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ETS-based partitioned buffer for high-throughput data processing.
PartitionedBuffer provides the shared infrastructure (routing, partition
lookup, lifecycle management) used by concrete buffer implementations:
	PartitionedBuffer.Queue - Ordered queue buffer (insertion-time ordered).
	PartitionedBuffer.Map - Key-value map buffer (last-write-wins semantics).

Architecture
                  [buffer_supervisor]
                          |
              +-----------+------------------+
              |           |                  |
          [Registry] [TaskSupervisor] [PartitionSupervisor]
                                             |
                              +--------------+-------------------+
                              |              |                   |
                    [partition.0]    [partition.1]   ...   [partition.N-1]
                          |                |                     |
                    [ETS table pair] [ETS table pair]      [ETS table pair]
Start options
	:name (atom/0) - Required. The buffer name (used to identify the buffer).

	:processor - Required. A callback that processes batches of messages. Called with a list
of accumulated messages and should handle the processing logic (e.g., send
to external service, persist to database, etc.).
Can be either:
	A function of arity 1: fn batch -> ... end or &MyModule.process/1.
	An MFA tuple {Module, Function, Args}: The batch is prepended to
the arguments, e.g., {MyModule, :process, [extra_arg]} will call
MyModule.process(batch, extra_arg).


	:partitions (non_neg_integer/0) - Number of partitions to create. Each partition has its own buffer and
processing cycle. Defaults to System.schedulers_online() to match the
number of available schedulers. More partitions reduce lock contention
but increase per-partition overhead.

	:processing_interval_ms (pos_integer/0) - How often (in milliseconds) each partition checks its buffer and initiates
processing. Messages are processed at this interval if any are buffered.
Lower values mean faster processing but more frequent task spawning. The default value is 5000.

	:processing_timeout_ms (timeout/0) - Maximum time (in milliseconds) for a processing task to complete before
being forcefully terminated. Used during graceful shutdown to wait for
in-flight processing to complete. See Task.Supervisor.async_nolink/3
for more information. The default value is 60000.

	:processing_batch_size - Controls how buffered data is passed to the processor callback.
Can be either:
	A positive integer (default 10): Messages are read from the ETS
table in batches of up to this size using ets:select with
continuations. The processor is called once per batch. This
optimizes memory usage for large tables.

	:table: The ETS table name (an atom) is passed directly to the
processor instead of reading and batching the data. The processor
has full control over how it reads and processes the table.
After the processor returns, the buffer deletes the table and
reclaims the name. If you want to keep the table for later
processing, call :ets.rename(table, new_name) before returning
to free the original name for the buffer to reuse. You can then
optionally call :ets.give_away/3 to transfer the renamed table
to another process.


The default value is 10.


Runtime options
The following runtime options are shared by PartitionedBuffer.Queue and
PartitionedBuffer.Map:
	:partition_key (term/0) - Determines what value is used as the routing key for partitioning
messages.
Can be one of four values:
	nil (default): The message itself is used as the routing key.
Messages with the same content are routed to the same partition.

	A function of arity 1: Applied to each message to return the routing
key. Allows grouping related messages together (e.g., by user ID or
account ID) to keep them in the same partition.

	An MFA tuple {Module, Function, Args}: The function is applied with
the message prepended to the arguments. Useful for delegating routing
logic to a module function while keeping configuration declarative.

	Any static term: Used as the routing key for all messages, giving
explicit control over which partition receives them (e.g., :logs,
:events, or an identifier).


Fundamentally, this option determines how messages are distributed across
partitions. Use it to keep related messages together (for ordering or
state locality) or spread unrelated messages across partitions
(for parallelism).
The default value is nil.


Telemetry
PartitionedBuffer emits the following telemetry events.
	[:partitioned_buffer, :partition, :start] - Dispatched when a partition
is started.
	Measurement: %{system_time: integer}
	Metadata: %{buffer: atom, partition: atom}


	[:partitioned_buffer, :partition, :stop] - Dispatched when a partition
terminates (gracefully or abnormally).
	Measurement: %{duration: native_time}
	Metadata: %{buffer: atom, partition: atom, reason: term}


	[:partitioned_buffer, :partition, :processing, :start] - Dispatched
when a partition begins processing a batch of messages.
	Measurement: %{system_time: integer}
	Metadata: %{buffer: atom, partition: atom}


	[:partitioned_buffer, :partition, :processing, :stop] - Dispatched
when a partition completes processing a batch of messages.
	Measurement: %{duration: native_time, size: non_neg_integer}
	Metadata: %{buffer: atom, partition: atom}


	[:partitioned_buffer, :partition, :processing, :exception] - Dispatched
when an exception occurs during processing.
	Measurement: %{duration: native_time}
	Metadata:

%{
  buffer: atom,
  partition: atom,
  kind: atom,
  reason: term,
  stacktrace: list
}

	[:partitioned_buffer, :partition, :processing_failed] - Dispatched
when a processing task encounters an error and fails.
	Measurement: %{system_time: integer}
	Metadata: %{buffer: atom, partition: atom, reason: any}
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Returns the ETS table type used by this buffer implementation.
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          @spec buffer_size(buffer()) :: non_neg_integer()


      


Returns the buffer size (total number of messages across all partitions).
Examples
iex> PartitionedBuffer.buffer_size(:my_buffer)
10
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          @spec get_partition(buffer(), any(), any()) :: atom()


      


Returns the partition based on the given arguments.
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          @spec start_link(keyword()) :: Supervisor.on_start()


      


Starts a new buffer.
Prefer implementation-specific functions
It is recommended to use PartitionedBuffer.Queue.start_link/1 or
PartitionedBuffer.Map.start_link/1 instead, as they automatically
set the :module option for you.
Examples
iex> PartitionedBuffer.start_link(
...>   module: PartitionedBuffer.Queue,
...>   name: :my_buffer
...> )
{:ok, #PID<0.123.0>}
Notice that the :module option must be set to PartitionedBuffer.Queue or
PartitionedBuffer.Map.
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          @spec stop(buffer() | pid(), reason :: any(), timeout()) :: :ok


      


Stops a buffer gracefully.
Examples
iex> PartitionedBuffer.stop(:my_buffer)
:ok
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          @spec update_options(
  buffer(),
  keyword()
) :: :ok


      


Updates the options for the buffer.
Options
	:processing_interval_ms (pos_integer/0) - How often (in milliseconds) each partition checks its buffer and initiates
processing. Messages are processed at this interval if any are buffered.
Lower values mean faster processing but more frequent task spawning. The default value is 5000.

	:processing_timeout_ms (timeout/0) - Maximum time (in milliseconds) for a processing task to complete before
being forcefully terminated. Used during graceful shutdown to wait for
in-flight processing to complete. See Task.Supervisor.async_nolink/3
for more information. The default value is 60000.

	:processing_batch_size - Controls how buffered data is passed to the processor callback.
Can be either:
	A positive integer (default 10): Messages are read from the ETS
table in batches of up to this size using ets:select with
continuations. The processor is called once per batch. This
optimizes memory usage for large tables.

	:table: The ETS table name (an atom) is passed directly to the
processor instead of reading and batching the data. The processor
has full control over how it reads and processes the table.
After the processor returns, the buffer deletes the table and
reclaims the name. If you want to keep the table for later
processing, call :ets.rename(table, new_name) before returning
to free the original name for the buffer to reuse. You can then
optionally call :ets.give_away/3 to transfer the renamed table
to another process.


The default value is 10.


Examples
iex> PartitionedBuffer.update_options(:my_buffer, processing_interval_ms: 1000)
:ok
Notice that the options are updated for all partitions of the buffer.
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Buffer partition.
The implementation is based on
OpenTelemetry Batch Processor.
The use case is very similar. The "OTel batch processor" buffers spans
(large/massive amounts of them) and then exports them to an external source
after some time (via OTLP). It is designed and implemented for efficiently
handling large workloads. The partitioned buffer takes inspiration from the
"OTel batch processor" to leverage all these properties.
Double-Buffering Processing Cycle
Phase 1 — Buffering          Phase 2 — Processing
===================          ====================

Client writes                 Timer fires :processing
     |                              |
     v                              v
+-----------+                 Swap pointer (A -> B)
| Table A   |<-- write        via persistent_term
| (current) |                       |
+-----------+                       v
| Table B   |                 +-----------+
| (idle)    |                 | Table B   |<-- write (new current)
+-----------+                 +-----------+
                              | Table A   |-- give_away --> Task
                              +-----------+       |
                                                  v
                                            :ets.select (batches)
                                                  |
                                            processor(batch)
                                                  |
                                            :ets.delete(Table A)
                                                  |
                                            :processing_completed

Phase 3 — Reset
========================
Recreate Table A (empty)
Ready for next swap
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          @spec buffer_size(atom()) :: non_neg_integer()


      


Returns the partition's buffer size.
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Returns a specification to start this module under a supervisor.
See Supervisor.
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          @spec delete(atom(), any()) :: :ok


      


Deletes an entry by key from the given partition.
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          @spec get(atom(), any(), any()) :: any()


      


Gets the value for the given key from the partition's current ETS table.
Returns default if the key is not found.
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          @spec new_entry(any(), any(), integer()) :: entry()


      


Creates a new entry.

  



  
    
      
    
    
      put(partition, entries)



        
          
        

    

  


  

      

          @spec put(atom(), [entry()]) :: :ok


      


Puts a batch of pre-built entries into the given partition.
Each entry must be created with new_entry/3.
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          @spec put_newer(atom(), [entry()]) :: :ok


      


Puts a batch of versioned entries into the given partition.
Uses "newer version wins" semantics: an entry is only written if:
	The key doesn't exist (insert), or
	The new version is greater than the existing version (conditional update)

Each entry must be created with new_entry/3.
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Starts a buffer partition.
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  GenServer.server(),
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Updates the options for the partition.
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ETS-based partitioned map buffer for high-throughput key-value data processing.
PartitionedBuffer.Map buffers key-value entries using :set ETS tables,
giving last-write-wins semantics for duplicate keys. It periodically processes
buffered entries using a configurable processor function. Like Queue, it
implements partitioning to reduce lock contention during high-throughput
writes, and uses double-buffering to ensure zero-downtime processing.
It also supports versioned conditional updates via put_newer/5 and
put_all_newer/3, which use "newer version wins" semantics — an entry is
only written if the key doesn't exist or the new version is greater than
the existing one.
Data Flow
put(buffer, key, value)          put_newer(buffer, key, value, version)
       |                                    |
       v                                    v
+--------------------+            +--------------------+
| Partition Routing  |            | Partition Routing  |
| phash2(key, N)     |            | phash2(key, N)     |
+--------------------+            +--------------------+
       |                                    |
       v                                    v
+------------------+              +---------------------------+
| :ets.insert      |              | 1. :ets.insert_new        |
| (last-write-wins)|              |    Key new? -> inserted   |
+------------------+              | 2. :ets.select_replace    |
                  \              |    new_ver > old_ver?     |
                   \             |    Yes -> updated         |
                    \            |    No  -> skipped         |
                     \           +---------------------------+
                      \            /
                       v           v
            +--------------------------------+
            | ETS :set                       |
            | {key, value, version, updates} |
            +--------------------------------+
                          |
                          v
            +--------------------------------------+
            | processor(batch)                     |
            | batch = [{k, v, ver,  updates}, ...] |
            +--------------------------------------+
Entries are routed to partitions via phash2(key) and stored in
:set ETS tables. Regular put/4 uses simple ets:insert
(last-write-wins). Versioned put_newer/5 uses a two-step
atomic approach: ets:insert_new for new keys, then
ets:select_replace for conditional "newer version wins"
updates.
Examples
Standalone Usage
# Start a map buffer with a custom processor
iex> {:ok, _sup_pid} =
...>   PartitionedBuffer.Map.start_link(
...>     name: :my_map_buffer,
...>     processor: fn batch -> IO.inspect(batch) end
...>   )

# Put a single entry
iex> PartitionedBuffer.Map.put(:my_map_buffer, :key1, "value1")
:ok

# Put multiple entries at once
iex> PartitionedBuffer.Map.put_all(:my_map_buffer, %{key2: "value2", key3: "value3"})
:ok

# Delete an entry
iex> PartitionedBuffer.Map.delete(:my_map_buffer, :key1)
:ok

# Versioned put (newer version wins)
iex> PartitionedBuffer.Map.put_newer(:my_map_buffer, :key4, "v1", 100)
:ok
iex> PartitionedBuffer.Map.put_newer(:my_map_buffer, :key4, "v2", 200)
:ok
iex> PartitionedBuffer.Map.get(:my_map_buffer, :key4)
"v2"

# Check buffer size
iex> PartitionedBuffer.Map.size(:my_map_buffer)
3

# Stop the buffer gracefully (processes remaining items)
iex> PartitionedBuffer.Map.stop(:my_map_buffer)
:ok
Adding to a Supervision Tree
children = [
  {PartitionedBuffer.Map,
   name: :my_map_buffer,
   processor: &MyApp.EventProcessor.process_batch/1}
]

Supervisor.start_link(children, strategy: :one_for_one)
Processor
The processor function receives a list of {key, value, version, updates}
tuples, where version is the entry version (set via put_newer/5 and
put_all_newer/3; 0 for regular put/4 entries), and updates is the
number of times an existing key was updated (only tracked for versioned
updates; regular put/4 entries always have updates set to 0):
fn batch ->
  # batch is [{key1, value1, version1, updates1}, {key2, value2, version2, updates2}, ...]
  Enum.each(batch, fn {k, v, _version, _updates} -> process(k, v) end)
end
Options
See PartitionedBuffer for
start and
runtime options.
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        Puts multiple versioned key-value entries into the buffer.
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        Puts a single versioned key-value entry into the buffer.
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        Returns the map buffer size (total number of entries across all partitions).
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        Starts a new map buffer.
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          @spec child_spec(keyword()) :: Supervisor.child_spec()


      


Returns the map buffer child spec.
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          @spec delete(buffer(), any(), keyword()) :: :ok


      


Deletes a key from the buffer's current write table.
Note: If the entry has already been handed off for processing (via
double-buffering), this delete will not affect the in-flight batch.
Parameters
	buffer - The buffer name (atom).
	key - The key to delete.
	opts - Optional runtime options.

Options
See PartitionedBuffer for
runtime options.
Examples
# Simple delete
delete(:my_buffer, :key1)

# With custom partition routing
delete(:my_buffer, :key1, partition_key: fn {k, _v} -> k end)
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          @spec get(buffer(), any(), any(), keyword()) :: any()


      


Gets the value for the given key from the buffer's current write table.
Returns default if the key is not found.
Note: This reads from the current write table only. Entries already handed
off for processing will not be visible.
Parameters
	buffer - The buffer name (atom).
	key - The key to look up.
	default - The default value if key is not found (defaults to nil).
	opts - Optional runtime options.

Options
See PartitionedBuffer for
runtime options.
Examples
# Simple get
get(:my_buffer, :key1)

# With custom partition routing
get(:my_buffer, :key1, partition_key: fn {k, _v} -> k end)
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          @spec put(buffer(), any(), any(), keyword()) :: :ok


      


Puts a single key-value entry into the buffer.
Parameters
	buffer - The buffer name (atom).
	key - The key for the entry.
	value - The value for the entry.
	opts - Optional runtime options.

Options
See PartitionedBuffer for
runtime options.
Examples
# Simple put
put(:my_buffer, :key1, "val1")

# With custom partition routing
put(:my_buffer, :key1, "val1", partition_key: fn {k, _v} -> k end)
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          @spec put_all(buffer(), map() | [{any(), any()}], keyword()) :: :ok


      


Puts multiple key-value entries into the buffer.
Accepts either a map or a list of {key, value} tuples.
Parameters
	buffer - The buffer name (atom).
	entries - A map or list of {key, value} tuples.
	opts - Optional runtime options.

Options
See PartitionedBuffer for
runtime options.
Examples
# Using a map
put_all(:my_buffer, %{key1: "val1", key2: "val2"})

# Using a list of tuples
put_all(:my_buffer, [{:key1, "val1"}, {:key2, "val2"}])

# With custom partition routing
put_all(:my_buffer, %{key1: "val1"}, partition_key: fn {k, _v} -> k end)
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          @spec put_all_newer(buffer(), [{any(), any(), integer()}], keyword()) :: :ok


      


Puts multiple versioned key-value entries into the buffer.
Uses "newer version wins" semantics for each entry.
Parameters
	buffer - The buffer name (atom).
	entries - A list of {key, value, version} tuples.
	opts - Optional runtime options.

Options
See PartitionedBuffer for
runtime options.
Examples
entries = [
  {:user_1, %{name: "Alice"}, 100},
  {:user_2, %{name: "Bob"}, 200}
]
put_all_newer(:my_buffer, entries)

  



    

  
    
      
    
    
      put_newer(buffer, key, value, version, opts \\ [])



        
          
        

    

  


  

      

          @spec put_newer(buffer(), any(), any(), integer(), keyword()) :: :ok


      


Puts a single versioned key-value entry into the buffer.
Uses "newer version wins" semantics: the entry is only written if:
	The key doesn't exist, or
	The new version is greater than the existing version

This is useful for scenarios where you want to ensure only the latest
version of data is stored, such as event sourcing or state synchronization.
Parameters
	buffer - The buffer name (atom).
	key - The key for the entry.
	value - The value for the entry.
	version - The version (must be comparable with >).
	opts - Optional runtime options.

Options
See PartitionedBuffer for
runtime options.
Examples
# Using timestamps as versions
put_newer(:my_buffer, :user_123, %{name: "Alice"}, System.monotonic_time())

# Using sequence numbers
put_newer(:my_buffer, :counter, 42, 5)
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          @spec size(buffer()) :: non_neg_integer()


      


Returns the map buffer size (total number of entries across all partitions).
Examples
size(:my_buffer)
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          @spec start_link(keyword()) :: Supervisor.on_start()


      


Starts a new map buffer.
Options
See PartitionedBuffer for
start options.
Examples
PartitionedBuffer.Map.start_link(name: :my_map_buffer)

  



    

    

  
    
      
    
    
      stop(buffer, reason \\ :normal, timeout \\ :infinity)



        
          
        

    

  


  

      

          @spec stop(buffer() | pid(), reason :: any(), timeout()) :: :ok


      


Stops a map buffer gracefully.
Examples
PartitionedBuffer.Map.stop(:my_map_buffer)
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          @spec update_options(
  buffer(),
  keyword()
) :: :ok


      


Updates the options for the map buffer.
Options
See PartitionedBuffer.update_options/2 for the updatable options.
Examples
# Update the processing interval to 100ms
update_options(:my_buffer, processing_interval_ms: 100)
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ETS-based partitioned queue buffer for high-throughput data processing.
PartitionedBuffer.Queue buffers arbitrary data in insertion order and
periodically processes it using a configurable processor function.
It implements partitioning to reduce lock contention during high-throughput
writes, and uses double-buffering to ensure zero-downtime processing.
Data Flow
push(buffer, items)
       |
       v
+-------------------+
| Partition Routing |
| phash2(item, N)   |
+-------------------+
   |         |         |
   v         v         v
+-------+ +-------+ +-------+     ETS :ordered_set
| P 0   | | P 1   | | P N-1 |     Key: {monotonic_time, ref}
+-------+ +-------+ +-------+     Val: item
   |         |         |
   v         v         v
+--------------------------------------+
| processor(batch)                     |
| batch = [val1, val2, ...]            |
+--------------------------------------+
Items are routed to partitions via phash2, stored in
:ordered_set ETS tables keyed by {monotonic_time, ref}
(ensuring insertion-time ordering with uniqueness), and
periodically flushed to the processor in batches.
Examples
Standalone Usage
# Start a queue buffer with a custom processor
iex> {:ok, _sup_pid} =
...>   PartitionedBuffer.Queue.start_link(
...>     name: :my_buffer,
...>     processor: fn batch -> IO.inspect(batch) end
...>   )

# Push a single item into the buffer
iex> PartitionedBuffer.Queue.push(:my_buffer, "item1")
:ok

# Push a batch of items
iex> PartitionedBuffer.Queue.push(:my_buffer, ["item2", "item3"])
:ok

# Check buffer size
iex> PartitionedBuffer.Queue.size(:my_buffer)
3

# Stop the buffer gracefully (processes remaining items)
iex> PartitionedBuffer.Queue.stop(:my_buffer)
:ok
Adding to a Supervision Tree
children = [
  {PartitionedBuffer.Queue,
   name: :my_buffer,
   processor: &MyApp.EventProcessor.process_batch/1}
]

Supervisor.start_link(children, strategy: :one_for_one)
Processor
The processor function receives a list of values
(the items pushed to the buffer):
fn batch ->
  # batch is [value1, value2, ...]
  Enum.each(batch, fn value -> process(value) end)
end
Options
See PartitionedBuffer for
start and
runtime options.

      


      
        Summary


  
    Types
  


    
      
        buffer()

      


        Proxy type for a buffer



    


    
      
        item()

      


        Any term that will be buffered and processed



    





  
    Functions
  


    
      
        child_spec(opts)

      


        Returns the queue buffer child spec.



    


    
      
        push(buffer, item_or_batch, opts \\ [])

      


        Pushes an item or a batch of items into the buffer.



    


    
      
        size(buffer)

      


        Returns the queue size (total number of items across all partitions).



    


    
      
        start_link(opts \\ [])

      


        Starts a new queue buffer.



    


    
      
        stop(buffer, reason \\ :normal, timeout \\ :infinity)

      


        Stops a queue buffer gracefully.



    


    
      
        update_options(buffer, opts)

      


        Updates the options for the queue buffer.



    





      


      
        Types


        


  
    
      
    
    
      buffer()



        
          
        

    

  


  

      

          @type buffer() :: PartitionedBuffer.buffer()


      


Proxy type for a buffer

  



  
    
      
    
    
      item()



        
          
        

    

  


  

      

          @type item() :: any()


      


Any term that will be buffered and processed

  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(opts)



        
          
        

    

  


  

      

          @spec child_spec(keyword()) :: Supervisor.child_spec()


      


Returns the queue buffer child spec.

  



    

  
    
      
    
    
      push(buffer, item_or_batch, opts \\ [])



        
          
        

    

  


  

      

          @spec push(buffer(), item() | [item()], keyword()) :: :ok


      


Pushes an item or a batch of items into the buffer.
Parameters
	buffer - The buffer name (atom).
	item_or_batch - A single item or a list of items to push.
	opts - Optional runtime options.

Options
See PartitionedBuffer for
runtime options.
Examples
# Simple push with default routing
push(:my_buffer, "item1")
push(:my_buffer, ["item2", "item3"])

# Custom partition routing using function
push(:my_buffer, user_event, partition_key: &(&1.user_id))

# Custom partition routing using MFA tuple (item prepended to args)
push(:my_buffer, event, partition_key: {MyApp.Router, :get_partition, []})

# Custom partition routing with fixed key (all items to same partition)
push(:my_buffer, log_entry, partition_key: :logs)
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          @spec size(buffer()) :: non_neg_integer()


      


Returns the queue size (total number of items across all partitions).
Examples
size(:my_buffer)
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          @spec start_link(keyword()) :: Supervisor.on_start()


      


Starts a new queue buffer.
Options
See PartitionedBuffer for
start options.
Examples
PartitionedBuffer.Queue.start_link(name: :my_queue_buffer)
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          @spec stop(buffer() | pid(), reason :: any(), timeout()) :: :ok


      


Stops a queue buffer gracefully.
Examples
PartitionedBuffer.Queue.stop(:my_queue_buffer)
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          @spec update_options(
  buffer(),
  keyword()
) :: :ok


      


Updates the options for the queue buffer.
Options
See PartitionedBuffer.update_options/2 for the updatable options.
Examples
# Update the processing interval to 100ms
update_options(:my_buffer, processing_interval_ms: 100)
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