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    Overview
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ClusterHelper
This library helps to manage dynamic Elixir clusters in environments like Kubernetes.
Each node has roles like :data, :web, :cache and other nodes joining the cluster can easily get nodes by role.
A configurable scope allows separation into sub-clusters with full isolation between them.
This library can be used together with easy_rpc to easily develop a dynamic Elixir cluster. 
Installation
If available in Hex, the package can be installed
by adding cluster_helper to your list of dependencies in mix.exs:
def deps do
  [
    {:cluster_helper, "~> 1.0"}
  ]
end
Add :cluster_helper to extra_applications in mix.exs so ClusterHelper starts with your app.
  def application do
    [
      mod: {MyApp.Application, []},
      extra_applications: [:cluster_helper]
    ]
  end
Usage
Note: You need join node to cluster by other library (like libcluster) or manually.
Add roles to the config for the node
config :cluster_helper,
  # optional, all roles of current node. Can add role in runtime.
  roles: [:data, :web],
  # optional, default scope is ClusterHelper
  scope: :my_cluster,
  # optional, default 5_000, timeout for sync between nodes.
  pull_timeout: 5_000, # ms
  # optional, default 7_000, time interval for pull from other nodes
  pull_interval: 10_000 # ms
If a node joins or leaves the cluster, other nodes auto-update on the next pull event.
When you add a role to a node, other nodes receive an event to update that node's roles.
Query nodes by role in cluster
ClusterHelper.get_nodes(:data)

# [:node1, :node2]
Check the roles of a node in the cluster
ClusterHelper.get_roles(:node1)

# [:data, :web]
Supports callbacks that trigger on new roles or nodes.
# config/config.exs
config :cluster_helper, event_handler: MyApp.ClusterEvents

# lib/my_app/cluster_events.ex
defmodule MyApp.ClusterEvents do
  @behaviour ClusterHelper.EventHandler

  @impl true
  def on_role_added(node, role) do
    Logger.info("#{node} gained role #{inspect(role)}")
  end

  @impl true
  def on_role_removed(node, role) do
    Logger.info("#{node} lost role #{inspect(role)}")
  end

  @impl true
  def on_node_added(node) do
    Phoenix.PubSub.broadcast(MyApp.PubSub, "cluster", {:node_up, node})
  end

  @impl true
  def on_node_removed(node) do
    Phoenix.PubSub.broadcast(MyApp.PubSub, "cluster", {:node_down, node})
  end
end
Testing
Running Tests
ClusterHelper has three tiers of tests. Unit tests run by default; cluster and scale tests require a distributed Erlang node (--name).
# 1. Unit tests only (fast, no distribution needed)
mix test

# 2. Cluster tests only (2-node convergence, requires --name)
mix test.cluster

# 3. Multi-node scale tests (20+ nodes, requires --name)
mix test.multi_node_scale

# 4. All tests – unit + cluster + scale
mix test.all

Test Suites
	Suite	Tag	Nodes	What it tests
	Unit	(default)	1 (nonode)	Role CRUD, ETS consistency, event handlers, duplicate handling, any-type roles
	Cluster	:cluster	2-3	Node join discovery, live role propagation, node departure cleanup, 3-node convergence
	Multi-Node Scale	:multi_node_scale	10-20+	20-node boot, role convergence, rapid churn waves, partial failure, scope isolation across nodes

Manual Cluster Testing
Start two nodes to test role sync manually:
# Terminal 1
iex --name node1@127.0.0.1 --cookie test_cookie -S mix

# Terminal 2
iex --name node2@127.0.0.1 --cookie test_cookie -S mix

In node2's shell, connect and verify:
# Connect to node1
Node.connect(:"node1@127.0.0.1")
Node.list()
#=> [:"node1@127.0.0.1"]

# Add roles on both nodes
ClusterHelper.add_roles([:web, :api])

# Query roles across the cluster
ClusterHelper.get_nodes(:web)
#=> [:"node1@127.0.0.1", :"node2@127.0.0.1"]

ClusterHelper.get_roles(:"node1@127.0.0.1")
#=> [:web, :api]
Overlapping Scopes
Test scope isolation with multiple scopes on the same nodes:
# Join additional scopes
ClusterHelper.join_scope(:frontend)
ClusterHelper.join_scope(:backend)

# Add different roles per scope
ClusterHelper.add_role(:nginx, :frontend)
ClusterHelper.add_role(:postgres, :backend)

# Scopes are fully isolated
ClusterHelper.get_nodes(:nginx, :frontend)
#=> [:"node1@127.0.0.1", :"node2@127.0.0.1"]

ClusterHelper.get_nodes(:nginx, :backend)
#=> []

# List active scopes
ClusterHelper.list_scopes()
#=> [ClusterHelper, :frontend, :backend]
Example
You can get a full example using with EasyRpc lib on Github


  

    Pluggable Adapters

ClusterHelper follows a Phoenix-like adapter pattern. Every subsystem that
interacts with the outside world is defined as an Elixir behaviour with a
built-in implementation. You can swap any adapter at the config level.
Architecture
Application Config
       │
       ▼
ClusterHelper.Adapter ──► resolves to configured module
       │
       ├── ClusterHelper.Broadcast  ──► ClusterHelper.Broadcast.PG
       ├── ClusterHelper.RoleStore  ──► ClusterHelper.ETSStore
       └── ClusterHelper.RemoteSync ──► ClusterHelper.RemoteSync.ERPC
Broadcast
Manages cluster-wide messaging. The built-in Broadcast.PG uses Erlang's :pg
process groups. To provide a custom broadcast layer:
defmodule MyApp.KafkaBroadcast do
  @behaviour ClusterHelper.Broadcast

  @impl true
  def start_scope(scope), do: # ...
  @impl true
  def join(scope), do: # ...
  @impl true
  def leave(scope), do: # ...
  @impl true
  def broadcast(scope, message), do: # ...
end
Configure it:
config :cluster_helper, ClusterHelper.Adapter,
  broadcast: MyApp.KafkaBroadcast
RoleStore
Persists role-to-node and node-to-role mappings. The built-in ETSStore uses
named ETS tables with read_concurrency: true for microsecond lookups.
Implement the ClusterHelper.RoleStore behaviour to store data in Redis,
PostgreSQL, or any other backend.
RemoteSync
Handles RPC to remote nodes for role pulls. The built-in RemoteSync.ERPC
uses :erpc.call with retry logic for transient failures.
Implement the ClusterHelper.RemoteSync behaviour to use a different transport.
Testing with Mock Adapters
Swapping adapters makes testing straightforward:
defmodule ClusterHelper.RoleStore.Mock do
  @behaviour ClusterHelper.RoleStore
  use Agent

  def start_link(_), do: Agent.start_link(fn -> %{} end, name: __MODULE__)

  @impl true
  def init, do: :ok

  @impl true
  def get_my_roles(scope), do: # ...
  @impl true
  def get_nodes(role, scope), do: # ...
  # ... etc
end


  

    Configuration

All configuration is set via config :cluster_helper in your application
environment.
Reference
config :cluster_helper,
  # Roles applied at startup in the default scope.
  # Any Elixir term is a valid role.
  roles: [:web, :api],

  # Scopes to join at startup (enables overlapping scopes).
  # When nil, defaults to a single scope named by :scope.
  scopes: [:default, :data_processing, :analytics],

  # Default scope name used when no scope is passed to API calls.
  scope: :my_cluster,

  # Timeout (ms) for remote role-pull RPC calls.
  pull_timeout: 5_000,

  # Interval (ms) between periodic background syncs.
  pull_interval: 10_000,

  # Optional event-handler module (see ClusterHelper.EventHandler).
  event_handler: MyApp.ClusterEvents
Adapter Configuration
Adapters for the pluggable subsystems are configured separately:
config :cluster_helper, ClusterHelper.Adapter,
  broadcast: ClusterHelper.Broadcast.PG,
  role_store: ClusterHelper.ETSStore,
  remote_sync: ClusterHelper.RemoteSync.ERPC
Each key accepts any module that implements the corresponding behaviour.
See ClusterHelper.Adapter and the individual behaviour docs for details.
Defaults
	Key	Default	Description
	:scope	ClusterHelper	Default scope atom
	:roles	[]	Startup roles
	:scopes	nil	Startup scopes (nil = single scope)
	:pull_interval	7_000 ms	Periodic pull interval
	:pull_timeout	5_000 ms	RPC timeout
	:event_handler	nil	Event callback module

Runtime Configuration
Configuration is read at runtime via Application.get_env/2, so it can be
set in config/runtime.exs for environment-specific values.


  

    Getting Started

Installation
Add cluster_helper to your mix.exs dependencies:
def deps do
  [
    {:cluster_helper, "~> 0.7"}
  ]
end
Quick Start
Nodes must be connected at the Erlang distribution level (e.g. via
libcluster or Node.connect/1).
Tag a node with roles
# Add roles in the default scope
ClusterHelper.add_role(:web)
ClusterHelper.add_roles([:api, "cache", {:shard, 1}])

# Add roles in a specific scope
ClusterHelper.add_role(:worker, :data_processing)
ClusterHelper.add_roles([:ingester, :aggregator], :analytics)
Query the cluster
# Find all nodes with a given role
ClusterHelper.get_nodes(:web)
#=> [:"node1@host", :"node2@host"]

# Find all roles for a node
ClusterHelper.get_roles(:"node1@host")
#=> [:web, :api]

# List every known node
ClusterHelper.all_nodes()
#=> [:"node1@host", :"node2@host"]

# Query within a specific scope
ClusterHelper.get_nodes(:worker, :data_processing)
#=> [:"node1@host"]
Remove roles
ClusterHelper.remove_role("cache")
ClusterHelper.remove_roles([{:shard, 1}])
Manage scopes at runtime
ClusterHelper.join_scope(:monitoring)
ClusterHelper.add_role(:prometheus_exporter, :monitoring)

ClusterHelper.list_scopes()
#=> [:cluster_helper, :monitoring]

ClusterHelper.leave_scope(:monitoring)
Core Concepts
Roles
A role is any Elixir term — atoms, strings, tuples, integers, or nested data:
ClusterHelper.add_roles([:web, "cache", {:shard, 1}, 42])
Roles are the unit of query. You ask "which nodes have role X?" and the answer is
returned from a lock-free ETS read in microseconds.
Scopes
A scope is an isolated namespace. Each scope maintains its own:
	Role-to-node and node-to-role mappings
	:pg process group for cluster messaging
	Generation counter for efficient sync

A node can have :web in scope :frontend and :worker in scope :backend
simultaneously with zero cross-talk.
Propagation
Changes on one node propagate cluster-wide via :pg broadcast and a periodic
pull with generation-based change detection. This ensures convergence even when
broadcasts are missed.


  

    Overlapping Scopes

Scopes provide full isolation between logical groupings of nodes and roles.
A single node can participate in multiple scopes simultaneously, with separate
role sets, ETS tables, and generation counters for each.
When to Use Multiple Scopes
	Microservices — a node acts as :web in the :frontend scope and
:worker in the :data_processing scope
	Multi-tenant — each tenant gets its own scope for role isolation
	Environment separation — the same node serves :staging and
:production scopes for different workloads
	Feature flags — gradually onboard nodes into experimental scopes

Joining Scopes
At startup
config :cluster_helper,
  scopes: [:frontend, :data_processing, :analytics]
At runtime
ClusterHelper.join_scope(:monitoring)
Per-Scope Operations
Every API function accepts an optional scope parameter:
# Default scope (configured :scope or ClusterHelper)
ClusterHelper.add_role(:web)
ClusterHelper.get_nodes(:web)

# Named scope
ClusterHelper.add_role(:worker, :data_processing)
ClusterHelper.get_nodes(:worker, :data_processing)
ClusterHelper.get_roles(:"node1@host", :analytics)

# List your scopes
ClusterHelper.list_scopes()
#=> [:cluster_helper, :frontend, :data_processing, :analytics]
Isolation Guarantees
Each scope has its own:
	Role-to-node mappings — :web in scope A is invisible to scope B
	Node-to-role mappings — same node, different roles per scope
	:pg process group — broadcasts are scoped, never leak
	Generation counter — sync is independent per scope
	ETS data — clean separation in storage

Leaving Scopes
ClusterHelper.leave_scope(:monitoring)
Leaving removes all local roles in that scope, cleans up ETS entries, and
notifies other nodes via broadcast so they can also remove stale data.


  

    Telemetry & Monitoring

ClusterHelper emits structured events via the :telemetry library, allowing you
to observe cluster activity, measure latencies, and attach custom handlers.
Events
	Event	Measurements	Metadata
	[:cluster_helper, :startup]	%{duration: nat}	%{scopes: [atom], roles: [term]}
	[:cluster_helper, :role, :add]	%{count: pos_int}	%{scope: atom, roles: [term], node: node}
	[:cluster_helper, :role, :remove]	%{count: pos_int}	%{scope: atom, roles: [term], node: node}
	[:cluster_helper, :sync, :pull]	%{count: pos_int}	%{scope: atom, nodes: [node]}
	[:cluster_helper, :gen, :check]	%{duration: nat}	%{node: node, scope: atom, changed: boolean}
	[:cluster_helper, :node, :up]	%{}	%{node: node, scopes: [atom]}
	[:cluster_helper, :node, :down]	%{}	%{node: node}

[:cluster_helper, :sync, :pull] fires each time a pull cycle starts
(initial startup pull and periodic pulls), with the live target nodes.
[:cluster_helper, :gen, :check] fires once per remote generation check,
with the check duration and whether the remote generation had changed.
Attaching a Handler
:telemetry.attach_many(
  "my-app-cluster-helper",
  ClusterHelper.Telemetry.event_names(),
  &MyApp.handle_cluster_event/4,
  :no_config
)
Example Handler
defmodule MyApp.ClusterTelemetryHandler do
  def handle_cluster_event([:cluster_helper, :role, :add], %{count: count}, metadata, _config) do
    Logger.info("Added #{count} roles (#{inspect(metadata.roles)}) to #{metadata.node}")
  end

  def handle_cluster_event([:cluster_helper, :node, :up], _measurements, metadata, _config) do
    Logger.warning("Cluster node joined: #{metadata.node}")
  end

  def handle_cluster_event([:cluster_helper, :node, :down], _measurements, metadata, _config) do
    Logger.error("Cluster node left: #{metadata.node}")
  end

  def handle_cluster_event(_event, _measurements, _metadata, _config), do: :ok
end
Metrics
Because ClusterHelper uses standard :telemetry events, you can plug in any
metric library. For example, with Telemetry.Metrics:
Telemetry.Metrics.ConsoleReporter.start_link([
  {:counter, "cluster_helper.role.add.count", event: [:cluster_helper, :role, :add],
   measurement: :count, name: "cluster.roles.added"},
  {:last_value, "cluster_helper.node.up",
   event: [:cluster_helper, :node, :up], name: "cluster.node.last_join"}
])
Event List
To programmatically list all event names:
ClusterHelper.Telemetry.event_names()
#=> [[:cluster_helper, :startup], [:cluster_helper, :role, :add], ...]
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A helper module for managing dynamic Elixir clusters with overlapping scope support.
ClusterHelper provides a simple, role-based API for tracking nodes in a
distributed cluster. It is designed for dynamic environments such as Kubernetes.
Note: Collab between human & AI.
Features
	Role-based node management – assign one or more roles to each node;
roles can be any Elixir term (atom, string, tuple, …)
	Overlapping scopes – a node can participate in multiple scopes
simultaneously with full isolation between them. Different roles can be
assigned to different scopes.
	Dynamic cluster support – nodes are discovered and tracked automatically
as they join or leave the cluster via :net_kernel.monitor_nodes/2
	Microsecond lookups – read operations (get_nodes/2, get_roles/2,
all_nodes/1) bypass the GenServer and read directly from ETS tables
with read_concurrency: true
	Generation-based sync – each scope tracks a monotonically increasing
generation counter; periodic pulls only do a full RPC when the remote
node's generation has changed, dramatically reducing unnecessary traffic
	Smart node discovery – on :nodeup, the remote node's scope membership
is queried first so roles are only pulled for matching scopes
	Cluster-wide synchronisation – changes propagate via :pg broadcast
and a configurable periodic pull with generation-based change detection
	Event callbacks – optional ClusterHelper.EventHandler behaviour
notifies your code when roles or nodes are added or removed

Quick start
# Tag the current node (default scope)
ClusterHelper.add_role(:web)
ClusterHelper.add_roles([:api, "cache", {:shard, 1}])

# Tag the current node in a specific scope
ClusterHelper.add_role(:worker, :data_processing)
ClusterHelper.add_roles([:ingester, :aggregator], :analytics)

# Join an additional scope at runtime
ClusterHelper.join_scope(:monitoring)
ClusterHelper.add_role(:prometheus_exporter, :monitoring)

# Query the cluster (default scope)
ClusterHelper.get_nodes(:web)              #=> [:"node1@host", :"node2@host"]
ClusterHelper.get_roles(:"node1@host")     #=> [:web, :api]
ClusterHelper.all_nodes()                  #=> [:"node1@host", :"node2@host"]

# Query a specific scope
ClusterHelper.get_nodes(:worker, :data_processing)
#=> [:"node1@host"]

ClusterHelper.get_roles(:"node1@host", :analytics)
#=> [:ingester, :aggregator]

# Check or remove roles
ClusterHelper.get_my_roles()               #=> [:web, :api, "cache", {:shard, 1}]
ClusterHelper.remove_role("cache")
ClusterHelper.remove_roles([{:shard, 1}])

# List all scopes the local node participates in
ClusterHelper.list_scopes()
#=> [:cluster_helper, :data_processing, :analytics, :monitoring]

# Debug-print all scopes with their nodes and roles
ClusterHelper.print_all()

# Leave a scope
ClusterHelper.leave_scope(:monitoring)
Configuration (config/config.exs)
config :cluster_helper,
  # Roles applied at startup in the default scope.
  # Any Elixir term is a valid role.
  roles: [:data, :web],
  # Scopes to join at startup (enables overlapping scopes).
  # If omitted, defaults to a single scope from :scope or :cluster_helper.
  scopes: [:default, :data_processing, :analytics],
  # Default scope name (used when no scope is specified in API calls).
  # Default: ClusterHelper
  scope: :my_cluster,
  # Timeout for remote role-pull RPC calls (default: 5_000 ms)
  pull_timeout: 5_000,
  # Interval between periodic background syncs (default: 7_000 ms)
  pull_interval: 10_000,
  # Optional event-handler module implementing ClusterHelper.EventHandler
  event_handler: MyApp.ClusterEvents
Notes
Nodes must first be connected at the Erlang distribution level (e.g. via
libcluster or Node.connect/1).
ClusterHelper only tracks roles – it does not handle node discovery.
Generation-based sync
Each scope maintains a local generation counter (starting at 0) that is
incremented every time roles are added or removed on this node. During the
periodic pull, the GenServer first checks the remote node's generation via a
lightweight :erpc.call. Only if the generation has changed (or the node is
newly discovered) does a full role pull occur. This avoids expensive full-sync
RPCs when nothing has changed, significantly reducing cluster traffic.
Smart node up/down handling
When a new node connects (:nodeup), ClusterHelper queries the remote
node's scope membership via __get_scopes__/0 and only pulls roles for
scopes that both nodes share. This avoids unnecessary cross-scope RPCs.
When a node disconnects (:nodedown), all its roles are removed from every
scope and the on_node_removed callback is fired.
Scope isolation
Each scope maintains its own:
	Role-to-node mappings
	Node-to-role mappings
	:pg process group for messaging
	Known-nodes tracking
	Generation counter for efficient sync

A node can have :web role in scope :frontend and :worker role in scope
:backend simultaneously. Queries are always scoped, so there is no cross-
scope leakage.
Backward compatibility
All API functions accept an optional scope parameter that defaults to nil.
When nil, the configured default scope is used. Existing code that does not
pass a scope will continue to work unchanged.
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    Functions
  


    
      
        add_role(role, scope \\ nil)

      


        Adds role to the current node in the given scope and propagates the change
cluster-wide.



    


    
      
        add_roles(roles, scope \\ nil)

      


        Adds each role in roles to the current node in the given scope and
propagates cluster-wide.



    


    
      
        all_nodes(scope \\ nil)

      


        Returns a deduplicated list of every node that has at least one role in the
given scope.



    


    
      
        get_my_roles(scope \\ nil)

      


        Returns all roles currently assigned to this node in the given scope.



    


    
      
        get_nodes(role, scope \\ nil)

      


        Returns every node in the given scope that has been assigned role.



    


    
      
        get_roles(node, scope \\ nil)

      


        Returns all roles assigned to node in the given scope.



    


    
      
        join_scope(scope)

      


        Joins the current node to an additional scope.



    


    
      
        leave_scope(scope)

      


        Leaves the given scope, removing all local roles and cleaning up ETS entries
for this scope.



    


    
      
        list_scopes()

      


        Returns a list of all scopes the local node is currently participating in.



    


    
      
        local_node?(node)

      


        Returns true when node is the local node, false otherwise.



    


    
      
        print_all()

      


        Prints every scope the local node participates in, with all nodes and
their roles in each scope.



    


    
      
        print_nodes(scope \\ nil)

      


        Prints every node in the given scope together with its roles.



    


    
      
        remove_role(role, scope \\ nil)

      


        Removes role from the current node in the given scope and propagates the
change cluster-wide.



    


    
      
        remove_roles(roles, scope \\ nil)

      


        Removes each role in roles from the current node in the given scope and
propagates cluster-wide.
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          @type role() :: term()
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          @type scope() :: atom()
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      add_role(role, scope \\ nil)



        
          
        

    

  


  

      

          @spec add_role(role(), scope :: scope() | nil) :: :ok


      


Adds role to the current node in the given scope and propagates the change
cluster-wide.
If scope is nil, uses the default scope. The scope is automatically
joined if it hasn't been already.
role can be any Elixir term. Duplicate roles are silently ignored.
Examples
ClusterHelper.add_role(:web)
ClusterHelper.add_role({:shard, 1})
ClusterHelper.get_my_roles()
#=> [:web, {:shard, 1}]

ClusterHelper.add_role(:worker, :data_processing)
ClusterHelper.get_my_roles(:data_processing)
#=> [:worker]

  



    

  
    
      
    
    
      add_roles(roles, scope \\ nil)



        
          
        

    

  


  

      

          @spec add_roles([role()], scope :: scope() | nil) :: :ok


      


Adds each role in roles to the current node in the given scope and
propagates cluster-wide.
If scope is nil, uses the default scope. All new roles are announced in
a single pub/sub event. Duplicates are filtered. Roles can be any Elixir term.
Examples
ClusterHelper.add_roles([:web, "api", {:shard, 1}])
ClusterHelper.get_my_roles()
#=> [:web, "api", {:shard, 1}]

ClusterHelper.add_roles([:ingester, :aggregator], :analytics)
ClusterHelper.get_my_roles(:analytics)
#=> [:ingester, :aggregator]

  



    

  
    
      
    
    
      all_nodes(scope \\ nil)



        
          
        

    

  


  

      

          @spec all_nodes(scope :: scope() | nil) :: [node_name()]


      


Returns a deduplicated list of every node that has at least one role in the
given scope.
If scope is nil, uses the default scope.
Examples
ClusterHelper.all_nodes()
#=> [:"node1@127.0.0.1", :"node2@127.0.0.1"]

ClusterHelper.all_nodes(:data_processing)
#=> [:"node1@127.0.0.1"]

  



    

  
    
      
    
    
      get_my_roles(scope \\ nil)



        
          
        

    

  


  

      

          @spec get_my_roles(scope :: scope() | nil) :: [role()]


      


Returns all roles currently assigned to this node in the given scope.
If scope is nil, uses the default scope.
Examples
ClusterHelper.add_roles([:web, "api"])
ClusterHelper.get_my_roles()
#=> [:web, "api"]

ClusterHelper.get_my_roles(:analytics)
#=> [:ingester]

  



    

  
    
      
    
    
      get_nodes(role, scope \\ nil)



        
          
        

    

  


  

      

          @spec get_nodes(role(), scope :: scope() | nil) :: [node_name()]


      


Returns every node in the given scope that has been assigned role.
If scope is nil, uses the default scope. Returns [] when no node
carries that role in the specified scope.
Examples
ClusterHelper.add_role(:web)
ClusterHelper.get_nodes(:web)
#=> [:"node1@127.0.0.1"]

ClusterHelper.add_role(:worker, :data_processing)
ClusterHelper.get_nodes(:worker, :data_processing)
#=> [:"node1@127.0.0.1"]

ClusterHelper.get_nodes({:shard, 1})
#=> []

  



    

  
    
      
    
    
      get_roles(node, scope \\ nil)



        
          
        

    

  


  

      

          @spec get_roles(node_name(), scope :: scope() | nil) :: [role()]


      


Returns all roles assigned to node in the given scope.
If scope is nil, uses the default scope. Returns [] when the node
is unknown or has no roles in that scope.
Examples
ClusterHelper.add_roles([:web, {:shard, 2}])
ClusterHelper.get_roles(Node.self())
#=> [:web, {:shard, 2}]

ClusterHelper.get_roles(:"node1@127.0.0.1", :analytics)
#=> [:ingester, :aggregator]

  



  
    
      
    
    
      join_scope(scope)



        
          
        

    

  


  

      

          @spec join_scope(scope()) :: :ok | {:error, :already_joined}


      


Joins the current node to an additional scope.
The scope is started (if not already), the node joins the :all_nodes group,
and an initial pull is performed from all connected nodes for this scope.
Returns :ok on success, or {:error, :already_joined} if the node is
already a member of the scope.
Examples
ClusterHelper.join_scope(:monitoring)
#=> :ok

ClusterHelper.join_scope(:monitoring)
#=> {:error, :already_joined}

  



  
    
      
    
    
      leave_scope(scope)



        
          
        

    

  


  

      

          @spec leave_scope(scope()) :: :ok | {:error, :not_joined}


      


Leaves the given scope, removing all local roles and cleaning up ETS entries
for this scope.
Returns :ok on success, or {:error, :not_joined} if the node is not
a member of the scope.
Examples
ClusterHelper.leave_scope(:monitoring)
#=> :ok

ClusterHelper.leave_scope(:monitoring)
#=> {:error, :not_joined}

  



  
    
      
    
    
      list_scopes()



        
          
        

    

  


  

      

          @spec list_scopes() :: [scope()]


      


Returns a list of all scopes the local node is currently participating in.
Examples
ClusterHelper.add_role(:web)
ClusterHelper.join_scope(:analytics)
ClusterHelper.list_scopes()
#=> [:cluster_helper, :analytics]

  



  
    
      
    
    
      local_node?(node)



        
          
        

    

  


  

      

          @spec local_node?(node_name()) :: boolean()


      


Returns true when node is the local node, false otherwise.
Examples
ClusterHelper.local_node?(Node.self())
#=> true

ClusterHelper.local_node?(:"other@127.0.0.1")
#=> false

  



  
    
      
    
    
      print_all()



        
          
        

    

  


  

      

          @spec print_all() :: :ok


      


Prints every scope the local node participates in, with all nodes and
their roles in each scope.
Returns :ok. Intended for debugging in IEx. Equivalent to
print_nodes(nil).
Examples
ClusterHelper.add_roles([:web])
ClusterHelper.print_all()
#=> Scope :cluster_helper:
#=>   :"node1@127.0.0.1" → [:web]
#=> Scope :analytics:
#=>   (no nodes)

  



    

  
    
      
    
    
      print_nodes(scope \\ nil)



        
          
        

    

  


  

      

          @spec print_nodes(scope :: scope() | nil) :: :ok


      


Prints every node in the given scope together with its roles.
If scope is nil, prints all scopes the local node participates in.
Returns :ok. Intended for debugging in IEx.
Examples
ClusterHelper.add_roles([:web, :api])
ClusterHelper.print_nodes()
#=> Scope :cluster_helper:
#=>   :"node1@127.0.0.1" → [:web, :api]

ClusterHelper.print_nodes(:analytics)
#=> Scope :analytics:
#=>   :"node1@127.0.0.1" → [:ingester, :aggregator]

  



    

  
    
      
    
    
      remove_role(role, scope \\ nil)



        
          
        

    

  


  

      

          @spec remove_role(role(), scope :: scope() | nil) :: :ok


      


Removes role from the current node in the given scope and propagates the
change cluster-wide.
If scope is nil, uses the default scope.
Examples
ClusterHelper.add_roles([:web, "api"])
ClusterHelper.remove_role("api")
ClusterHelper.get_my_roles()
#=> [:web]

ClusterHelper.remove_role(:worker, :data_processing)

  



    

  
    
      
    
    
      remove_roles(roles, scope \\ nil)



        
          
        

    

  


  

      

          @spec remove_roles([role()], scope :: scope() | nil) :: :ok


      


Removes each role in roles from the current node in the given scope and
propagates cluster-wide.
If scope is nil, uses the default scope.
Examples
ClusterHelper.add_roles([:web, "api", {:shard, 1}])
ClusterHelper.remove_roles(["api", {:shard, 1}])
ClusterHelper.get_my_roles()
#=> [:web]

ClusterHelper.remove_roles([:ingester, :aggregator], :analytics)

  


        

      


  

    
ClusterHelper.Adapter 
    



      
Registry for ClusterHelper pluggable adapters.
Each subsystem (broadcast, role store, remote sync) is defined as a behaviour
and can be swapped at the application config level:
config :cluster_helper, ClusterHelper.Adapter,
  broadcast: ClusterHelper.Broadcast.PG,
  role_store: ClusterHelper.ETSStore,
  remote_sync: ClusterHelper.RemoteSync.ERPC
When no config is given each type falls back to its default adapter listed
above, so existing projects work without any configuration change.

      


      
        Summary


  
    Types
  


    
      
        adapter_type()

      


    





  
    Functions
  


    
      
        for(adapter_type)

      


        Returns the configured adapter module for the given type.



    





      


      
        Types


        


  
    
      
    
    
      adapter_type()



        
          
        

    

  


  

      

          @type adapter_type() :: :broadcast | :role_store | :remote_sync


      



  


        

      

      
        Functions


        


  
    
      
    
    
      for(adapter_type)



        
          
        

    

  


  

      

          @spec for(adapter_type()) :: module()


      


Returns the configured adapter module for the given type.
Config can be a map or keyword list (both are common in Elixir config).

  


        

      


  

    
ClusterHelper.Broadcast behaviour
    



      
Behaviour for cluster-wide messaging.
Implementations handle the mechanics of delivering messages to all nodes
in a scope. The configured adapter is resolved via ClusterHelper.Adapter.
Built-in adapters
	ClusterHelper.Broadcast.PG — Erlang :pg process groups (default)

Custom adapters
defmodule MyApp.MyBroadcast do
  @behaviour ClusterHelper.Broadcast

  @impl true
  def start_scope(scope), do: ...
  @impl true
  def join(scope), do: ...
  @impl true
  def leave(scope), do: ...
  @impl true
  def broadcast(scope, message), do: ...
end
Then configure it:
config :cluster_helper, ClusterHelper.Adapter,
  broadcast: MyApp.MyBroadcast

      


      
        Summary


  
    Callbacks
  


    
      
        broadcast(scope, message)

      


        Sends a message to every other member of the scope.



    


    
      
        join(scope)

      


        Joins the current process to the scope's group.



    


    
      
        leave(scope)

      


        Leaves the current process from the scope's group.



    


    
      
        start_scope(scope)

      


        Ensures the messaging scope is initialized.



    





  
    Functions
  


    
      
        broadcast(scope, message)

      


        Broadcasts a message (delegates to configured adapter).



    


    
      
        join(scope)

      


        Joins the current process (delegates to configured adapter).



    


    
      
        leave(scope)

      


        Leaves the current process (delegates to configured adapter).



    


    
      
        start_scope(scope)

      


        Ensures a scope is started (delegates to configured adapter).



    





      


      
        Callbacks


        


  
    
      
    
    
      broadcast(scope, message)



        
          
        

    

  


  

      

          @callback broadcast(scope :: atom(), message :: term()) :: :ok


      


Sends a message to every other member of the scope.

  



  
    
      
    
    
      join(scope)



        
          
        

    

  


  

      

          @callback join(scope :: atom()) :: :ok


      


Joins the current process to the scope's group.

  



  
    
      
    
    
      leave(scope)



        
          
        

    

  


  

      

          @callback leave(scope :: atom()) :: :ok


      


Leaves the current process from the scope's group.

  



  
    
      
    
    
      start_scope(scope)



        
          
        

    

  


  

      

          @callback start_scope(scope :: atom()) :: :ok


      


Ensures the messaging scope is initialized.

  


        

      

      
        Functions


        


  
    
      
    
    
      broadcast(scope, message)



        
          
        

    

  


  

      

          @spec broadcast(atom(), term()) :: :ok


      


Broadcasts a message (delegates to configured adapter).

  



  
    
      
    
    
      join(scope)



        
          
        

    

  


  

      

          @spec join(atom()) :: :ok


      


Joins the current process (delegates to configured adapter).

  



  
    
      
    
    
      leave(scope)



        
          
        

    

  


  

      

          @spec leave(atom()) :: :ok


      


Leaves the current process (delegates to configured adapter).

  



  
    
      
    
    
      start_scope(scope)



        
          
        

    

  


  

      

          @spec start_scope(atom()) :: :ok


      


Ensures a scope is started (delegates to configured adapter).

  


        

      


  

    
ClusterHelper.Broadcast.PG 
    



      
Broadcast adapter backed by Erlang :pg process groups.
Messages are delivered to all members of a scope's :all_nodes group except
the sender, using :pg.get_members/2 + send/2.

      




  

    
ClusterHelper.ClusterState 
    



      
Pure domain state transformations for cluster membership.
All functions in this module are pure — they take state and return
new state with no side effects. This keeps the core business logic
(scopes, roles, generations) testable and independent of GenServer or ETS.

      


      
        Summary


  
    Types
  


    
      
        gen_map()

      


    


    
      
        node_set()

      


    


    
      
        role_set()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        add_known_node(state, scope, node)

      


        Marks a node as known in a scope.



    


    
      
        add_roles(state, scope, new_roles)

      


        Adds roles to a scope, returning updated state and the roles that were
actually new (not already present).



    


    
      
        add_scope(state, scope)

      


        Adds a scope to the state, initialising all per-scope maps.



    


    
      
        has_scope?(state, scope)

      


        Returns true if the scope exists in the state.



    


    
      
        new()

      


        Returns a new empty state.



    


    
      
        put_remote_generation(state, scope, node, gen)

      


        Updates the remote generation for a node in a scope.



    


    
      
        remove_known_node(state, scope, node)

      


        Removes a node from the known set in a scope.



    


    
      
        remove_known_node_from_all(state, node)

      


        Removes a node from all known-node sets across all scopes.



    


    
      
        remove_remote_gen_from_all(state, node)

      


        Removes a node's remote generation from all scopes.



    


    
      
        remove_roles(state, scope, roles_to_remove)

      


        Removes roles from a scope, returning updated state and the roles that
were actually removed (existed in the set).



    


    
      
        remove_scope(state, scope)

      


        Removes a scope and all its data from the state.



    





      


      
        Types


        


  
    
      
    
    
      gen_map()



        
          
        

    

  


  

      

          @type gen_map() :: %{required(node()) => integer()}


      



  



  
    
      
    
    
      node_set()



        
          
        

    

  


  

      

          @type node_set() :: MapSet.t(node())


      



  



  
    
      
    
    
      role_set()



        
          
        

    

  


  

      

          @type role_set() :: MapSet.t(term())


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %{
  optional(:scopes) => MapSet.t(atom()),
  optional(:roles) => %{required(atom()) => role_set()},
  optional(:known_nodes) => %{required(atom()) => node_set()},
  optional(:generations) => %{required(atom()) => integer()},
  optional(:remote_generations) => %{required(atom()) => gen_map()}
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      add_known_node(state, scope, node)



        
          
        

    

  


  

      

          @spec add_known_node(t(), atom(), node()) :: t()


      


Marks a node as known in a scope.

  



  
    
      
    
    
      add_roles(state, scope, new_roles)



        
          
        

    

  


  

      

          @spec add_roles(t(), atom(), [term()]) :: {t(), [term()], integer()}


      


Adds roles to a scope, returning updated state and the roles that were
actually new (not already present).

  



  
    
      
    
    
      add_scope(state, scope)



        
          
        

    

  


  

      

          @spec add_scope(t(), atom()) :: t()


      


Adds a scope to the state, initialising all per-scope maps.

  



  
    
      
    
    
      has_scope?(state, scope)



        
          
        

    

  


  

      

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


      


Returns true if the scope exists in the state.

  



  
    
      
    
    
      new()



        
          
        

    

  


  

Returns a new empty state.

  



  
    
      
    
    
      put_remote_generation(state, scope, node, gen)



        
          
        

    

  


  

      

          @spec put_remote_generation(t(), atom(), node(), integer()) :: t()


      


Updates the remote generation for a node in a scope.

  



  
    
      
    
    
      remove_known_node(state, scope, node)



        
          
        

    

  


  

      

          @spec remove_known_node(t(), atom(), node()) :: t()


      


Removes a node from the known set in a scope.

  



  
    
      
    
    
      remove_known_node_from_all(state, node)



        
          
        

    

  


  

      

          @spec remove_known_node_from_all(t(), node()) :: t()


      


Removes a node from all known-node sets across all scopes.

  



  
    
      
    
    
      remove_remote_gen_from_all(state, node)



        
          
        

    

  


  

      

          @spec remove_remote_gen_from_all(t(), node()) :: t()


      


Removes a node's remote generation from all scopes.

  



  
    
      
    
    
      remove_roles(state, scope, roles_to_remove)



        
          
        

    

  


  

      

          @spec remove_roles(t(), atom(), [term()]) :: {t(), [term()], integer()}


      


Removes roles from a scope, returning updated state and the roles that
were actually removed (existed in the set).

  



  
    
      
    
    
      remove_scope(state, scope)



        
          
        

    

  


  

      

          @spec remove_scope(t(), atom()) :: t()


      


Removes a scope and all its data from the state.

  


        

      


  

    
ClusterHelper.Config 
    



      
Configuration struct for ClusterHelper.
Use ClusterHelper.Config.from_app_env/0 to load configuration from
application environment, or construct one directly for testing.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        default_scope()

      


        Returns the configured default scope directly from application environment.



    


    
      
        from_app_env()

      


        Builds a Config from application environment (Application.get_env/2).



    


    
      
        resolve_scope(config, scope)

      


        Resolves nil scope to the configured default scope.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ClusterHelper.Config{
  event_handler: module() | nil,
  pull_interval: pos_integer(),
  pull_timeout: pos_integer(),
  roles: [term()],
  scope: atom(),
  scopes: [atom()] | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      default_scope()



        
          
        

    

  


  

      

          @spec default_scope() :: atom()


      


Returns the configured default scope directly from application environment.
Cheaper than building a full Config struct — intended for hot paths.

  



  
    
      
    
    
      from_app_env()



        
          
        

    

  


  

      

          @spec from_app_env() :: t()


      


Builds a Config from application environment (Application.get_env/2).
All fields have sensible defaults, so this never fails.

  



  
    
      
    
    
      resolve_scope(config, scope)



        
          
        

    

  


  

      

          @spec resolve_scope(t(), atom() | nil) :: atom()


      


Resolves nil scope to the configured default scope.

  


        

      


  

    
ClusterHelper.ETSStore 
    



      
ETS-based implementation of ClusterHelper.RoleStore.
Maintains three named ETS tables:
	ClusterHelper.NodeConfig — an :ordered_set holding one row per fact.
Each fact is stored as a single-element tuple whose composite term is
the ETS key, so every key is unique and every read/write is O(log n):
	{:role, scope, role, node} — node carries role in scope
	{:node, scope, node, role} — the mirrored index for reverse lookups

Because the leading tag (:role / :node) plus scope are bound in
lookups, :ets.select/2 prunes to the matching key range instead of
scanning the table. Unique keys also mean inserts never pay duplicate
scans and deletes never amplify, which keeps bulk operations linear
even for nodes carrying thousands of roles.

	ClusterHelper.NodeConfig_nodes — a :set table with {:scope, scope, node}
entries for O(1) node enumeration per scope


Read operations (get_my_roles/1, get_nodes/2, get_roles/2, all_nodes/1)
bypass any GenServer and read directly from ETS with read_concurrency: true.
All writes flow through the ClusterHelper.NodeConfig GenServer (single
writer); reads are lock-free from any process.
Table names
Table names are kept as ClusterHelper.NodeConfig and its derived name
for backward compatibility with any code that references the ETS tables
directly. Note the row shape changed in v1.1 (flat unique keys replacing
the previous bag layout).

      


      
        Summary


  
    Functions
  


    
      
        has_roles?(node, scope)

      


        Returns true if the node has any roles in the scope.



    


    
      
        purge_scope(scope)

      


        Purges all ETS entries for a scope.



    





      


      
        Functions


        


  
    
      
    
    
      has_roles?(node, scope)



        
          
        

    

  


  

      

          @spec has_roles?(node(), atom()) :: boolean()


      


Returns true if the node has any roles in the scope.

  



  
    
      
    
    
      purge_scope(scope)



        
          
        

    

  


  

      

          @spec purge_scope(atom()) :: :ok


      


Purges all ETS entries for a scope.

  


        

      


  

    
ClusterHelper.EventHandler behaviour
    



      
Optional callback behaviour for ClusterHelper events.
Implement this behaviour in any module and set it in your config:
config :cluster_helper, event_handler: MyApp.ClusterEvents
All callbacks are optional — implement only the ones you need.
Callbacks run synchronously in the caller's context and are crash-guarded:
an exception or exit inside a callback is logged and swallowed so a faulty
handler can never take down cluster management. Keep handlers fast — slow
callbacks delay role operations.
Example
defmodule MyApp.ClusterEvents do
  @behaviour ClusterHelper.EventHandler

  @impl true
  def on_role_added(node, role) do
    Logger.info("Node #{node} gained role #{inspect(role)}")
  end

  @impl true
  def on_role_removed(node, role) do
    Logger.info("Node #{node} lost role #{inspect(role)}")
  end

  @impl true
  def on_node_added(node) do
    Logger.info("New node joined the cluster: #{node}")
  end

  @impl true
  def on_node_removed(node) do
    Logger.info("Node left the cluster: #{node}")
  end
end

      


      
        Summary


  
    Callbacks
  


    
      
        on_node_added(node)

      


        Called when a previously unknown node is discovered for the first time
(i.e. on the initial pull after it joins the cluster).



    


    
      
        on_node_removed(node)

      


        Called when a node goes down and is removed from the cluster.



    


    
      
        on_role_added(node, role)

      


        Called whenever a role is inserted into the local ETS table for any node
(local or remote). Fired once per role, even when a batch is added.



    


    
      
        on_role_removed(node, role)

      


        Called whenever a role is removed from a node in the local ETS table.
Fired once per role, even when a batch is removed.



    





      


      
        Callbacks


        


  
    
      
    
    
      on_node_added(node)


        (optional)


        
          
        

    

  


  

      

          @callback on_node_added(node :: node()) :: :ok


      


Called when a previously unknown node is discovered for the first time
(i.e. on the initial pull after it joins the cluster).

  



  
    
      
    
    
      on_node_removed(node)


        (optional)


        
          
        

    

  


  

      

          @callback on_node_removed(node :: node()) :: :ok


      


Called when a node goes down and is removed from the cluster.

  



  
    
      
    
    
      on_role_added(node, role)


        (optional)


        
          
        

    

  


  

      

          @callback on_role_added(node :: node(), role :: ClusterHelper.role()) :: :ok


      


Called whenever a role is inserted into the local ETS table for any node
(local or remote). Fired once per role, even when a batch is added.
node is the node that owns the role; role can be any Elixir term.

  



  
    
      
    
    
      on_role_removed(node, role)


        (optional)


        
          
        

    

  


  

      

          @callback on_role_removed(node :: node(), role :: ClusterHelper.role()) :: :ok


      


Called whenever a role is removed from a node in the local ETS table.
Fired once per role, even when a batch is removed.
node is the node that lost the role; role can be any Elixir term.

  


        

      


  

    
ClusterHelper.NodeConfig 
    



      
GenServer that orchestrates cluster role management.
This is the application / orchestration layer in Clean Architecture terms.
It coordinates:
	ClusterHelper.ETSStore — persists role↔node mappings
	ClusterHelper.Broadcast — cluster-wide event propagation via :pg
	ClusterHelper.PullEngine — background sync with generation-based detection
	ClusterHelper.RemoteSync — RPC to remote nodes
	ClusterHelper.EventHandler — user-defined callbacks
	ClusterHelper.ClusterState — pure in-memory state

All role-store mutations are serialised through this GenServer (single
writer); reads bypass it and go straight to ETS.

      


      
        Summary


  
    Functions
  


    
      
        add_role(role, scope \\ nil)

      


        Adds a single role to the local node and propagates cluster-wide.



    


    
      
        add_roles(roles, scope \\ nil)

      


        Adds multiple roles to the local node and propagates cluster-wide.



    


    
      
        all_nodes(scope \\ nil)

      


        Returns all nodes with at least one role. Reads directly from ETS.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        get_my_roles(scope \\ nil)

      


        Returns all roles for the local node. Reads directly from ETS.



    


    
      
        get_nodes(role, scope \\ nil)

      


        Returns nodes with the given role. Reads directly from ETS.



    


    
      
        get_roles(node, scope \\ nil)

      


        Returns roles for a node. Reads directly from ETS.



    


    
      
        join_scope(scope)

      


        Joins an additional scope.



    


    
      
        leave_scope(scope)

      


        Leaves a scope, removing all roles and cleaning up.



    


    
      
        list_scopes()

      


        Lists all scopes the local node is participating in.



    


    
      
        local_node?(node)

      


        Returns true when the node is the local node.



    


    
      
        remove_role(role, scope \\ nil)

      


        Removes a single role from the local node and propagates cluster-wide.



    


    
      
        remove_roles(roles, scope \\ nil)

      


        Removes multiple roles from the local node and propagates cluster-wide.



    


    
      
        start_link(_)

      


    





      


      
        Functions


        


    

  
    
      
    
    
      add_role(role, scope \\ nil)



        
          
        

    

  


  

      

          @spec add_role(term(), atom() | nil) :: :ok


      


Adds a single role to the local node and propagates cluster-wide.

  



    

  
    
      
    
    
      add_roles(roles, scope \\ nil)



        
          
        

    

  


  

      

          @spec add_roles([term()], atom() | nil) :: :ok


      


Adds multiple roles to the local node and propagates cluster-wide.

  



    

  
    
      
    
    
      all_nodes(scope \\ nil)



        
          
        

    

  


  

      

          @spec all_nodes(atom() | nil) :: [node()]


      


Returns all nodes with at least one role. Reads directly from ETS.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



    

  
    
      
    
    
      get_my_roles(scope \\ nil)



        
          
        

    

  


  

      

          @spec get_my_roles(atom() | nil) :: [term()]


      


Returns all roles for the local node. Reads directly from ETS.

  



    

  
    
      
    
    
      get_nodes(role, scope \\ nil)



        
          
        

    

  


  

      

          @spec get_nodes(term(), atom() | nil) :: [node()]


      


Returns nodes with the given role. Reads directly from ETS.

  



    

  
    
      
    
    
      get_roles(node, scope \\ nil)



        
          
        

    

  


  

      

          @spec get_roles(node(), atom() | nil) :: [term()]


      


Returns roles for a node. Reads directly from ETS.

  



  
    
      
    
    
      join_scope(scope)



        
          
        

    

  


  

      

          @spec join_scope(atom()) :: :ok | {:error, :already_joined}


      


Joins an additional scope.

  



  
    
      
    
    
      leave_scope(scope)



        
          
        

    

  


  

      

          @spec leave_scope(atom()) :: :ok | {:error, :not_joined}


      


Leaves a scope, removing all roles and cleaning up.

  



  
    
      
    
    
      list_scopes()



        
          
        

    

  


  

      

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


      


Lists all scopes the local node is participating in.

  



  
    
      
    
    
      local_node?(node)



        
          
        

    

  


  

      

          @spec local_node?(node()) :: boolean()


      


Returns true when the node is the local node.

  



    

  
    
      
    
    
      remove_role(role, scope \\ nil)



        
          
        

    

  


  

      

          @spec remove_role(term(), atom() | nil) :: :ok


      


Removes a single role from the local node and propagates cluster-wide.

  



    

  
    
      
    
    
      remove_roles(roles, scope \\ nil)



        
          
        

    

  


  

      

          @spec remove_roles([term()], atom() | nil) :: :ok


      


Removes multiple roles from the local node and propagates cluster-wide.

  



  
    
      
    
    
      start_link(_)



        
          
        

    

  


  

      

          @spec start_link(any()) :: GenServer.on_start()


      



  


        

      


  

    
ClusterHelper.PullEngine 
    



      
Coordinates background pull operations for cluster synchronisation.
Manages async tasks that pull role data from remote nodes, using
generation-based change detection to minimise unnecessary RPC traffic.
Remote nodes are checked concurrently (bounded by @max_pull_concurrency)
so pull cycles stay fast on large clusters.

      


      
        Summary


  
    Functions
  


    
      
        pull_all(server, scope)

      


        Starts background pulls from all connected nodes for the given scope.



    


    
      
        pull_all_with_generation_check(server, scope, remote_generations)

      


        Generation-aware periodic pull.



    


    
      
        pull_new_node(server, remote_node, local_scopes)

      


        Pulls roles from a newly discovered node, discovering matching scopes first.



    





      


      
        Functions


        


  
    
      
    
    
      pull_all(server, scope)



        
          
        

    

  


  

      

          @spec pull_all(pid(), atom()) :: :ok


      


Starts background pulls from all connected nodes for the given scope.
Each pull runs in a separate Task via Task.Supervisor, and results
are sent back to server as {:pull_update_node, scope, node, roles, gen}.

  



  
    
      
    
    
      pull_all_with_generation_check(server, scope, remote_generations)



        
          
        

    

  


  

      

          @spec pull_all_with_generation_check(pid(), atom(), %{optional(atom()) => map()}) ::
  :ok


      


Generation-aware periodic pull.
For each live node, checks the remote generation first (concurrently across
nodes). Only does a full role pull when the generation has changed. Also
detects and reports stale nodes (in ETS but no longer in Node.list()).
Results are sent back as:
	{:pull_update_node, scope, node, roles, gen} — gen is an integer when
the remote generation was known, nil otherwise
	{:stale_node, scope, node} — node no longer in cluster


  



  
    
      
    
    
      pull_new_node(server, remote_node, local_scopes)



        
          
        

    

  


  

      

          @spec pull_new_node(pid(), node(), MapSet.t(atom())) :: :ok


      


Pulls roles from a newly discovered node, discovering matching scopes first.

  


        

      


  

    
ClusterHelper.RemoteSync behaviour
    



      
Behaviour for remote Erlang RPC operations used in cluster synchronisation.
Implementations handle generation checks and full role pulls from remote
nodes. The configured adapter is resolved via ClusterHelper.Adapter.
Built-in adapters
	ClusterHelper.RemoteSync.ERPC — uses :erpc.call (default)

Custom adapters
defmodule MyApp.MyRemoteSync do
  @behaviour ClusterHelper.RemoteSync

  @impl true
  def get_remote_generation(node, scope), do: ...
  @impl true
  def pull_roles_from_node(scope, node, opts \ []), do: ...
  @impl true
  def get_remote_scopes(node), do: ...
end

      


      
        Summary


  
    Callbacks
  


    
      
        get_remote_generation(node, atom)

      


        Gets the generation counter from a remote node for a given scope.



    


    
      
        get_remote_scopes(node)

      


        Gets scopes from a remote node.



    


    
      
        pull_roles_from_node(atom, node, keyword)

      


        Performs a full role pull from a remote node.



    





  
    Functions
  


    
      
        get_remote_generation(node, scope)

      


        Gets the generation counter (delegates to configured adapter).



    


    
      
        get_remote_scopes(node)

      


        Gets scopes from a remote node (delegates to configured adapter).



    


    
      
        pull_roles_from_node(scope, node, opts \\ [])

      


        Pulls roles from a remote node (delegates to configured adapter).



    





      


      
        Callbacks


        


  
    
      
    
    
      get_remote_generation(node, atom)



        
          
        

    

  


  

      

          @callback get_remote_generation(node(), atom()) :: {:ok, integer()} | {:error, term()}


      


Gets the generation counter from a remote node for a given scope.
Returns {:ok, integer} on success, {:error, reason} on failure.

  



  
    
      
    
    
      get_remote_scopes(node)



        
          
        

    

  


  

      

          @callback get_remote_scopes(node()) :: {:ok, [atom()]} | {:error, term()}


      


Gets scopes from a remote node.
Returns {:ok, scopes} on success, {:error, reason} on failure.

  



  
    
      
    
    
      pull_roles_from_node(atom, node, keyword)



        
          
        

    

  


  

      

          @callback pull_roles_from_node(atom(), node(), keyword()) ::
  {:ok, [term()]} | {:error, term()}


      


Performs a full role pull from a remote node.
Returns {:ok, roles} on success, {:error, reason} on failure.

  


        

      

      
        Functions


        


  
    
      
    
    
      get_remote_generation(node, scope)



        
          
        

    

  


  

      

          @spec get_remote_generation(node(), atom()) :: {:ok, integer()} | {:error, term()}


      


Gets the generation counter (delegates to configured adapter).

  



  
    
      
    
    
      get_remote_scopes(node)



        
          
        

    

  


  

Gets scopes from a remote node (delegates to configured adapter).

  



    

  
    
      
    
    
      pull_roles_from_node(scope, node, opts \\ [])



        
          
        

    

  


  

      

          @spec pull_roles_from_node(atom(), node(), keyword()) ::
  {:ok, [term()]} | {:error, term()}


      


Pulls roles from a remote node (delegates to configured adapter).

  


        

      


  

    
ClusterHelper.RemoteSync.ERPC 
    



      
Remote sync adapter using Erlang's :erpc.call for distributed RPC.
Normalises every failure mode into {:ok, result} / {:error, reason}
and retries transient :noproc errors up to 3 times.
Error reasons produced by safe_erpc_call/5:
	{:erpc, :noconnection | :timeout | :noproc} — transport-level failures

	{:exception, class, reason} — the remote function raised (:undef, …),
exited, or threw; class mirrors the remote exception class
	{kind, reason} — any other unexpected failure mode, passed through


      


      
        Summary


  
    Functions
  


    
      
        safe_erpc_call(node, module, fun, args, timeout)

      


        Wraps :erpc.call/5, normalising every failure mode into
{:ok, result} or {:error, reason}.



    





      


      
        Functions


        


  
    
      
    
    
      safe_erpc_call(node, module, fun, args, timeout)



        
          
        

    

  


  

      

          @spec safe_erpc_call(node(), module(), atom(), [term()], non_neg_integer()) ::
  {:ok, term()} | {:error, term()}


      


Wraps :erpc.call/5, normalising every failure mode into
{:ok, result} or {:error, reason}.

  


        

      


  

    
ClusterHelper.RoleStore behaviour
    



      
Port (behaviour) for role data storage.
Implementations provide persistent storage for role↔node mappings
and node membership tracking per scope.
The default implementation is ClusterHelper.ETSStore.

      


      
        Summary


  
    Types
  


    
      
        node_name()

      


    


    
      
        role()

      


    


    
      
        scope()

      


    





  
    Callbacks
  


    
      
        all_nodes(scope)

      


        Returns all nodes that have at least one role in the scope.



    


    
      
        delete_node(node_name, scope)

      


        Removes all role entries for a node in a scope.



    


    
      
        delete_role(node_name, scope, role)

      


        Removes a single role from a node in a scope.



    


    
      
        delete_roles(node_name, scope, list)

      


        Removes multiple roles from a node in one scope.



    


    
      
        get_my_roles(scope)

      


        Returns all roles for the local node in the given scope.



    


    
      
        get_nodes(role, scope)

      


        Returns all nodes that have the given role in the scope.



    


    
      
        get_roles(node_name, scope)

      


        Returns all roles for the given node in the scope.



    


    
      
        init()

      


        Initialises the store (creates tables, etc.).



    


    
      
        insert_roles(node_name, scope, list)

      


        Inserts roles for a node in a scope.



    





      


      
        Types


        


  
    
      
    
    
      node_name()



        
          
        

    

  


  

      

          @type node_name() :: node()


      



  



  
    
      
    
    
      role()



        
          
        

    

  


  

      

          @type role() :: term()


      



  



  
    
      
    
    
      scope()



        
          
        

    

  


  

      

          @type scope() :: atom()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      all_nodes(scope)



        
          
        

    

  


  

      

          @callback all_nodes(scope()) :: [node_name()]


      


Returns all nodes that have at least one role in the scope.

  



  
    
      
    
    
      delete_node(node_name, scope)



        
          
        

    

  


  

      

          @callback delete_node(node_name(), scope()) :: :ok


      


Removes all role entries for a node in a scope.

  



  
    
      
    
    
      delete_role(node_name, scope, role)



        
          
        

    

  


  

      

          @callback delete_role(node_name(), scope(), role()) :: :ok


      


Removes a single role from a node in a scope.

  



  
    
      
    
    
      delete_roles(node_name, scope, list)


        (optional)


        
          
        

    

  


  

      

          @callback delete_roles(node_name(), scope(), [role()]) :: :ok


      


Removes multiple roles from a node in one scope.
Optional — implementations may batch the removal for efficiency.
When not exported, ClusterHelper.NodeConfig falls back to calling
delete_role/3 once per role.

  



  
    
      
    
    
      get_my_roles(scope)



        
          
        

    

  


  

      

          @callback get_my_roles(scope()) :: [role()]


      


Returns all roles for the local node in the given scope.

  



  
    
      
    
    
      get_nodes(role, scope)



        
          
        

    

  


  

      

          @callback get_nodes(role(), scope()) :: [node_name()]


      


Returns all nodes that have the given role in the scope.

  



  
    
      
    
    
      get_roles(node_name, scope)



        
          
        

    

  


  

      

          @callback get_roles(node_name(), scope()) :: [role()]


      


Returns all roles for the given node in the scope.

  



  
    
      
    
    
      init()



        
          
        

    

  


  

      

          @callback init() :: :ok


      


Initialises the store (creates tables, etc.).

  



  
    
      
    
    
      insert_roles(node_name, scope, list)



        
          
        

    

  


  

      

          @callback insert_roles(node_name(), scope(), [role()]) :: :ok


      


Inserts roles for a node in a scope.

  


        

      


  

    
ClusterHelper.Telemetry 
    



      
Telemetry events emitted by ClusterHelper.
Events
	Event	Measurements	Metadata
	[:cluster_helper, :startup]	%{duration: nat}	%{scopes: [atom], roles: [term]}
	[:cluster_helper, :role, :add]	%{count: pos_int}	%{scope: atom, roles: [term], node: node}
	[:cluster_helper, :role, :remove]	%{count: pos_int}	%{scope: atom, roles: [term], node: node}
	[:cluster_helper, :sync, :pull]	%{count: pos_int}	%{scope: atom, nodes: [node]}
	[:cluster_helper, :node, :up]	%{}	%{node: node, scopes: [atom]}
	[:cluster_helper, :node, :down]	%{}	%{node: node}
	[:cluster_helper, :gen, :check]	%{duration: nat}	%{node: node, scope: atom, changed: boolean}

To attach your own handler:
:telemetry.attach_many(
  "cluster-helper-handler",
  ClusterHelper.Telemetry.event_names(),
  &MyApp.handle_cluster_telemetry/4,
  :no_config
)
See :telemetry docs for details.

      


      
        Summary


  
    Functions
  


    
      
        event_names()

      


        Returns all event names as a list of [prefix, ...] lists.



    





      


      
        Functions


        


  
    
      
    
    
      event_names()



        
          
        

    

  


  

      

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


      


Returns all event names as a list of [prefix, ...] lists.
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