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    slap_cluster

slap_cluster runs a fixed number of SlateDB databases, called shards, across
the nodes of an Elixir cluster. The shards share one store, such as a prefix in
an S3 bucket. slap_cluster assigns each shard to one node, opens the shard's
database there, and routes calls for the shard to that node. Depending on the
placement strategy, a failed node's shards move to other nodes. SlateDB allows
one writer per database: if two nodes open the same shard, only the newer one
can write. slap_cluster also reports when a shard's writes become durable. It
opens the databases with slap_slatedb.
An object store must support conditional writes, as S3 does. The cluster checks
this before opening shards. By default, a failed check prevents startup; see
How it works for background retries.
slap_cluster does not decide what the shards store. Your application provides
the processes that run with each shard on its node, called shard children, and
they implement the service's reads, writes, and replies. For one database on
one node, use slap_slatedb directly. Use slap_cluster directly if your data
does not fit an existing service such as
slap_streams or
slap_kv (which are themselves built on
slap_cluster).
About Slap
This package is part of Slap.
Slap provides Elixir bindings for SlateDB (an embedded
key-value engine optimized for storing data in object storage), as well as
services built on top of these bindings. The services run inside your
application, on one node or several.
Services:
	slap_streams: a Durable
Streams server, with HTTP, long polling, and
SSE
	slap_kv: partitioned key-value storage with
conditional writes, ordered scans, and an HTTP API
	slap_files: file storage with metadata
and conditional replacement; small files are kept in slap_kv
records, which saves object-store PUTs
	slap_yjs: Yjs documents
for collaborative editing, with replication and presence across nodes

Building blocks:
	slap_slatedb: the SlateDB bindings
	slap_cluster: SlateDB databases run as
shards across nodes, with placement, routing, and failover
	slap_snapshot_log: an append-only
log of changes that can be condensed into snapshots

Complete distribution:
	slap: all Slap libraries and a standalone HTTP
server for evaluating and benchmarking slap_streams and slap_kv

The slap package pulls in all seven libraries. If you only need a
subset, add those packages directly.
Installation
Requires Elixir 1.18 or later.
To depend on slap_cluster directly, add it to the dependencies in your
application's mix.exs:
defp deps do
  [
    {:slap_cluster, "~> 0.4.0"}
  ]
end
Run mix deps.get. API documentation is on
HexDocs.
Example
In an application that depends on slap_cluster, define a cluster module:
defmodule MyApp.Cluster do
  use Slap.Cluster, otp_app: :my_app
end
Configure it in config/config.exs. This local configuration sketch assumes
the application provides MyApp.ShardChildren.child_specs/1 to start its
processes for each shard:
config :my_app, MyApp.Cluster,
  store: {:local, "/tmp/my-app-cluster"},
  shards: 8,
  shard_children: {MyApp.ShardChildren, :child_specs, []}
Add MyApp.Cluster to the application's supervision tree after defining
its shard children.
In a shard child, ctx is its context, ops is a SlateDB write batch, and
ref is a token chosen by the child to identify the notification.
The child can request a durability notification for a write:
{:ok, seq} = Slap.SlateDB.write(ctx.db, ops)
Slap.Cluster.notify_when_durable(ctx, seq, {:ack, ref})
The child later receives {:slap_cluster_durable, {:ack, ref}}. A caller can
route an operation to the owner of a key's shard. Here MyApp.Streams.append/2
is an application function, and path and body are its arguments:
shard = MyApp.Cluster.shard_for("some/key")
{:ok, result} = MyApp.Cluster.call(shard, {MyApp.Streams, :append, [path, body]})
The outer {:ok, result} means routing succeeded. result is the application
function's return value, including any {:error, reason} it returns.
Slap.Cluster's docs cover the options, shard children, durability and
telemetry.
Readiness
With probe: :background, startup can return before any shard opens. Even
with synchronous probing, failed shard opens retry in the background. Before
boot work that needs the cluster, wait for every configured shard and its
children to finish starting:
:ok = MyApp.Cluster.await_ready(30_000)
The result is :ok or {:error, :timeout}. The timeout covers the whole wait,
including remote checks and retries. await_ready(:infinity) waits without an
overall deadline. Each attempt has a finite deadline so waits can rediscover
owners after placement changes, even when the previous owner stops responding.
Readiness is checked on every call, including during child restarts. A shard
whose supervisor cannot answer within the inspection deadline counts as
unready. Ignored children, completed temporary tasks, and stopped or deleted
child specifications do not block readiness. Children added through
Supervisor.start_child/2 are included. Inspection covers direct shard
children. An application-provided supervisor is checked for a live process;
its descendants are outside the readiness check.
For health checks, MyApp.Cluster.status() returns
{:ok, %{ready?: ready?, probe: probe, shards: shards}}. Each shard has its
owner node, current lifecycle status, and :last_error. The local startup
probe has its own status and :last_error. Hosts retain probe and shard
failures after recovery, until they restart. status(timeout) bounds the whole
query (default 5,000 ms). It returns {:error, :timeout} when the query times out,
or {:error, :unavailable} when the local cluster cannot be queried.
These functions read lifecycle state without storage I/O. To check current
storage reachability, call Slap.SlateDB.probe_store/3 separately.
How it works
The cluster probes the store's create-if-absent behavior before opening
shards. A failed probe normally prevents startup. With probe: :background,
the cluster starts without shards and retries until the probe passes.
ObjectLease also requires If-Match support. Each shard has one database
handle and one durability subscription.
Application shard children stop before the handle closes. A fenced or crashed
database stops its shard; the placement strategy decides where to reopen it.
Reopening without that decision could fence a new owner.
Children that need the stop reason use shard_status/1; their supervisor exit
reason is :shutdown even when the shard was fenced.
When a child calls notify_when_durable/3, the shard compares the write's
sequence number with SlateDB's current durable sequence number, not with the
last durability message it handled. A write that is already durable is reported
at once, even if that message is still in the shard's mailbox. shard_for/1
uses xxh64(key) mod shards; changing the shard count or hash moves existing
keys.
Several nodes
To run a cluster on several nodes, use a shared object store and a placement
strategy.
For an S3-compatible store such as RustFS, aws_endpoint sets its endpoint;
the store must support conditional writes:
config :my_app, MyApp.Cluster,
  store:
    {:url, "s3://bucket/prefix",
     aws_endpoint: "http://rustfs:9000", aws_allow_http: true},
  shards: 64,
  settings: %{flush_interval: "10ms"},
  cache: [capacity_bytes: 2 * 1024 * 1024 * 1024],
  shard_children: {MyApp.ShardChildren, :child_specs, []},
  strategy: {Slap.Cluster.Strategy.ObjectLease, lease_ttl: 15_000}
Nodes connect through distributed Erlang. ObjectLease stores conditional
leases and node heartbeats in the bucket. An owner renews its leases and stops
a shard if renewal fails past its local deadline, before another node can
claim it. A paused owner that misses the deadline is fenced by SlateDB when a
new owner opens the database. A clean stop closes shards before freeing their
leases. Self-fencing runs separately from the renewal loop so a blocked store
call cannot delay it.
call/4 routes to the owner over :erpc. If the reply is :not_owner or
:unassigned, or the owner cannot be reached before the call is sent,
call/4 refreshes the placement and retries. A call that was already sent is
not retried, because it may have run; the caller receives
{:error, {:erpc, :noconnection}}. Lease data does not create node-name
atoms, so peers must be discovered or configured before routing to them.
Placement strategies
	Local runs all shards on one node. The node must restart to recover
from a failure.
	ObjectLease uses an object store with If-Match (S3, RustFS, GCS or
Azure) and roughly synchronised clocks. Failover takes about one lease
TTL. A node cut off from the bucket stops its shards before its leases
expire.
	Distributed uses distributed Erlang without leases. A dead node's
shards move after :settle (2 s); an unresponsive node also requires
net_ticktime. A partition can let both sides open a shard. SlateDB
fences one writer, but that side may serve stale reads until it finds that
it has been fenced.
	Static uses a fixed list of nodes. A failed node must return before
its shards are available again.

ObjectLease requires clocks within :max_clock_skew_ms (1 s by default); the
local file store cannot provide If-Match. Lower net_ticktime with
Distributed if failure detection must be faster.
Tests
Follow the repository's
development setup, then run
from slap_cluster/:
mix test                                                     # local directories
SLAP_TEST_S3_ENDPOINT=http://127.0.0.1:9000 mix test      # also 64 shards on RustFS

The tests exercise durability, fencing, placement and routing with a counter
server on each shard. Multi-node tests use separate OS processes and a shared
store; SLAP_TEST_S3_ENDPOINT enables the RustFS cases. See
test/support/failover.ex for the fault test harness.
License
Slap is released under the terms of the Apache License 2.0.
Copyright (c) 2026, Michael Russo.


  

    Changelog

0.4.0
	Adds Slap.Cluster.status/2 to report the startup probe, shard lifecycle
state, and retained failures, and Slap.Cluster.await_ready/2 to wait for
every shard to finish starting. Cluster modules expose status/1 and
await_ready/1.
	Readiness checks remote owners and direct shard children, including child
restarts. It reports lifecycle state without accessing storage; it does not
check current storage reachability or write durability.
	Timeouts cover the whole query or wait. Waits rediscover owners after
placement changes, including when the timeout is :infinity.

0.3.0
	Distributed routing ignores placements from a killed strategy while the
cluster retries its background store probe or awaits a new placement round.
	probe: :background starts the cluster before the store passes its probe.
It retries after 1 s, backs off to at most 30 s, and opens shards only after
a successful probe.
	:settings maps from a cluster module's :defaults, the application
environment, and start_link/1 are merged by key. Later sources override
only the settings they contain.
	A strategy start failure is now reported under the Slap.Cluster.Probe
child id instead of :strategy; the reason is unchanged.

0.2.0
	Uses slap_slatedb 0.2.0, which upgrades SlateDB from 0.16 to 0.17.
Databases written by 0.1.0 open unchanged.

0.1.0
Initial release of slap_cluster.


  

    LICENSE



                                 Apache License
                           Version 2.0, January 2004
                        http://www.apache.org/licenses/

   TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

   1. 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.

   2. 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.

   3. 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.

   4. 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.

   5. 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.

   6. 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.

   7. 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.

   8. 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.

   9. 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.
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Starts and stops the shards placed on this node, for the strategy.
Opens and closes run in tasks, so several run at once. If one of these
tasks fails, the host stops: the shard may or may not be running, and
the cluster's supervisor then stops every shard and starts over.
Each shard runs under its own supervisor: the process that owns the
database, then the application's shard children. The host watches them
and reports every shard that stops to the strategy's
Slap.Cluster.Strategy.handle_shard_down/3: :fenced, :crashed or
:stopped. It never restarts a shard by itself; that is the strategy's
decision.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        local_shards(cluster)

      


        The shards running on this node.



    


    
      
        send_start(cluster, n, opts, label, requests)

      


        start_shard/3 and stop_shard/2 without waiting: the request is sent
from the calling process and added to requests (a :gen_server
request id collection) under label; its reply is a message, for
:gen_server.check_response/3. The host handles the requests of one
process in the order they were sent, so a stop sent after a start is
handled after it.



    


    
      
        send_stop(cluster, n, label, requests)

      


        See send_start/5.



    


    
      
        start_shard(cluster, n, opts \\ [])

      


        Opens shard n on this node and starts its children. Options:
:generation, the strategy's lease generation (default nil).



    


    
      
        stop_shard(cluster, n)

      


        Stops shard n on this node: its children first, then the database is
closed, which flushes it. A shard that is still opening counts as
stopping at once (Slap.Cluster.lookup/2 no longer finds it here), and
is closed once it has opened. Returns :ok or {:error, :not_running}. Stops run
concurrently.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      local_shards(cluster)



        
          
        

    

  


  

      

          @spec local_shards(module()) :: [non_neg_integer()]


      


The shards running on this node.

  



  
    
      
    
    
      send_start(cluster, n, opts, label, requests)



        
          
        

    

  


  

      

          @spec send_start(
  module(),
  non_neg_integer(),
  keyword(),
  term(),
  :gen_server.request_id_collection()
) ::
  :gen_server.request_id_collection()


      


start_shard/3 and stop_shard/2 without waiting: the request is sent
from the calling process and added to requests (a :gen_server
request id collection) under label; its reply is a message, for
:gen_server.check_response/3. The host handles the requests of one
process in the order they were sent, so a stop sent after a start is
handled after it.

  



  
    
      
    
    
      send_stop(cluster, n, label, requests)



        
          
        

    

  


  

      

          @spec send_stop(
  module(),
  non_neg_integer(),
  term(),
  :gen_server.request_id_collection()
) ::
  :gen_server.request_id_collection()


      


See send_start/5.

  



    

  
    
      
    
    
      start_shard(cluster, n, opts \\ [])



        
          
        

    

  


  

      

          @spec start_shard(module(), non_neg_integer(), keyword()) ::
  {:ok, pid()} | {:error, term()}


      


Opens shard n on this node and starts its children. Options:
:generation, the strategy's lease generation (default nil).
Returns {:ok, pid}, {:error, :already_started}, {:error, :stopping}
(it is still closing), {:error, :fenced} (another node opened it while
it was opening here), {:error, :stopped} (stop_shard/2 was called
while it was opening; it is closed, and was never :running since) or {:error, reason} (for example
when the database cannot be opened). Opens run concurrently.

  



  
    
      
    
    
      stop_shard(cluster, n)



        
          
        

    

  


  

      

          @spec stop_shard(module(), non_neg_integer()) :: :ok | {:error, :not_running}


      


Stops shard n on this node: its children first, then the database is
closed, which flushes it. A shard that is still opening counts as
stopping at once (Slap.Cluster.lookup/2 no longer finds it here), and
is closed once it has opened. Returns :ok or {:error, :not_running}. Stops run
concurrently.

  


        

      


  

    
Slap.Cluster 
    



      
Runs N SlateDB databases ("shards") in one bucket: opens and closes them,
turns SlateDB's writer fencing into supervised events, fans out durability
notifications, and finds the shard for a key. It knows nothing about what
the application stores; the application puts its own per-shard processes
on top.
Define one module per cluster. use takes :otp_app and optionally
:defaults, options that the application environment and start_link/1
can override (for example shard_children in a library that builds on
this one). :settings maps are merged by key, in this order: defaults,
application environment, then start_link/1 options. Each source
overrides only the settings it contains.
defmodule MyApp.Cluster do
  use Slap.Cluster, otp_app: :my_app
end

# config/runtime.exs
config :my_app, MyApp.Cluster,
  store: {:url, "s3://bucket/prefix", aws_endpoint: "https://rustfs:9000"},
  shards: 64,
  settings: %{flush_interval: "10ms"},
  cache: [capacity_bytes: 2 * 1024 * 1024 * 1024],
  shard_children: {MyApp.ShardChildren, :child_specs, []}
and add MyApp.Cluster to the application's supervision tree. On start
it checks that the store honours conditional writes (see
Slap.SlateDB.probe_store/3), then the strategy opens the shards. With the
default Slap.Cluster.Strategy.Local, startup attempts every shard before
start_link/1 returns; failed opens retry in the background. With
probe: :background, it can return before any shard opens. Use
await_ready/2 before boot work that needs every shard.
Options
	:store - required. A store, as for Slap.SlateDB.open/2. Shard n is the
database <path>/shard-00n in it.
	:shards - required. The number of shards. Fixed for the life of the
data: shard_for/1 depends on it.
	:path - the path of the shards in the store (default "").
	:settings - SlateDB settings for every shard, as for
Slap.SlateDB.open/2. SlateDB's flush_interval defaults to 100 ms,
which can add up to 100 ms before a durable write's WAL flush begins.
	:cache - [capacity_bytes: n] for one block cache shared by this
node's shards, :disabled, or nil (default) for SlateDB's own cache
per shard.
	:merge_operator - as for Slap.SlateDB.open/2.
	:strategy - module or {module, opts} (default
Slap.Cluster.Strategy.Local). See Slap.Cluster.Strategy.
	:shard_children - {mod, fun, args} or a 1-arity function, called
with the shard's Slap.Cluster.Shard context (prepended to args),
returning child specs to start for each shard. See "Shard children".
	:child_options - application settings in the shard context (default
[]). The cluster does not interpret them. When :shard_children is
{module, function, args}, the module may define
Slap.Cluster.ShardChildren.validate_child_options!/1 to reject invalid
settings before startup.
	:probe - true (default) runs the conditional write probe before
startup completes and fails startup if the probe fails. :background
starts without shards and retries after 1 s, backing off to at most
30 s. Calls return {:error, :unassigned} until the probe passes and
the shards open. false skips the probe.
	:close_timeout - ms to wait for a shard's database to close on stop
(default 30,000).
	:lag_interval - ms between durability lag telemetry samples per
shard (default 1,000).

Shard children
When a shard opens on a node, its children start under a supervisor, after
the database is open. They get a Slap.Cluster.Shard context with the
database handle, and name themselves with via/2.
When the shard stops (the cluster shuts down, the strategy moves it, or
it is fenced), the children stop first, while the database is still open,
then the database is closed. Children that need to fail in-flight work
should trap exits and check shard_status/1 in terminate/2: :stopping
or :fenced. This works for processes anywhere under the children, not
only for the direct ones, which is why it is not the exit reason.
If the database process crashes, the shard stops, and the strategy
decides whether to reopen it (handle_shard_down/3 with :crashed).
Durability
Writes go straight to the context's db. notify_when_durable/3 sends a
message once a write's seq is durable. All notifications for a shard
come from one process, which releases waiters lowest seq first, so a
process that asks in seq order (as a single writer does) receives them in
seq order. One SlateDB subscription per shard serves every waiter.
Telemetry
Events are sent under [:slap, :cluster, ...]: [:shard, :start | :stop | :fenced],
[:durability, :lag] (%{lag: last_write_seq - durable_seq}, every
:lag_interval), and [:probe]. Metadata includes :cluster and
:shard.
Invalid configuration and call arguments raise. Routing failures return
{:error, reason} from call/4 and lookup/2.

      


      
        Summary


  
    Functions
  


    
      
        assignments(cluster)

      


        Every shard's location as this node sees it: {:local, pid} (the shard's
database process), {:remote, node} or :unassigned.



    


    
      
        await_ready(cluster, timeout)

      


        Waits until every configured shard has completed startup on its owner,
including its direct application children, with the inspection scope
described in status/2. Returns :ok or {:error, :timeout}.



    


    
      
        call(cluster, shard, mfa, opts \\ [])

      


        Runs mod.fun(ctx, ...args) with the context of shard on the node that
owns it: here when the shard is open on this node, otherwise over :erpc
on the owner (multi-node strategies need distributed Erlang). Returns
{:ok, result} for the application's result, or a routing error



    


    
      
        durable_seq(shard)

      


        The shard's durable sequence number. See Slap.SlateDB.durable_seq/1.



    


    
      
        local_shards(cluster)

      


        The shards open on this node, in order.



    


    
      
        lookup(cluster, shard)

      


        Where shard is: {:ok, {:local, ctx}} with its context when it is open
on this node, {:ok, {:remote, node}} when the strategy places it on
another node, or {:error, :unassigned}.



    


    
      
        notify_when_durable(ctx, seq, tag, opts \\ [])

      


        Sends {:slap_cluster_durable, tag} to the calling process (or
:to) once the shard's durable sequence number reaches seq, the value
a write returned. If it already has, the message is sent at once.



    


    
      
        shard_for(cluster, key)

      


        The shard for key: xxh64(key) mod shards. The hash is pinned; see
Slap.Cluster.Hash.



    


    
      
        shard_status(shard)

      


        :running, :stopping (the shard is being closed or moved) or :fenced
(another writer opened its database).



    


    
      
        status(cluster, timeout \\ 5000)

      


        Reports current lifecycle state without accessing storage.



    


    
      
        via(cluster, shard, name)

      


        A :via name for a per-shard process, registered in the cluster's
registry on the node that owns the shard.



    





      


      
        Functions


        


  
    
      
    
    
      assignments(cluster)



        
          
        

    

  


  

      

          @spec assignments(module()) :: %{required(non_neg_integer()) => term()}


      


Every shard's location as this node sees it: {:local, pid} (the shard's
database process), {:remote, node} or :unassigned.

  



  
    
      
    
    
      await_ready(cluster, timeout)



        
          
        

    

  


  

      

          @spec await_ready(module(), timeout()) :: :ok | {:error, :timeout}


      


Waits until every configured shard has completed startup on its owner,
including its direct application children, with the inspection scope
described in status/2. Returns :ok or {:error, :timeout}.
The timeout covers the whole wait, including remote checks and retries.
:infinity keeps waiting and rediscovering owners without a deadline.
This checks lifecycle state; use Slap.SlateDB.probe_store/3 to check
storage reachability.

  



    

  
    
      
    
    
      call(cluster, shard, mfa, opts \\ [])



        
          
        

    

  


  

      

          @spec call(module(), non_neg_integer(), {module(), atom(), list()}, keyword()) ::
  {:ok, term()} | {:error, :unassigned | :not_owner | {:erpc, term()}}


      


Runs mod.fun(ctx, ...args) with the context of shard on the node that
owns it: here when the shard is open on this node, otherwise over :erpc
on the owner (multi-node strategies need distributed Erlang). Returns
{:ok, result} for the application's result, or a routing error:
	{:error, :unassigned} - no node owns the shard (for example during
a failover), after the retries.
	{:error, :not_owner} - the owner the strategy named no longer has
the shard, after the retries.
	{:error, {:erpc, reason}} - the owner could not be reached
(:noconnection) or the call timed out (:timeout).

On :not_owner, :unassigned, or an owner that cannot be connected to
(the call was not sent), the strategy's view is
refreshed and the call retried, up to :retries times (default 3), after
a jittered delay of about :retry_delay ms (default 100) times the
attempt. :timeout (ms, default 30,000; :infinity for none) bounds
the remote route, including retries and connecting. A local mod.fun
runs in the caller and must enforce its own timeout. mod must be
loaded on the owner. Connecting to an owner that is not connected yet
waits at most a second.
Telemetry: [:slap, :cluster, :call, :remote] for each remote call and
[:slap, :cluster, :call, :not_owner] for each stale owner.

  



  
    
      
    
    
      durable_seq(shard)



        
          
        

    

  


  

      

          @spec durable_seq(Slap.Cluster.Shard.t()) :: non_neg_integer()


      


The shard's durable sequence number. See Slap.SlateDB.durable_seq/1.

  



  
    
      
    
    
      local_shards(cluster)



        
          
        

    

  


  

      

          @spec local_shards(module()) :: [non_neg_integer()]


      


The shards open on this node, in order.

  



  
    
      
    
    
      lookup(cluster, shard)



        
          
        

    

  


  

      

          @spec lookup(module(), non_neg_integer()) ::
  {:ok, {:local, Slap.Cluster.Shard.t()} | {:remote, node()}}
  | {:error, :unassigned}


      


Where shard is: {:ok, {:local, ctx}} with its context when it is open
on this node, {:ok, {:remote, node}} when the strategy places it on
another node, or {:error, :unassigned}.

  



    

  
    
      
    
    
      notify_when_durable(ctx, seq, tag, opts \\ [])



        
          
        

    

  


  

      

          @spec notify_when_durable(
  Slap.Cluster.Shard.t(),
  non_neg_integer(),
  term(),
  keyword()
) :: :ok


      


Sends {:slap_cluster_durable, tag} to the calling process (or
:to) once the shard's durable sequence number reaches seq, the value
a write returned. If it already has, the message is sent at once.
A process that asks in seq order gets the notifications in seq order, and
waiters that become durable together are released lowest seq first.
Notifications are dropped if the shard stops first; check
shard_status/1 then.

  



  
    
      
    
    
      shard_for(cluster, key)



        
          
        

    

  


  

      

          @spec shard_for(module(), binary()) :: non_neg_integer()


      


The shard for key: xxh64(key) mod shards. The hash is pinned; see
Slap.Cluster.Hash.

  



  
    
      
    
    
      shard_status(shard)



        
          
        

    

  


  

      

          @spec shard_status(Slap.Cluster.Shard.t()) :: :running | :stopping | :fenced


      


:running, :stopping (the shard is being closed or moved) or :fenced
(another writer opened its database).

  



    

  
    
      
    
    
      status(cluster, timeout \\ 5000)



        
          
        

    

  


  

      

          @spec status(module(), timeout()) :: {:ok, map()} | {:error, :timeout | :unavailable}


      


Reports current lifecycle state without accessing storage.
Returns {:ok, %{ready?: boolean, probe: probe, shards: shards}}. shards
maps each configured shard number to %{node: node, status: status, last_error: reason}. Status is :running, :starting, :stopping,
:fenced, :crashed, :unassigned, or :unavailable. A running shard has
completed startup, including its direct application children. Child restarts
are checked too. An application-provided supervisor is checked for a live
process; its descendants are outside the readiness check. Remote placements
are confirmed with their owning hosts, which are queried concurrently.
probe reports this node's startup probe, with :status (:pending,
:passed, :failed, or :skipped) and :last_error. Hosts retain probe
and shard failures after recovery, until the host restarts. An unavailable
shard reports the current owner-query error in :last_error.
Readiness is rechecked on every call and may change immediately afterward.
Use Slap.SlateDB.probe_store/3 to check current storage reachability.
timeout bounds the entire query, including remote checks. Returns
{:error, :timeout | :unavailable} if the query cannot complete locally.

  



  
    
      
    
    
      via(cluster, shard, name)



        
          
        

    

  


  

      

          @spec via(module(), non_neg_integer(), term()) :: {:via, Registry, {atom(), term()}}


      


A :via name for a per-shard process, registered in the cluster's
registry on the node that owns the shard.

  


        

      


  

    
Slap.Cluster.Hash 
    



      
XXH64 (xxHash, 64-bit), for placing keys on shards.
shard_for/2 is pinned forever: changing it moves every key to a different
shard. It matches the reference implementation (checked against the
twox-hash crate in the tests).

      


      
        Summary


  
    Functions
  


    
      
        shard_for(key, shards)

      


        The shard for key: xxh64(key, 0) mod shards.



    


    
      
        xxh64(data, seed \\ 0)

      


        XXH64 of data with seed, as an unsigned 64-bit integer.



    





      


      
        Functions


        


  
    
      
    
    
      shard_for(key, shards)



        
          
        

    

  


  

      

          @spec shard_for(binary(), pos_integer()) :: non_neg_integer()


      


The shard for key: xxh64(key, 0) mod shards.

  



    

  
    
      
    
    
      xxh64(data, seed \\ 0)



        
          
        

    

  


  

      

          @spec xxh64(binary(), non_neg_integer()) :: non_neg_integer()


      


XXH64 of data with seed, as an unsigned 64-bit integer.

  


        

      


  

    
Slap.Cluster.Peers 
    



      
Keeps this node connected to a fixed list of other nodes, retrying every
2 s. Routing between nodes needs distributed Erlang: the node must have a
name and share the cookie.
Run one connector per VM. Its connections are available to every cluster
on that VM.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        start_link(peers)

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      start_link(peers)



        
          
        

    

  


  


  


        

      


  

    
Slap.Cluster.Shard 
    



      
The context of a shard placed on this node, given to the application's
shard children and to functions run with call/3.
	:cluster - the cluster module.
	:n - the shard number, 0..shards - 1.
	:db - the open Slap.SlateDB handle. Read and write through it directly.
	:registry - the cluster's Registry. Name per-shard processes with
the cluster's via/2, which scopes names to {n, name}.
	:generation - the strategy's lease generation, or nil (Local).
	:child_options - application settings passed to shard children.

:status and :shard_db are internal coordination fields. Use
Slap.Cluster.shard_status/1 to inspect the shard's state.
A context is only valid while the shard is open on this node. When the
shard stops, Slap.Cluster.shard_status/1 says why.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Slap.Cluster.Shard{
  child_options: keyword(),
  cluster: module(),
  db: Slap.SlateDB.t(),
  generation: non_neg_integer() | nil,
  n: non_neg_integer(),
  registry: atom(),
  shard_db: pid(),
  status: :atomics.atomics_ref()
}


      



  


        

      


  

    
Slap.Cluster.ShardChildren behaviour
    



      
Starts application processes for a shard after its database opens.
A module used as shard_children: {module, :child_specs, args} can implement
validate_child_options!/1. The cluster calls it before starting, so a
configuration error does not leave shards retrying their startup.

      


      
        Summary


  
    Callbacks
  


    
      
        child_specs(t)

      


    


    
      
        validate_child_options!(keyword)

      


        Raises ArgumentError for invalid application settings.



    





      


      
        Callbacks


        


  
    
      
    
    
      child_specs(t)



        
          
        

    

  


  

      

          @callback child_specs(Slap.Cluster.Shard.t()) :: [
  Supervisor.child_spec() | {module(), term()}
]


      



  



  
    
      
    
    
      validate_child_options!(keyword)


        (optional)


        
          
        

    

  


  

      

          @callback validate_child_options!(keyword()) :: :ok


      


Raises ArgumentError for invalid application settings.

  


        

      


  

    
Slap.Cluster.Strategy behaviour
    



      
Decides which node owns which shard.
A strategy is a process started under the cluster's supervisor, after the
host. It starts and stops shards on this node only through
Slap.Cluster.Host.start_shard/3 and stop_shard/2, and the host
reports every shard that stops through handle_shard_down/3.
SlateDB's fencing keeps at most one effective writer per shard whatever
the strategy does, so a strategy only has to be mostly right: two nodes
that both open a shard cost errors and a restart, not data.

      


      
        Summary


  
    Types
  


    
      
        location()

      


    


    
      
        reason()

      


    


    
      
        shard()

      


    





  
    Callbacks
  


    
      
        child_spec(opts)

      


        The strategy's child spec. opts includes :cluster.



    


    
      
        handle_shard_down(cluster, shard, reason)

      


        Called by the host, from the host process, when a shard on this node
stops: :fenced (another writer opened it), :crashed (it failed more
often than its supervisor allows) or :stopped (stop_shard/2). Must
not block; send a message to the strategy's process instead.



    


    
      
        lookup(cluster, shard)

      


        Where shard is owned, as far as the strategy knows. The result may be
stale.



    


    
      
        refresh(cluster, timeout)

      


        Refreshes the strategy's view of where shards are, after call/4 found
it stale. Optional. It must return within timeout ms.



    


    
      
        validate_options(opts)

      


        Validates strategy options before the cluster starts. Raise ArgumentError
for invalid options. Optional for custom strategies.



    





      


      
        Types


        


  
    
      
    
    
      location()



        
          
        

    

  


  

      

          @type location() :: {:local, pid()} | {:remote, node()}


      



  



  
    
      
    
    
      reason()



        
          
        

    

  


  

      

          @type reason() :: :fenced | :crashed | :stopped


      



  



  
    
      
    
    
      shard()



        
          
        

    

  


  

      

          @type shard() :: non_neg_integer()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      child_spec(opts)



        
          
        

    

  


  

      

          @callback child_spec(opts :: keyword()) :: Supervisor.child_spec()


      


The strategy's child spec. opts includes :cluster.

  



  
    
      
    
    
      handle_shard_down(cluster, shard, reason)



        
          
        

    

  


  

      

          @callback handle_shard_down(cluster :: module(), shard(), reason()) :: :ok


      


Called by the host, from the host process, when a shard on this node
stops: :fenced (another writer opened it), :crashed (it failed more
often than its supervisor allows) or :stopped (stop_shard/2). Must
not block; send a message to the strategy's process instead.

  



  
    
      
    
    
      lookup(cluster, shard)



        
          
        

    

  


  

      

          @callback lookup(cluster :: module(), shard()) ::
  {:ok, location()} | {:error, :unassigned}


      


Where shard is owned, as far as the strategy knows. The result may be
stale.

  



  
    
      
    
    
      refresh(cluster, timeout)


        (optional)


        
          
        

    

  


  

      

          @callback refresh(cluster :: module(), timeout :: timeout()) :: :ok


      


Refreshes the strategy's view of where shards are, after call/4 found
it stale. Optional. It must return within timeout ms.

  



  
    
      
    
    
      validate_options(opts)


        (optional)


        
          
        

    

  


  

      

          @callback validate_options(opts :: keyword()) :: :ok


      


Validates strategy options before the cluster starts. Raise ArgumentError
for invalid options. Optional for custom strategies.

  


        

      


  

    
Slap.Cluster.Strategy.Distributed 
    



      
Places shards on the connected nodes of a distributed Erlang cluster with
no database and no leases: every node computes the same placement from
the list of nodes running the cluster (a :pg group), by rendezvous
hashing with bounded loads: shard n prefers the nodes in decreasing
order of xxh64("<n>/<node>"), and goes to the first of them that has
fewer than ceil(shards / nodes) shards so far. Every node gets its fair
share, and a node joining or leaving moves few shards besides its own.
Every :interval (default 1 s), and whenever the member list changes,
each node stops the shards it no longer owns (at once), and opens the
shards it owns once that has been so for :settle ms (default 2 s), which
gives the previous owner time to close them. lookup/2 reads the
placement this node computed last. The strategy asks the host to open
and close shards without waiting for replies, so a slow
open or close does not hold up the rounds, and up to :max_concurrency
shards open at once. All these requests come from the strategy's
process, so the host gets them in order: a close requested while the
shard opens is handled after the open (the host closes it once it has
opened).
Failover follows distributed Erlang's view of the nodes: a node that
dies or stops is gone at once, and its shards open elsewhere after
:settle. A node that stops answering (a pause, a partition) is only
noticed after net_ticktime (60 s by default; set it lower, for example
-kernel net_ticktime 10).
Partitions. There is no quorum: in a partition each side computes a
placement from the nodes it sees, and both may open a shard. SlateDB's
fencing keeps at most one effective writer (the last to open fences the
other, whose writes fail and are not acknowledged), so the cost is
availability, not data. When the partition heals, :pg merges the member
lists and every node computes the same placement again. For stronger
guarantees, use ObjectLease.
Placement uses :pg membership because it resyncs after reconnection.
:global names can retain split views after a node pauses and resumes.
Options
	:interval - ms between placement rounds (default 1,000).
	:settle - ms a node waits, after it becomes a shard's owner, before
opening it (default 2,000).
	:max_concurrency - shards opened at once (default 16).

Telemetry: [:slap, :cluster, :distributed, :open | :close] with
%{cluster, shard}, and [:distributed, :members] with
%{count: n} when the member list changes.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        placement(shards, nodes)

      


        The placement of shards shards on nodes: %{shard => node}, the same
on every node given the same nodes.



    


    
      
        start_link(opts)

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      placement(shards, nodes)



        
          
        

    

  


  

      

          @spec placement(pos_integer(), [node()]) :: %{required(non_neg_integer()) => node()}


      


The placement of shards shards on nodes: %{shard => node}, the same
on every node given the same nodes.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  


  


        

      


  

    
Slap.Cluster.Strategy.LeaseLoop 
    



      
The placement loop of Slap.Cluster.Strategy.ObjectLease (leases in
the object store), behind a storage behaviour for other lease stores:
one lease per shard, a heartbeat per node, fair shares, and self-fencing.
Where the leases live is a Slap.Cluster.Strategy.LeaseLoop.Store.
Every :interval (a third of :lease_ttl by default), each node:
	heartbeats;
	renews its leases, and stops any shard whose lease it no longer holds;
	computes its fair share, ceil(shards / live nodes), where a node is
live if it heartbeated within the TTL (three heartbeats), so a dead
node stops counting when its leases expire;
	releases shards above its share: it stops the shard (which closes and
flushes it) and only then frees the lease, so the next owner opens a
closed database;
	reads every lease (for lookup/2), and claims free or expired ones up
to its share, opening those shards with the lease's generation.

Shards open and close in a process of their own, the runner, so
renewals keep their pace however long a rebalance takes. A shard keeps
its lease (and it is renewed) while it opens or closes. After a failed
renewal the loop tries again after half the interval.
Self-fencing. The runner (not the loop, which may be stuck in a slow
call to the lease store) keeps a deadline per shard: its last successful
renewal or claim, plus the TTL, minus :margin. A shard whose deadline
passes is stopped before its lease can expire, and one still waiting to
open (:max_concurrency are opened at once) is not opened. Every open
and close goes to the host from the runner, so the host gets each
shard's in order: a stop always comes after the open it follows. If the
runner exits, the loop stops too, and the cluster's supervisor stops
every shard. If a node is too slow even for that (a long pause), the new
owner's open fences it in SlateDB, so there is still at most one
effective writer.
A failed read of the owners skips the claims of that round, and
lookup/2 keeps the owners of the last successful read. An owner is
routed to only if its name is already an atom on this node (it is
connected, was connected, or is named in configuration such as a peer
discovery topology): lease data never creates atoms. A node that has
never heard of an owner treats its shards as unassigned until the nodes
connect, so the nodes need peer discovery (for example libcluster).
Options common to the lease strategies: :lease_ttl (ms, default
15,000), :interval (default a third of the TTL), :margin (default a sixth of
the TTL), :name (this node's name, default node(); call/4 routes to
it), :cluster_name (default the cluster module's name), and
:max_concurrency (shards opened at once, default 16).
Telemetry: [:slap, :cluster, :lease, :claim | :release | :lost] with
%{cluster, shard}, [:lease, :self_fence] with %{cluster, shards}, and
[:lease, :renew_failed].

      


      
        Summary


  
    Functions
  


    
      
        __using__(opts)

      


        Makes the calling module a lease strategy whose leases it keeps itself: it
implements Slap.Cluster.Strategy with this loop, and must implement
Slap.Cluster.Strategy.LeaseLoop.Store. The strategy's options are
given to the store's init/2 as well as to the loop.



    





      


      
        Functions


        


  
    
      
    
    
      __using__(opts)


        (macro)


        
          
        

    

  


  

Makes the calling module a lease strategy whose leases it keeps itself: it
implements Slap.Cluster.Strategy with this loop, and must implement
Slap.Cluster.Strategy.LeaseLoop.Store. The strategy's options are
given to the store's init/2 as well as to the loop.

  


        

      


  

    
Slap.Cluster.Strategy.LeaseLoop.Store behaviour
    



      
Where a lease strategy keeps its leases and heartbeats. Each callback gets
the store's state and returns it, possibly changed. A lease is
{owner, generation} while unexpired; owners/1 returns only those.
Every call must return within the :timeout given to init/2.

      


      
        Summary


  
    Types
  


    
      
        ctx()

      


    


    
      
        shard()

      


    


    
      
        state()

      


    





  
    Callbacks
  


    
      
        claim(state, count)

      


        Claims up to count free or expired leases; returns [{shard, generation}].



    


    
      
        heartbeat(state)

      


    


    
      
        init(opts, ctx)

      


    


    
      
        leave(state)

      


        Frees every lease of this node and removes its heartbeat (clean stop).



    


    
      
        live_nodes(state)

      


    


    
      
        owners(state)

      


        The owner of every unexpired lease.



    


    
      
        release(state, shard)

      


        Frees this node's lease of shard, if it still holds it.



    


    
      
        renew(state, list)

      


        Renews the leases of shards held by this node; returns those renewed.
The others are lost. If some calls failed, it returns {:error, reason, renewed, failed}: failed are the shards whose lease may or may not
still be held (the next renewal tries them again), and the others not
renewed are lost.



    


    
      
        setup state

      


        Creates what is missing. A transient error is retried. Return
{:error, {:unsupported, reason}} when the store cannot meet the lease
protocol's requirements.



    





      


      
        Types


        


  
    
      
    
    
      ctx()



        
          
        

    

  


  

      

          @type ctx() :: %{
  cluster: module(),
  cluster_name: String.t(),
  me: String.t(),
  ttl: pos_integer(),
  shards: pos_integer(),
  timeout: pos_integer()
}


      



  



  
    
      
    
    
      shard()



        
          
        

    

  


  

      

          @type shard() :: non_neg_integer()


      



  



  
    
      
    
    
      state()



        
          
        

    

  


  

      

          @type state() :: term()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      claim(state, count)



        
          
        

    

  


  

      

          @callback claim(state(), count :: pos_integer()) ::
  {{:ok, [{shard(), non_neg_integer()}]} | {:error, term()}, state()}


      


Claims up to count free or expired leases; returns [{shard, generation}].

  



  
    
      
    
    
      heartbeat(state)



        
          
        

    

  


  

      

          @callback heartbeat(state()) :: {:ok | {:error, term()}, state()}


      



  



  
    
      
    
    
      init(opts, ctx)



        
          
        

    

  


  

      

          @callback init(opts :: keyword(), ctx()) :: state()


      



  



  
    
      
    
    
      leave(state)



        
          
        

    

  


  

      

          @callback leave(state()) :: state()


      


Frees every lease of this node and removes its heartbeat (clean stop).

  



  
    
      
    
    
      live_nodes(state)



        
          
        

    

  


  

      

          @callback live_nodes(state()) :: {{:ok, pos_integer()} | {:error, term()}, state()}


      



  



  
    
      
    
    
      owners(state)



        
          
        

    

  


  

      

          @callback owners(state()) ::
  {{:ok, %{required(shard()) => String.t()}} | {:error, term()}, state()}


      


The owner of every unexpired lease.

  



  
    
      
    
    
      release(state, shard)



        
          
        

    

  


  

      

          @callback release(state(), shard()) :: state()


      


Frees this node's lease of shard, if it still holds it.

  



  
    
      
    
    
      renew(state, list)



        
          
        

    

  


  

      

          @callback renew(state(), [shard()]) ::
  {{:ok, [shard()]} | {:error, term(), [shard()], [shard()]}, state()}


      


Renews the leases of shards held by this node; returns those renewed.
The others are lost. If some calls failed, it returns {:error, reason, renewed, failed}: failed are the shards whose lease may or may not
still be held (the next renewal tries them again), and the others not
renewed are lost.

  



  
    
      
    
    
      setup state



        
          
        

    

  


  

      

          @callback setup(state()) :: {:ok | {:error, term()}, state()}


      


Creates what is missing. A transient error is retried. Return
{:error, {:unsupported, reason}} when the store cannot meet the lease
protocol's requirements.

  


        

      


  

    
Slap.Cluster.Strategy.Local 
    



      
Places every shard on this node. For single-node deployments, development
and CI.
There is no failover: if the node goes down, its shards are unavailable
until it restarts. Run one instance (for example a Kubernetes Deployment
with replicas: 1 and strategy: Recreate).
A shard that fails to open, crashes or is fenced is opened again after an
exponential backoff. Fencing in this mode means a second instance opened
the shard, which is logged at error level; the two instances then keep
taking the shard from each other, slowly, until one stops. SlateDB's
fencing keeps the data safe meanwhile.
Options:
	:backoff_base - the first retry delay in ms (default 1,000).
	:backoff_max - the longest delay in ms (default 60,000). A shard
that stays up this long starts again from :backoff_base.
	:max_concurrency - shards opened at once (default 16).
	:shards - the shards to open here (default all of them).
Slap.Cluster.Strategy.Static uses it.


      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        start_link(opts)

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  


  


        

      


  

    
Slap.Cluster.Strategy.ObjectLease 
    



      
Places shards on the nodes of a cluster through leases kept as objects in
the cluster's own object store: no database is needed, only the bucket
the shards already live in. It is the lease strategy for deployments
without a database.
One object per shard, <path>/_cluster/placement/shards/NNN, holds
{"owner", "expires_at", "generation"}, and one per node,
.../nodes/<name>, its heartbeat. Claims and renewals are conditional
writes: create-if-absent for a lease that does not exist yet, and
If-Match on the version last read or written otherwise, so two nodes
can never both claim or renew the same lease. The loop is
Slap.Cluster.Strategy.LeaseLoop.
Routing (Slap.Cluster.call/4) still goes over distributed Erlang, to
the node a lease names. That name must already be known on the caller's
node (an atom: a node it is or was connected to, or one named in its
configuration), since lease data does not create atoms; so the nodes
need peer discovery, such as libcluster. Until then, a node's shards are
unassigned from the nodes that do not know it.
Requirements
	A store with conditional updates (If-Match): S3 and S3-compatible
stores such as RustFS, Azure, GCS. The local file system only has
create-if-absent, so it cannot be used (cluster startup fails);
one node on a local directory should use Local.
	Clocks within about :max_clock_skew_ms (default 1 s): expiry times are
wall-clock times written by the owner and read by the others. A node
only treats a lease as expired :max_clock_skew_ms after its expiry time.
Beyond that, a claim can come early, which costs a fence in SlateDB,
not data.

Cost
Every interval (a third of the TTL, 5 s by default) each node writes its
heartbeat, lists and reads the heartbeats, renews its leases (one
conditional PUT each), and reads every shard's lease: with 64 shards and 3
nodes, about 20 requests a second per node. A longer TTL costs less and
fails over more slowly.
Options
	:store - where the lease objects live (default the cluster's store).
	:path - their path in it (default <cluster path>/_cluster/placement).
	:max_clock_skew_ms - ms (default 1,000); see above.
	the loop's options: :lease_ttl (default 15 s), :interval,
:margin, :name, :cluster_name, :max_concurrency; see
Slap.Cluster.Strategy.LeaseLoop.


      




  

    
Slap.Cluster.Strategy.Static 
    



      
A fixed assignment of shards to nodes, from configuration: no database,
no leases, no failover. A node opens its own shards (and reopens them
after a backoff if they fail, like Slap.Cluster.Strategy.Local), and
routes to the others by the assignment. If a node is down, its shards are
unavailable until it is back.
It suits a Kubernetes StatefulSet (stable names, the platform restarts a
failed pod) or any small fixed cluster. Changing the assignment moves
shards; do it with the nodes stopped, or accept that two nodes may open a
shard for a moment (SlateDB fences one of them).
Options (one of)
	:nodes - an ordered list of node names; shard n belongs to
Enum.at(nodes, rem(n, length(nodes))). For a StatefulSet:
nodes: for i <- 0..2, do: :"app@app-#{i}.app-headless.ns.svc".
	:assignments - %{node => [shard | Range.t()]}, which must cover
every shard exactly once.


Plus Local's :backoff_base, :backoff_max and :max_concurrency.
Routing goes over distributed Erlang, so the nodes must be connected.
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