    
      
    
    
      dir_pack(Dir, TupleKey)



        
          
        

    

  


  

      

          -spec dir_pack(dgen_backend:dir(), dgen_backend:tuple_key()) -> dgen_backend:key().


      



  



  
    
      
    
    
      dir_pack_vs(Dir, TupleKey)



        
          
        

    

  


  

      

          -spec dir_pack_vs(dgen_backend:dir(), dgen_backend:tuple_key()) -> dgen_backend:key().


      



  



  
    
      
    
    
      dir_range(Dir, TupleKey)



        
          
        

    

  


  

      

          -spec dir_range(dgen_backend:dir(), dgen_backend:tuple_key()) ->
                   {dgen_backend:key(), dgen_backend:key()}.


      



  



  
    
      
    
    
      dir_remove/3



        
          
        

    

  


  

      

          -spec dir_remove(db(), dgen_backend:dir(), term()) -> ok.


      



  



  
    
      
    
    
      dir_unpack(Dir, PackedKey)



        
          
        

    

  


  

      

          -spec dir_unpack(dgen_backend:dir(), dgen_backend:key()) -> dgen_backend:tuple_key().


      



  



  
    
      
    
    
      error_code/1



        
          
        

    

  


  

      

          -spec error_code(term()) -> integer() | error.


      



  



  
    
      
    
    
      get/2



        
          
        

    

  


  

      

          -spec get(tx(), dgen_backend:key()) -> dgen_backend:future().


      



  



  
    
      
    
    
      get_committed_version(Tx)



        
          
        

    

  


  

      

          -spec get_committed_version(tx()) -> integer().


      



  



  
    
      
    
    
      get_next_tx_id(Tx)



        
          
        

    

  


  

      

          -spec get_next_tx_id(tx()) -> non_neg_integer().


      



  



  
    
      
    
    
      get_range/4



        
          
        

    

  


  

      

          -spec get_range(tx(), dgen_backend:key(), dgen_backend:key(), list()) ->
                   [{dgen_backend:key(), binary()}].


      



  



  
    
      
    
    
      get_read_version(Tx)



        
          
        

    

  


  

      

          -spec get_read_version(tx()) -> dgen_backend:future().


      



  



  
    
      
    
    
      get_versionstamp(Tx)



        
          
        

    

  


  

      

          -spec get_versionstamp(tx()) -> dgen_backend:future().


      


Returns the transaction's versionstamp as a future that resolves after the
transaction commits.
Resolving late isn't an optimisation here. It is the contract. Callers take this
future before committing and wait on it afterwards. set_mod_state/4 in
dgen_server does exactly that to version its state cache. If we resolved it
early, we would return undefined, because no commit version exists yet. The cache
would then key itself on a value that never matches, or worse, one that matches by
accident.

  



  
    
      
    
    
      is_transaction/1



        
          
        

    

  


  

      

          -spec is_transaction(term()) -> boolean().


      



  



  
    
      
    
    
      key_strinc(Key)



        
          
        

    

  


  

      

          -spec key_strinc(dgen_backend:key()) -> dgen_backend:key().


      



  



  
    
      
    
    
      on_error(Tx, Code)



        
          
        

    

  


  

      

          -spec on_error(tx(), integer()) -> dgen_backend:future().


      


Resets a transaction for a retry when Code is retryable, like
erlfdb:on_error/2. For a retryable error it returns a future that succeeds.
Otherwise it raises. A reset drops staged mutations and conflict ranges, cancels
the transaction's watches, and takes a fresh read version.

  



  
    
      
    
    
      open/1



        
          
        

    

  


  

      

          -spec open(atom() | #{name := atom(), seed => integer(), faults => fault_opts()}) -> db().


      


Opens (or resets) a named in-memory database.
Opts may carry seed for the fault RNG and faults (see set_faults/2).

  



  
    
      
    
    
      reset/1



        
          
        

    

  


  

      

          -spec reset(db()) -> ok.


      


Clears all data, keeping the database open. Versions keep advancing.

  



  
    
      
    
    
      sandbox_open(Name, DirName)



        
          
        

    

  


  

      

          -spec sandbox_open(term(), term()) -> dgen_backend:tenant().


      


Opens a database and a root directory, like dgen_erlfdb:sandbox_open/2. This
lets DGen.Case swap backends without knowing which one it has.

  



  
    
      
    
    
      set(Tx, Key, Value)



        
          
        

    

  


  

      

          -spec set(tx(), dgen_backend:key(), binary()) -> ok.


      



  



  
    
      
    
    
      set_faults/2



        
          
        

    

  


  

      

          -spec set_faults(db(), fault_opts()) -> ok.


      


Sets the commit fault policy.
	conflict_p is the probability that a commit is rejected with not_committed
(1020) even though nothing conflicted. The error is retryable, so a correct caller
recovers. The point is to check that it does.
	commit_fail_p is the probability that a commit fails with a non-retryable
error. That error must reach the caller rather than being retried away.


  



  
    
      
    
    
      set_read_version(Tx, Version)



        
          
        

    

  


  

      

          -spec set_read_version(tx(), integer()) -> ok.


      



  



  
    
      
    
    
      set_versionstamped_key(Tx, Key, Value)



        
          
        

    

  


  

      

          -spec set_versionstamped_key(tx(), dgen_backend:key(), binary()) -> ok.


      



  



  
    
      
    
    
      set_versionstamped_value(Tx, Key, Value)



        
          
        

    

  


  

      

          -spec set_versionstamped_value(tx(), dgen_backend:key(), binary()) -> ok.


      



  



  
    
      
    
    
      stats/1



        
          
        

    

  


  

      

          -spec stats(db()) -> #{atom() => non_neg_integer()}.


      


Returns the commit count, conflict count, current version, and key count.

  



  
    
      
    
    
      transactional/2



        
          
        

    

  


  

      

          -spec transactional(db() | tx(), fun((tx()) -> Result)) -> Result when Result :: term().


      


Runs Fun in a transaction and retries it on retryable errors. This is the same
contract as erlfdb:transactional/2. If you pass in a transaction handle, it is
used directly, so nested calls work.

  



  
    
      
    
    
      wait/1



        
          
        

    

  


  

      

          -spec wait(dgen_backend:future()) -> term().


      



  



  
    
      
    
    
      wait_for_all(Futures)



        
          
        

    

  


  

      

          -spec wait_for_all([dgen_backend:future()]) -> [term()].


      



  



  
    
      
    
    
      watch(Tx, Key)



        
          
        

    

  


  

      

          -spec watch(tx(), dgen_backend:key()) -> dgen_backend:future().


      


Watches Key and sends {Ref, ready} to the watcher when its value changes.
A watch is anchored to the transaction that creates it, not to the moment it is
registered. FoundationDB reports a change relative to the value the creating
transaction would read. Getting that wrong silently loses a wakeup.
	A write that lands after the transaction's read version, but before the watch is
registered, still fires the watch. consume_queued/5 in dgen_server reads an
empty queue and then watches the push key. Without this rule, a push committed in
between leaves the consumer asleep on a queue that already has work. The caller's
call/4 in dgen then times out with nothing wrong anywhere else. The check and
the registration run under the commit lock, so no write can slip between them.

	The creating transaction's own writes don't fire the watch, because they are part
of the value it would read. push_call/7 in dgen writes the reply sentinel and
watches it in one transaction. Firing there would cost a read-and-rewatch round
trip on every call. That round trip is exactly the window in which the first case
loses a reply.


We fire at registration rather than at commit. This is a deliberate
simplification. Firing early is safe here, because every consumer re-reads the
watched state before acting. Firing late is not.

  



  
    
      
    
    
      watch/3



        
          
        

    

  


  

      

          -spec watch(tx(), dgen_backend:key(), list()) -> dgen_backend:future().


      



  


        

      


  

    
dgen_queue 
    



      
Durable FIFO queue backed by the configured dgen backend.
Each dgen_server has its own queue, keyed under Quid. Items are ordered
by versionstamp, which keeps the queue strictly FIFO across transactions.
We track push and pop counts with atomic add operations, so length/2 is O(1).
This documentation is LLM-generated. See the AI disclosure in README.md.

      


      
        Summary


  
    Types
  


    
      
        quid()

      


    





  
    Functions
  


    
      
        consume_peeked/3

      


        Deletes the items returned by peek_k/3 and increments the pop counter.



    


    
      
        delete(Tenant, Quid)

      


        Deletes the entire queue for the given Quid, including all items and counters.



    


    
      
        delete_dlq_entry(Tenant, Key)

      


        Deletes a single dead-letter entry by its key.



    


    
      
        dlq_length(Tenant, Quid)

      


        Returns the number of entries currently in the dead-letter queue for Quid.



    


    
      
        length(Tenant, Quid)

      


        Returns the number of items currently in the queue (pushes minus pops).



    


    
      
        notify/2

      


    


    
      
        peek_dlq(Tenant, Quid)

      


        Returns all entries in the dead-letter queue for Quid.



    


    
      
        peek_k/3

      


        Reads up to K items from the queue without removing them.



    


    
      
        purge_dlq(Tenant, Quid)

      


        Deletes all entries in the dead-letter queue for Quid.



    


    
      
        push_dlq/4

      


        Appends an entry to the dead-letter queue for Quid.



    


    
      
        push_k(Tenant, Quid, Items)

      


        Pushes a list of items onto the queue atomically.



    


    
      
        requeue_dlq_entry(Tenant, Quid, DlqKey)

      


        Moves a dead-letter entry back onto the main queue, resetting the attempt count to 0.



    


    
      
        update_peeked/3

      


        Overwrites the value at Key within an existing transaction.



    


    
      
        watch_push/2

      


    





      


      
        Types


        


  
    
      
    
    
      quid()



        
          
        

    

  


  

      

          -type quid() :: tuple().


      



  


        

      

      
        Functions


        


  
    
      
    
    
      consume_peeked/3



        
          
        

    

  


  

      

          -spec consume_peeked(dgen_backend:tenant(), [{dgen_backend:key(), binary()}], quid()) -> ok.


      


Deletes the items returned by peek_k/3 and increments the pop counter.
Call this within the same transaction as peek_k/3 after the callback
succeeds to commit the consume.

  



  
    
      
    
    
      delete(Tenant, Quid)



        
          
        

    

  


  

      

          -spec delete(dgen_backend:tenant(), quid()) -> ok.


      


Deletes the entire queue for the given Quid, including all items and counters.

  



  
    
      
    
    
      delete_dlq_entry(Tenant, Key)



        
          
        

    

  


  

      

          -spec delete_dlq_entry(dgen_backend:tenant(), dgen_backend:key()) -> ok.


      


Deletes a single dead-letter entry by its key.
Key is the first element of a tuple returned by peek_dlq/2.

  



  
    
      
    
    
      dlq_length(Tenant, Quid)



        
          
        

    

  


  

      

          -spec dlq_length(dgen_backend:tenant(), quid()) -> non_neg_integer().


      


Returns the number of entries currently in the dead-letter queue for Quid.

  



  
    
      
    
    
      length(Tenant, Quid)



        
          
        

    

  


  

      

          -spec length(dgen_backend:tenant(), quid()) -> non_neg_integer().


      


Returns the number of items currently in the queue (pushes minus pops).

  



  
    
      
    
    
      notify/2



        
          
        

    

  


  


  



  
    
      
    
    
      peek_dlq(Tenant, Quid)



        
          
        

    

  


  

      

          -spec peek_dlq(dgen_backend:tenant(), quid()) ->
                  [{dgen_backend:key(), term(), non_neg_integer(), integer()}].


      


Returns all entries in the dead-letter queue for Quid.
Each entry is {Key, Envelope, AttemptCount, TimestampMs} where Key can be
passed to delete_dlq_entry/2 or requeue_dlq_entry/3.

  



  
    
      
    
    
      peek_k/3



        
          
        

    

  


  

      

          -spec peek_k(dgen_backend:tenant(), pos_integer(), quid()) ->
                {ok, [{dgen_backend:key(), binary()}]} | {error, empty}.


      


Reads up to K items from the queue without removing them.
Returns {ok, [{RawKey, RawBin}]}, where RawBin is the encoded value, or
{error, empty} when the queue is empty. The items stay in the queue until
consume_peeked/3 removes them. If the callback fails, update_peeked/3 can
overwrite a key in place, in the same transaction, to bump the attempt counter
stored in the item.
All three operations must be called within the same transaction so that the
read, the callback invocation, and the delete-or-update are atomic.

  



  
    
      
    
    
      purge_dlq(Tenant, Quid)



        
          
        

    

  


  

      

          -spec purge_dlq(dgen_backend:tenant(), quid()) -> ok.


      


Deletes all entries in the dead-letter queue for Quid.

  



  
    
      
    
    
      push_dlq/4



        
          
        

    

  


  

      

          -spec push_dlq(dgen_backend:tenant(), quid(), term(), non_neg_integer()) -> ok.


      


Appends an entry to the dead-letter queue for Quid.
Called when a message exceeds its dead-letter threshold. Stores the original
envelope, attempt count, and a millisecond timestamp as a versionstamped entry
under the DLQ subspace for the queue.

  



  
    
      
    
    
      push_k(Tenant, Quid, Items)



        
          
        

    

  


  

      

          -spec push_k(dgen_backend:tenant(), quid(), [term()]) -> ok.


      


Pushes a list of items onto the queue atomically.
Each item is stored with a versionstamped key to ensure FIFO ordering.

  



  
    
      
    
    
      requeue_dlq_entry(Tenant, Quid, DlqKey)



        
          
        

    

  


  

      

          -spec requeue_dlq_entry(dgen_backend:tenant(), quid(), dgen_backend:key()) -> ok | {error, not_found}.


      


Moves a dead-letter entry back onto the main queue, resetting the attempt count to 0.
Atomically reads the entry at Key, pushes its envelope back onto the main
queue with attempt count 0, and deletes the DLQ entry. Returns
{error, not_found} if the key no longer exists.
Key is the first element of a tuple returned by peek_dlq/2.

  



  
    
      
    
    
      update_peeked/3



        
          
        

    

  


  

      

          -spec update_peeked(dgen_backend:tenant(), dgen_backend:key(), term()) -> ok.


      


Overwrites the value at Key within an existing transaction.
Call this within the same transaction as peek_k/3 when the callback fails,
to update the attempt counter stored in the message before the transaction
commits. The next consumer sees the updated message.

  



  
    
      
    
    
      watch_push/2



        
          
        

    

  


  


  


        

      


  

    
dgen_registry 
    



      
OTP-compatible process registry implementing the {via, dgen_registry, {RegistryName, LogicalName}} contract.
Standard OTP processes (gen_server, gen_statem, gen_event, etc.) can be registered
and addressed by name across an Erlang cluster.
See docs/dgen_registry_design.md for the full design, guarantees, and non-goals;
section references (e.g. §5.7) in the registry modules point there.
This module implements the four-function contract required for OTP via tuples:
	register_name/2 — consistent write through the leader
	unregister_name/1 — consistent delete through the leader
	whereis_name/1 — lock-free snapshot read from the local member's ETS table
	send/2 — routes a message to a named process

Name terms
Every via name is a two-tuple {RegistryName, LogicalName} where
RegistryName identifies which registry to use (the one started with
start_link/2), and LogicalName is any term meaningful to the
application (atom, binary, tuple, …).
Example
{ok, _} = dgen_registry:start_link(my_registry, Tenant),

%% Start a gen_server registered in the dgen registry
gen_server:start_link({via, dgen_registry, {my_registry, user_service}},
                      my_server, [], []),

%% Call it from anywhere on the cluster
gen_server:call({via, dgen_registry, {my_registry, user_service}}, ping).
Process model
dgen_registry is a supervisor that manages a set of children described below. When
your application starts a dgen_registry, you provide a RegistryName, which must
be an atom. Among your clustered nodes, this atom identifies the grouping of
dgen_registry processes into a single clustered entity. When the documentation refers
to "the dgen_registry" it will typically be referring to this cluster of processes,
rather than a singlular Erlang process, unless otherwise specified.
	dgen_registry_elector: A dgen_server process that decides which dgen_registry
is the leader by using the underlying database for consensus. There can be only
one leader per named registry.
	dgen_registry_connector: A gen_server process that automatically connects your nodes
together in the Erlang distribution so that they can each rpc to each other.
	dgen_registry_member: A gen_statem process that stores the actual process map
in its in-memory state, and is responsible for implementation the replication of
that state among the set of leader/followers.

The dgen_registry process is not registered by name in the local process registry.
Instead, you must use the functions in this module or the via contract when using
the registry.
Implementation detail: The dgen_registry_member is registered in the local
process registry. This is an internal implementation detail and should not be used
outside of dgen.
Consistency model
Strongly consistent operations: All writes (register_name, unregister_name) and consistent reads
(whereis_name_consistent) go through the elected leader member process.
The leader is the single writer for the name table.
Eventually consistent operations: whereis_name/1 (used by the OTP via-tuple machinery) is a snapshot read
served lock-free from the local member's protected ETS table, in the calling
process. The table is kept in sync by one-way replication casts from the leader.
There is therefore a short window after registration where a remote node's
whereis_name/1 may still return undefined.
Leadership
Leadership election takes advantage of the distributed consensus of the underlying
database, FoundationDB, and is thus simple. The leader is determined by the Erlang
node that processes the "elect leader" message on the dgen_server. Since the dgen_server
message queue is stored in the database, we are guaranteed that one and only one
Erlang node will successfully dequeue that message from the queue. That winning node is
the registry leader.
When leadership changes, the new leader gathers state from itself (previously a follower)
and from other current followers before allowing any new operations on the registry.
There is no distributed lock. Instead, the leader-key in the database fences the
old leader. Via the leader-key all participating members agree on what the cluster
is doing. (§5.7 of the design doc).
Auto-unregistration
The leader monitors every registered Pid. When a monitored process exits,
the leader removes the entry and propagates {name_unregistered} to all
follower members.
In the time period between a process exiting and the registry leader processing
the 'DOWN', the registry will still return that process's former mapping.
Once a 'DOWN' is converted into an unregistry operation, then the process map's
consistency guarantees hold. If you need stronger guarantees on process termination,
you may have the process unregister itself at the opportune time.
Metadata and queries
Each process registration can optionally provide metadata, decided by your application.
Process metadata can be used as a simple data store whose lifetime is tied to
the registered process itself.
The metadata can be specified as an index map, which is queryable and/or an opaque data
payload, which is not queryable, but is retrievable.
Refer to the following functions for more detail:
	register_name/3
	set_metadata/2
	get_metadata/1/get_metadata_consistent/1
	query/2/query_consistent/2

Also see §4.7 of the design doc.
Presence
subscribe/4 / unsubscribe/2 build upon the queryable metadata. A subscription is
a durable query, stored in the elector's backend state, that sends Erlang messages
when metadata inside the registry changes.
Put another way, a subscription watches one query and notifies (via a second query) whenever
the set of processes matching the watched query changes.
	{dgen_presence, SubId, [{joined | left, Name, Pid}]}


We expect the typical use case of a subscription to be one that is tied to the lifetime of
some database entry of your application, and thus its existence out-lives any in-memory
process registry map. In other words, if your application scales to zero, it can scale back
up and the subscriptions will survive.
See §4.9 of the design doc.
Example
For example, consider a chat application where a Room is created in the database, and
active WebSocket connections (each an Erlang process) correspond to who is online/present
at a given moment.
% Write a database entity for a Room with primary key `Id`
% ...

% Store the subscription with the same `Id` (unsubscribe later when the Room is deleted)
ok = dgen_registry:subscribe(chat_registry, Id,
  #{in_room => Id},  % <- This query watches for changes
  #{in_room => Id}   % <- This query finds which processes to notify
).

% In the WebSocket process
yes = dgen_registry:register_name({chat_registry, ref}, self()).

dgen_registry:set_metadata(
  {chat_registry, self()},
  #{index => #{in_room => Id}} % <- This metadata satisfies the queries above.
).
Now, all WebSocket processes in the Room are notified of all other WebSocket processes
in the same room via the dgen_presence message.
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    Functions
  


    
      
        await_ready(Name)

      


        Blocks until ready/1 holds, or 5s elapses. See await_ready/2.



    


    
      
        await_ready(Name, Timeout)

      


        Blocks until the registry on this node is ready to serve registrations, or Timeout
(milliseconds) elapses.



    


    
      
        delete(Name, Tenant)

      


        Removes all of the registry's durable backend state. Returns ok.



    


    
      
        elector_pid(Name)

      


        Returns the current elector pid() for registry Name, or undefined if the
member (and so the elector) cannot currently be found.



    


    
      
        get_epoch(Name)

      


        Returns the current leader epoch. Increments each time a new leader is elected.



    


    
      
        get_leader(Name)

      


        Returns the current leader member id, or undefined if no leader is elected.



    


    
      
        get_members(Name)

      


        Returns the list of all current member ids in the registry.



    


    
      
        get_metadata/1

      


        Retrieves a registered process's metadata via a snapshot read, using the local member's ETS table.



    


    
      
        get_metadata_consistent/1

      


        Retrieves a registered process's metadata via a consistent read.



    


    
      
        init/1

      


    


    
      
        member_name(Name)

      


        Returns the registered name of the member process for the given registry name.



    


    
      
        names_table(Name)

      


        Returns the ETS table name holding the registry's local Name => Pid replica.



    


    
      
        query/2

      


        Finds every registration whose indexed metadata satisfies all of Constraints, via a snapshot read.



    


    
      
        query_consistent/2

      


        Finds every registration whose indexed metadata satisfies all of Constraints, via a consistent read.



    


    
      
        ready(Name)

      


        Returns true if the registry on this node is ready to serve registrations.



    


    
      
        register_name(Name, Pid)

      


        Registers Pid under {RegistryName, LogicalName}.



    


    
      
        register_name/3

      


        Registers Pid under {RegistryName, LogicalName} with metadata.



    


    
      
        send(Name, Msg)

      


        Sends Msg to the process registered as Name, returning the Pid.



    


    
      
        set_metadata/2

      


        Replaces the metadata of the existing registration {RegistryName, LogicalName}.



    


    
      
        start_link(Name, Tenant)

      


        Starts the registry Name with default options. See start_link/3 for per-registry tuning.



    


    
      
        start_link(Name, Tenant, Opts)

      


        Starts the registry Name with per-registry options Opts.



    


    
      
        status(Name)

      


        Reports this node's member's own view of the registry, as a map



    


    
      
        subscribe(RegistryName, SubId, Watch, Notify)

      


        Creates (or updates) a durable presence subscription SubId.



    


    
      
        subscriptions(RegistryName)

      


        Returns the registry's durable presence subscriptions as #{SubId => {Watch, Notify}}.



    


    
      
        unregister_name/1

      


        Removes the registration for {RegistryName, LogicalName}. Always returns ok.



    


    
      
        unsubscribe(RegistryName, SubId)

      


        Removes the durable presence subscription SubId (from subscribe/4). Returns ok.
Sent as a durable dgen_server:cast, applied asynchronously (see subscribe/4).



    


    
      
        unsubscribe_all(RegistryName)

      


        Removes all durable presence subscriptions from the registry. Returns ok.



    


    
      
        whereis_name/1

      


        Finds a process by its name in the registry via a snapshot read, using the local member's ETS table.



    


    
      
        whereis_name_consistent/1

      


        Consistent read routed through the leader.
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          -type member_id() :: {node(), atom()}.
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          -type presence_event() :: {joined | left, Name :: term(), Pid :: pid()}.
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          -type query() :: {all, #{term() => term()}} | #{term() => term()}.
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          -type registry_opts() :: #{atom() => term()}.
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      await_ready(Name)



        
          
        

    

  


  

      

          -spec await_ready(Name :: atom()) -> ok | {error, timeout}.


      


Blocks until ready/1 holds, or 5s elapses. See await_ready/2.

  



  
    
      
    
    
      await_ready(Name, Timeout)



        
          
        

    

  


  

      

          -spec await_ready(Name :: atom(), Timeout :: non_neg_integer()) -> ok | {error, timeout}.


      


Blocks until the registry on this node is ready to serve registrations, or Timeout
(milliseconds) elapses.
Returns ok once ready/1 holds, or {error, timeout} if the deadline passes first.
Intended for a node that has just started/joined a cluster: it waits out leader
election and the join handoff (the leader gathers and delivers the names snapshot)
before the caller starts registering, so registrations are not fast-rejected against a
not-yet-known leader. Safe to call from many nodes; it only reads local member state.

  



  
    
      
    
    
      delete(Name, Tenant)



        
          
        

    

  


  

      

          -spec delete(atom(), dgen_backend:tenant()) -> ok.


      


Removes all of the registry's durable backend state. Returns ok.
Stop the registry first. delete/2 operates directly on the backend and assumes no
live processes: a running elector caches its state in memory and would re-write it (and
so re-create the keys) on its next commit.
This does not delete anything the registered processes themselves own; it only removes
the registry's own bookkeeping.
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          -spec elector_pid(atom()) -> pid() | undefined.


      


Returns the current elector pid() for registry Name, or undefined if the
member (and so the elector) cannot currently be found.
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          -spec get_epoch(Name :: atom()) -> non_neg_integer().


      


Returns the current leader epoch. Increments each time a new leader is elected.

  



  
    
      
    
    
      get_leader(Name)



        
          
        

    

  


  

      

          -spec get_leader(Name :: atom()) -> member_id() | undefined.


      


Returns the current leader member id, or undefined if no leader is elected.
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          -spec get_members(Name :: atom()) -> [member_id()].


      


Returns the list of all current member ids in the registry.

  



  
    
      
    
    
      get_metadata/1



        
          
        

    

  


  

      

          -spec get_metadata({atom(), term()}) ->
                      {ok, #{pid := pid(), index := map(), data := term()}} | undefined.


      


Retrieves a registered process's metadata via a snapshot read, using the local member's ETS table.
Returns {ok, #{pid := pid(), index := map(), data := term()}} for a registered name,
or undefined if it is not registered.

  



  
    
      
    
    
      get_metadata_consistent/1



        
          
        

    

  


  

      

          -spec get_metadata_consistent({atom(), term()}) ->
                                 {ok, #{pid := pid(), index := map(), data := term()}} | undefined.


      


Retrieves a registered process's metadata via a consistent read.
Returns {ok, #{pid := pid(), index := map(), data := term()}} for a registered name,
or undefined if it is not registered.
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      member_name(Name)



        
          
        

    

  


  

      

          -spec member_name(atom()) -> atom().


      


Returns the registered name of the member process for the given registry name.

  



  
    
      
    
    
      names_table(Name)



        
          
        

    

  


  

      

          -spec names_table(atom()) -> atom().


      


Returns the ETS table name holding the registry's local Name => Pid replica.

  



  
    
      
    
    
      query/2



        
          
        

    

  


  

      

          -spec query(atom(), map()) ->
               [#{name := term(), pid := pid(), index := map(), data := term()}] | {error, empty_query}.


      


Finds every registration whose indexed metadata satisfies all of Constraints, via a snapshot read.
Constraints is #{attr() => value()} — a conjunction of exact equalities (AND-equal)
matched against each registration's index map. Returns a point-in-time list of
#{name, pid, index, data} matches (possibly empty), or {error, empty_query} if
Constraints is empty.
This is a batch-consistent snapshot read of the local member's replica: it runs on
the member's mailbox (unlike the lock-free single-key reads) so it never observes a
half-applied group commit, but it may still lag a change made on another node. A
returned pid may already have died — treat results as candidates, not liveness
guarantees.
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          -spec query_consistent(atom(), map()) ->
                          [#{name := term(), pid := pid(), index := map(), data := term()}] |
                          {error, empty_query}.


      


Finds every registration whose indexed metadata satisfies all of Constraints, via a consistent read.
Returns a point-in-time list of #{name, pid, index, data} matches (possibly empty),
or {error, empty_query} if Constraints is empty.
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          -spec ready(Name :: atom()) -> boolean().


      


Returns true if the registry on this node is ready to serve registrations.
This is a point-in-time check; use await_ready/2 to block until ready. Note that
readiness means registrations are being served, not that any particular
registration will return yes.

  



  
    
      
    
    
      register_name(Name, Pid)



        
          
        

    

  


  

      

          -spec register_name({atom(), term()}, pid()) -> yes | no.


      


Registers Pid under {RegistryName, LogicalName}.
Routes through the local member, which forwards to the leader if needed.
Returns yes on success, or no if a different live process holds the name
or an opt-in policy refuses it (§8). If no leader is reachable, the call waits
for one, and exits if nothing is decided within register_timeout (§3).
Registering the same pid under the same name again is an idempotent
yes (not a no): a caller whose register call timed out — but whose
registration in fact committed — can safely redrive it and get a decisive
yes for its own binding. See register_name/3 for the timeout contract.

  



  
    
      
    
    
      register_name/3



        
          
        

    

  


  

      

          -spec register_name({atom(), term()}, pid(), map()) -> yes | no.


      


Registers Pid under {RegistryName, LogicalName} with metadata.
MetaSpec is #{index => map(), data => term()} (both optional; defaults #{} and
undefined). Returns yes or no with the same meaning as in register_name/2.
A call timeout (the member, or the leader behind it, did not answer within
register_timeout, §8 — default 5000 ms) exits rather than answering no.

  



  
    
      
    
    
      send(Name, Msg)



        
          
        

    

  


  

      

          -spec send({atom(), term()}, term()) -> pid().


      


Sends Msg to the process registered as Name, returning the Pid.
Exits with reason {badarg, {Name, Msg}} if the name is not registered.
Called internally by gen_server/gen_event for {via, …} routing.

  



  
    
      
    
    
      set_metadata/2



        
          
        

    

  


  

      

          -spec set_metadata({atom(), term()}, map()) -> ok | {error, not_registered | no_leader}.


      


Replaces the metadata of the existing registration {RegistryName, LogicalName}.
MetaSpec is #{index => map(), data => term()} (both optional; an omitted field
becomes #{} / undefined — this is a replace, not a merge).
Returns ok, {error, not_registered} if the name is not currently bound, or
{error, no_leader} if no leader is elected.

  



  
    
      
    
    
      start_link(Name, Tenant)



        
          
        

    

  


  

      

          -spec start_link(Name :: atom(), Tenant :: dgen_backend:tenant() | function) ->
                    supervisor:startlink_ret().


      


Starts the registry Name with default options. See start_link/3 for per-registry tuning.

  



  
    
      
    
    
      start_link(Name, Tenant, Opts)



        
          
        

    

  


  

      

          -spec start_link(Name :: atom(), Tenant :: dgen_backend:tenant() | function(), Opts :: registry_opts()) ->
                    supervisor:startlink_ret().


      


Starts the registry Name with per-registry options Opts.
Opts is a map of tuning knobs scoped to this registry — register_replicas,
replicate_timeout, strict_replication, terminate_on_conflict,
conflict_kill_budget, reject_when_degraded, connectivity. Each unset key falls
back to the dgen application environment, then to a built-in default, so different
registries can be tuned independently. connectivity => provided_externally turns off
this registry's proactive distribution mesh so it free-rides on connections another
registry maintains (§4.6) — the rest default to a self-sufficient, single-fault-tolerant
registry. See docs/dgen_registry_design.md (§8 Configuration).
The supervisor itself is not registered under a name. See the
"Process model" note above.
keyspace — separating identity from the coordination keyspace
The keyspace option will typically not be used by your application code. It exists
to allow more than one registry of the same name per Erlang node, which is not advised
outside of dgen's own test suites.
Name is used in the following ways:
	The member's identity: the registered process name, the ETS table name,
and the second element of its member_id/0.
	The registry's keyspace: the tenant-unique-identifier (tuid) prefixing
every durable key — the elector queue, the leader key, the version key.

The optional keyspace option splits the second role out:
dgen_registry:start_link(member_a, Tenant, #{keyspace => shared_registry}),
dgen_registry:start_link(member_b, Tenant, #{keyspace => shared_registry}).

  



  
    
      
    
    
      status(Name)



        
          
        

    

  


  

      

          -spec status(Name :: atom()) -> map() | undefined.


      


Reports this node's member's own view of the registry, as a map:
	member_id — this member's member_id/0.
	leader — the member id it currently believes leads, or undefined.
	is_leader — true if the member believes itself to be the leader.
	epoch — the leadership epoch it's aware of (§4.2).
	synced — whether it has applied a snapshot or assumed leadership.
	applied_version — the commit version its replica has applied up to (§4.5).

This is a member's belief, which is deliberately not the same thing as
get_leader/1's committed answer from the elector: a deposed leader that has not
yet heard about the handoff still reports is_leader => true here while
get_leader/1 already names its successor. That gap is the fenced window of §5.1,
and seeing it is the point of this call.
Side-effect free — a plain state read, useful for operational introspection and for
asserting replication invariants across members. Returns undefined if the member
is not running.

  



  
    
      
    
    
      subscribe(RegistryName, SubId, Watch, Notify)



        
          
        

    

  


  

      

          -spec subscribe(atom(), term(), query(), query()) -> ok | {error, empty_query}.


      


Creates (or updates) a durable presence subscription SubId.
A subscription keeps the processes matching the Notify query up to date with the set
of processes matching the Watch query.
Watch and Notify are query/0 values — a {all, #{attr => value}} conjunction of
exact equalities over registration index metadata (a bare map is accepted and read as
{all, Map}). SubId is any application term; a subscribe with an existing SubId is
an idempotent upsert (replaces its queries).
Whenever a committed batch of registrations changes which processes satisfy Watch,
the registry sends the following message to every process currently matching Notify:
{dgen_presence, SubId, Events}
where Events is a non-empty list of presence_event/0 — {joined, Name, Pid} /
{left, Name, Pid}.
When a process is registerd that matches the notify set, it received an initial snapshot,
the current Watch set as a batch of joined events. Thereafter, it receives deltas.
The initial snapshot and the deltas combine to a complete, continuously-maintained view
of the set of "present" processes.
Durability
The subscription is stored in the elector's durable backend state, not tied to any
Erlang process: it outlives the registry cluster. An application can therefore tie a
subscription's lifetime to a database entity (subscribe when the entity is created,
unsubscribe/2 when it is deleted) and have presence come back intact after a
scale-to-zero — the durable subscription is reloaded and re-fed to the leader on
restart, and processes matching Notify resume receiving updates as they re-register.
Returns ok, or {error, empty_query} if either query is empty (validated locally).
The write is sent to the elector as a durable dgen_server:cast.
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          -spec subscriptions(atom()) -> #{term() => {query(), query()}}.


      


Returns the registry's durable presence subscriptions as #{SubId => {Watch, Notify}}.

  



  
    
      
    
    
      unregister_name/1



        
          
        

    

  


  

      

          -spec unregister_name({atom(), term()}) -> ok.


      


Removes the registration for {RegistryName, LogicalName}. Always returns ok.

  



  
    
      
    
    
      unsubscribe(RegistryName, SubId)



        
          
        

    

  


  

      

          -spec unsubscribe(atom(), term()) -> ok.


      


Removes the durable presence subscription SubId (from subscribe/4). Returns ok.
Sent as a durable dgen_server:cast, applied asynchronously (see subscribe/4).
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          -spec unsubscribe_all(atom()) -> ok.


      


Removes all durable presence subscriptions from the registry. Returns ok.

  



  
    
      
    
    
      whereis_name/1



        
          
        

    

  


  

      

          -spec whereis_name({atom(), term()}) -> pid() | undefined.


      


Finds a process by its name in the registry via a snapshot read, using the local member's ETS table.

  



  
    
      
    
    
      whereis_name_consistent/1



        
          
        

    

  


  

      

          -spec whereis_name_consistent({atom(), term()}) -> pid() | undefined.


      


Consistent read routed through the leader.
Returns the authoritative Pid for LogicalName, or undefined if not
registered. More expensive than whereis_name/1 but never stale.

  


        

      


  

    
dgen_server behaviour
    



      
A durable, distributed gen_server backed by a pluggable storage backend.
A dgen_server is an abstract entity made of durable state and the operations on
that state. The state lives in the configured backend (default: FoundationDB),
and a callback module implementing the dgen_server behaviour defines the
operations. This lets a gen_server outlive any single Erlang process, node, or
cluster.
Zero or more Erlang processes may act on a dgen_server at any time. A process
with consume enabled takes messages off the durable queue and invokes the
callbacks. A process without it only publishes messages.
Options
The following options may be passed via the Opts proplist:
	tenant (required) - {DbHandle, Dir} pair identifying the backend subspace.

	consume (default true) - whether this process consumes messages from
the queue.

	reset (default false) - when true, re-initialise the durable state
even if it already exists.

	dead_letter_threshold (default infinity) - number of consecutive
processing failures before a message is treated as a dead letter. When a
message has failed this many times it is moved to the dead-letter queue, the
caller raises {dead_letter, N} (for call messages), and the optional
handle_dead_letter/2 callback is invoked. infinity (the default) disables
dead-lettering entirely.

	consume_k (default 1) - the batch size, meaning the maximum number of
queued messages a consumer processes per transaction. Each consume cycle peeks
up to consume_k messages and processes them one at a time, carrying the
durable state in memory. It then commits the whole batch in a single
transaction, so the state is read once and written once. The consumer then
starts the next cycle right away, so a consumer that has work keeps draining
batches.
Raising consume_k spreads the fixed cost of a transaction (read version,
state read and write, commit) across more messages. That raises throughput when
each callback does little work. The cost is larger transactions and a coarser
unit of progress. A batch is all-or-nothing, so a conflict retries the whole
batch. Because a busy consumer keeps draining, a larger consume_k also tends
to keep a single node as the active consumer. That helps when it matters
which node runs the callback, for example in an election-style callback where
you want the same node to keep processing successive messages.
See "consume_k and inlining" below for how consume_k > 1 changes call
handling.

	lock_timeout (default infinity) - maximum number of milliseconds a
distributed lock may be held before other consumers treat it as stale.  When
a callback returns {lock, State}, dgen_server sets a timestamped lock key
in the backend. The key pauses all other consumers while handle_locked/4
runs. Normally the lock holder clears the key itself once handle_locked
returns.  If the holder is killed (SIGKILL, VM abort), the lock stays until
another consumer notices it is stale. That consumer re-checks the lock
lock_timeout ms after it was set and clears it if the deadline has passed.
We call this busting the lock.  infinity (the default) turns off stale-lock
detection entirely, so a dead holder blocks all consumers forever.
Busting is a guess, based only on time, that the holder is dead. Nothing stops
a holder that is merely slow, so the guess can be wrong.  The lock is
fenced against that. Each acquisition stamps the key with a unique token,
and a holder may release the lock or commit the result of handle_locked/4
only while the key still carries its token.  So if a holder is busted mid-run,
its commit is refused instead of overwriting what its successor has written
since, and it cannot release the successor's lock.
A fenced section is not lost.  The transaction that refuses the commit also
puts the message that took the lock back on the queue, and the process exits
with {lock_fenced, requeued}. Whichever consumer holds the lock next retries
the message. Because handle_locked/4 runs outside a transaction, its
external side effects have already happened and will happen again on the
retry. It must be safe to run twice.
A wrong guess now costs a retry rather than silent data loss. So set this to
how quickly you want to recover from a dead holder, rather than above the
worst-case handle_locked duration.


consume_k and inlining
A message can reach a callback by two routes:
	Through the durable queue. cast/2, and usually call/2, enqueue the
message. A consumer later peeks it as part of a consume_k-sized batch and
processes it inside that batch's single transaction. This is the ordered,
durable path, and the only path when consume_k > 1.
	Inline. To save latency when consume_k =:= 1, a call/2 that finds
its queue empty and unlocked is processed immediately, in the caller's own
request transaction, instead of being enqueued and waited on. The result is
the same as going through the queue. It just skips the round-trip of
enqueueing and waiting.

When consume_k > 1, inlining is disabled. Every call/2 goes through the
queue and the batched consume loop, so consume_k always applies. Use this
when you want all processing to go through the batched, single-consumer loop,
for example to keep the same node as consumer. An election-style callback would
otherwise see successive messages committed by different nodes. With the
default consume_k =:= 1, inlining is enabled and a call/2 with no
contention takes the fast path.
Whatever consume_k is, priority_call/2 and priority_cast/2 always
bypass the queue and any lock, and are handled immediately. They are an
explicit escape hatch for urgent, usually read-only work. They give up ordering
relative to queued messages, so prefer call/2 and cast/2 for anything that
must stay in order with the rest of the stream.
Callbacks
	init/1 - return {ok, State} or {ok, Tuid, State}.
	handle_call/3 - return {reply, Reply, State} or
{reply, Reply, State, Actions}.
	handle_cast/2 - return {noreply, State} or {noreply, State, Actions}.
	handle_info/2 - return {noreply, State} or {noreply, State, Actions}.
	handle_dead_letter/2 (optional) - called after a message is dead-lettered.
Receives (Msg, AttemptCount). Return value is ignored. Useful for custom
alerting or metrics.

Actions is a list of 1-arity funs that run after the transaction commits.
Each one receives the module state as that transaction committed it. Under
batched consumption (consume_k > 1), all of a batch's actions run after its
single commit. Each receives the state as of the end of the batch, not the
state right after the message that produced the action.
Module State
The module that implements the dgen_server behaviour may use any term as its
State. dgen_server encodes this state to write it to the database. If you
shape your state to fit the encodings below, updates get cheaper.
	term (fallback) - term_to_binary, chunked into 100KB values.
	assigns map - a map whose keys are all atoms. Each entry is stored at its
own DB key, with atom_to_binary(Key) in the path.
	component list - a list of maps where every item has an atom id key
with a binary value. Each item is stored separately, ordered by a fractional
index embedded in the DB key.

The encoding is applied recursively. For example, an assigns map whose value
is a component list will nest both encodings in the key path.
This documentation is LLM-generated. See the AI disclosure in README.md.
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Behaviour that wraps the lifecycle of a single FDB transaction in a process.
dgen_backend:transactional/2 runs a closure and retries it automatically.
That is simple, but the caller never holds the transaction, and the caller's
process blocks for the whole commit. dgen_transaction instead gives the
transaction its own process. That process creates the transaction, runs the
body from a callback module against it, decides when to commit, drives the
retry loop, and delivers the outcome asynchronously. This buys us two things:
	More control over the transaction lifecycle. For example, a
dgen_transaction can reuse the read version (GRV) of a previous transaction
instead of paying for a fresh one. On retry it falls back to a fresh GRV
automatically, because the backend's on_error/2 resets the read version.
	Non-blocking commit. A calling process can hand a write to a
dgen_transaction worker and keep receiving messages from its queue
while the commit is in flight, learning the result via a message.

Lifecycle
start_link/3 ──▶ init/1 ──▶ create_transaction ──▶ apply read version
                                                         │
                                                   handle_begin/2
                                                    │    │     │
                                            {noreply}  {commit} {stop}
                                                │        │        │
                                       (interactive)  commit    abort
                                       handle_cast/3    │
                                       handle_call/4    ▼
                                                  ┌── ok ──▶ handle_committed/2 ──▶ {committed, Result}
                                                  │
                                                  └ retryable error ─▶ handle_conflict/2
                                                          retry ─▶ on_error ─▶ handle_retry/2 ─▶ (commit again)
                                                          {stop, R} ─▶ {aborted, R}
Result delivery
When the transaction reaches a terminal state the worker sends the owner
{dgen_transaction, Ref, Reply}
where Ref is the correlation token, either supplied by the caller or
generated, and Reply is one of:
	{committed, Result} — Result is whatever handle_committed/2 returned.
	{aborted, Reason} — the module chose not to commit, or not to retry.
	{error, Reason} — a non-retryable backend error, retry-limit exhaustion, or
the worker terminating abnormally.

Callbacks
	init/1 — sets up the callback state.
	handle_begin/2 — issues the transaction body against the live Tx. That is
the reads that guard the commit against conflicts, plus the writes. It is
replayed on every retry unless the module provides handle_retry/2. Returns
a directive such as noreply or commit.
	handle_committed/2 — called with the committed version after a successful
commit. Returns {ok, Result}.

Optional:
	handle_cast/3, handle_call/4 — let the caller drive the live transaction
directly with messages before it commits.
	handle_retry/2 — re-issues the body on retry. Defaults to handle_begin/2.
	handle_conflict/2 — allows or vetoes a retry after a retryable error.
Defaults to retry. It sees retryable errors from the commit and from
issuing the body, such as a read at a pinned read version that has grown too
old. Both go through handle_conflict/2 → on_error/2 → replay. So a stale
pinned read version falls back to a fresh GRV instead of failing the worker.
	terminate/2 — cleans up. Receives the terminal Reply.

This documentation is LLM-generated. See the AI disclosure in README.md.
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      terminate(Reply, State)


        (optional)


        
          
        

    

  


  

      

          -callback terminate(Reply :: term(), State :: cb_state()) -> term().
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      code_change(OldVsn, St, Extra)
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      handle_cast/2



        
          
        

    

  


  


  



  
    
      
    
    
      handle_continue/2



        
          
        

    

  


  


  



  
    
      
    
    
      handle_info(Info, St)
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      run(Module, Args, Opts0)



        
          
        

    

  


  

      

          -spec run(module(), term(), opts()) -> term().


      


Runs a transaction worker synchronously and returns its Reply.
Starts the worker with gen_server:start_monitor/3, which monitors it
atomically without linking. Blocks until the worker delivers its terminal
Reply, or returns {error, {crashed, Reason}} if the worker dies first. Use
it when you want the lifecycle control, such as a cached GRV or retries decided
by the module, without managing the worker yourself.

  



  
    
      
    
    
      start(Module, Args, Opts)



        
          
        

    

  


  

      

          -spec start(module(), term(), opts()) -> {ok, pid()} | {error, term()}.


      


Like start_link/3 but without linking the worker to the caller.

  



  
    
      
    
    
      start_link(Module, Args, Opts)



        
          
        

    

  


  

      

          -spec start_link(module(), term(), opts()) -> {ok, pid()} | {error, term()}.


      


Starts (and links) a transaction worker for Module.
Opts must contain {db, Db}. The optional keys are:
	read_version: undefined or a version V. Defaults to undefined.
	owner: defaults to the caller.
	ref: the correlation token. Defaults to a fresh make_ref/0.
	max_retries: defaults to infinity.


  



  
    
      
    
    
      start_monitor(Module, Args, Opts)



        
          
        

    

  


  

      

          -spec start_monitor(module(), term(), opts()) -> {ok, {pid(), reference()}} | {error, term()}.


      


Like start_link/3 but creates a monitor and does not create a link.
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        Summary


  
    Functions
  


    
      
        node_reachable(Node)

      


        Returns whether we can send Node a message right now. That is true for the local
node and for any node that is currently connected.



    


    
      
        real_monotonic_ms()

      


    


    
      
        real_sleep(Ms)

      


    





      


      
        Functions


        


  
    
      
    
    
      node_reachable(Node)



        
          
        

    

  


  

      

          -spec node_reachable(node()) -> boolean().


      


Returns whether we can send Node a message right now. That is true for the local
node and for any node that is currently connected.
The registry uses this check wherever it must decide whether a cast or call to a
peer will really be delivered. Sending to a disconnected node would instead start an
automatic distribution reconnect, which can heal a partition before the registry
notices it. See dgen_registry_member:cast_to_member/2 and
dgen_registry_elector:call_to_member/2. A remote node is reachable only if it is
in nodes().
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          -spec real_monotonic_ms() -> integer().
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          -spec real_sleep(non_neg_integer()) -> ok.
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