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PaxosKV 
    



      
PaxosKV is the main API module. Most of the time you should interact with
the application via functions in this module.
The most important function you need to know is PaxosKV.put.

      


      
        Summary


  
    Functions
  


    
      
        get(key, opts \\ [])

      


        Returns the value for the given key in the cluster.



    


    
      
        keys(bucket \\ PaxosKV)

      


        Returns a list of all keys stored in the cluster.



    


    
      
        node(key, opts \\ [])

      


        Returns the node name the key-value pair is bound to. This is the node set by
the node: n option in put/3.



    


    
      
        now()

      


        Returns the current time that can be used in the until: ... option.
The time is measured in milliseconds and is actually the system time.



    


    
      
        pid(key, opts \\ [])

      


        Returns the pid the key-value pair is bound to. This is the pid set by the
pid: p option in put/3.



    


    
      
        put(key, value, opts \\ [])

      


        Stores the given value under the key in the collective memory (a KV store) of
the cluster.



    





      


      
        Functions


        


    

  
    
      
    
    
      get(key, opts \\ [])



    

  


  

Returns the value for the given key in the cluster.
The function returns:
	{:ok, value} when the key is registered
	{:ok, default} when the key is not found and the default: d option is provided
	{:error, :not_found} when the key is not registered and no default is provided
	{:error, :no_quorum} when the cluster doesn't have enough nodes to reach consensus

The option default: d defines the value d that should be returned (as {:ok, d})
when the key is not yet set or has been deleted.
Examples
iex> PaxosKV.put(:user_name, "Alice")
iex> PaxosKV.get(:user_name)
{:ok, "Alice"}

iex> PaxosKV.get(:non_existent_key)
{:error, :not_found}

iex> PaxosKV.get(:non_existent_key, default: "default_value")
{:ok, "default_value"}

  



    

  
    
      
    
    
      keys(bucket \\ PaxosKV)



    

  


  

Returns a list of all keys stored in the cluster.
This function queries all nodes in the cluster and returns a deduplicated
list of all keys that have been stored. You can optionally specify a bucket
to query keys from a specific namespace.
The function returns:
	A list of keys (any Erlang terms) when successful
	[] (empty list) when there are no keys or when the cluster is not available

Examples
iex> PaxosKV.put(:user_name, "Alice")
iex> PaxosKV.put(:counter, 42)
iex> PaxosKV.keys()
[:user_name, :counter]

# Query a specific bucket
iex> PaxosKV.keys(MyBucket)
[:key1, :key2]

  



    

  
    
      
    
    
      node(key, opts \\ [])



    

  


  

Returns the node name the key-value pair is bound to. This is the node set by
the node: n option in put/3.
The function returns:
	{:ok, node} when a node is associated with the key
	{:ok, default} when the key is not found and the default: d option is provided
	{:error, :not_found} when the key is not registered and no default is provided
	{:error, :no_quorum} when the cluster doesn't have enough nodes to reach consensus

Examples
iex> PaxosKV.put(:config, %{setting: "value"}, node: :node1@localhost)
iex> PaxosKV.node(:config)
{:ok, :node1@localhost}

  



  
    
      
    
    
      now()



    

  


  

Returns the current time that can be used in the until: ... option.
The time is measured in milliseconds and is actually the system time.

  



    

  
    
      
    
    
      pid(key, opts \\ [])



    

  


  

Returns the pid the key-value pair is bound to. This is the pid set by the
pid: p option in put/3.
The function returns:
	{:ok, pid} when a pid is associated with the key
	{:ok, default} when the key is not found and the default: d option is provided
	{:error, :not_found} when the key is not registered and no default is provided
	{:error, :no_quorum} when the cluster doesn't have enough nodes to reach consensus

Examples
iex> pid = spawn(fn -> Process.sleep(1000) end)
iex> PaxosKV.put(:session, "xyz", pid: pid)
iex> PaxosKV.pid(:session)
{:ok, pid}

  



    

  
    
      
    
    
      put(key, value, opts \\ [])



    

  


  

Stores the given value under the key in the collective memory (a KV store) of
the cluster.
PaxosKV.put(key, value)
PaxosKV.put(key, value, pid: self())
The function returns:
	{:ok, value} when consensus is reached for the key
	{:error, :invalid_value} when the value is invalid
	{:error, :no_quorum} when the cluster doesn't have enough nodes (default behavior)

Note: The returned value may not be the same as the value argument if another
process has already set a different value for the key. Once a key has a consensus
value, it cannot be changed.
Examples
iex> PaxosKV.put(:user_name, "Alice")
{:ok, "Alice"}

iex> PaxosKV.put(:counter, 42)
{:ok, 42}

# Setting a value with expiration time
iex> PaxosKV.put(:session, "xyz", until: PaxosKV.now() + 60_000)
{:ok, "xyz"}
Options
	bucket: b -- use bucket b to store the key-value pair
	pid: p -- keep the key-value pair as long as pid p is alive
	node: n -- keep the key-value pair as long as node n is connected
	key: k -- keep the key-value pair as long as key k is present
	until: u -- keep the key-value pair until system time u (milliseconds)
	no_quorum: :retry | :fail | :return -- controls behavior when there's no quorum:
	:return (default) -- returns {:error, :no_quorum}
	:retry -- retries until quorum is reached (blocks indefinitely)
	:fail -- throws an exception



To reach consensus, more than cluster_size / 2 nodes must be part of the cluster.

  


        

      


  

    
PaxosKV.Acceptor 
    



      
Implements the Acceptor role in the Paxos consensus algorithm.
The Acceptor responds to prepare and accept requests from Proposers. It
maintains the state of accepted proposals and enforces the protocol rules
that ensure safety (agreement on a single value per key).

      


      
        Summary


  
    Functions
  


    
      
        accept(nodes, bucket, id, key, value)

      


        Sends an accept request to Acceptors on the specified nodes.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        info(key, bucket)

      


        Collects a list of accepted {id, value} pairs from the acceptors.



    


    
      
        keys(nodes, bucket)

      


        Returns a list of all keys stored across Acceptors on the specified nodes.



    


    
      
        prepare(nodes, bucket, id, key)

      


        Sends a prepare request to Acceptors on the specified nodes.



    


    
      
        start_link(opts)

      


    





      


      
        Functions


        


  
    
      
    
    
      accept(nodes, bucket, id, key, value)



    

  


  

Sends an accept request to Acceptors on the specified nodes.
This is the second phase of the Paxos protocol. The Acceptor will accept
the proposed value if it hasn't promised to reject it.
Returns a list of responses from the Acceptors.

  



  
    
      
    
    
      child_spec(init_arg)



    

  


  

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

  



  
    
      
    
    
      info(key, bucket)



    

  


  

Collects a list of accepted {id, value} pairs from the acceptors.

  



  
    
      
    
    
      keys(nodes, bucket)



    

  


  

Returns a list of all keys stored across Acceptors on the specified nodes.
The results are flattened and deduplicated.
Examples
iex> PaxosKV.Acceptor.keys([:node1@localhost, :node2@localhost], PaxosKV)
[:key1, :key2, :key3]

  



  
    
      
    
    
      prepare(nodes, bucket, id, key)



    

  


  

Sends a prepare request to Acceptors on the specified nodes.
This is the first phase of the Paxos protocol. The Acceptor will promise
not to accept proposals with IDs lower than the given id.
Returns a list of responses from the Acceptors.

  



  
    
      
    
    
      start_link(opts)



    

  


  


  


        

      


  

    
PaxosKV.Application 
    



      
OTP application module for PaxosKV.
This module starts the application supervision tree, which includes the main
bucket (containing Learner, Acceptor, and Proposer processes) and the cluster
management GenServer.

      




  

    
PaxosKV.Bucket 
    



      
Supervisor for a bucket's Paxos processes.
A bucket contains the three core Paxos components: Learner, Acceptor, and
Proposer. This supervisor manages these processes and ensures they are
properly supervised and restarted if needed.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        start_link(opts)

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



    

  


  

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

  



  
    
      
    
    
      start_link(opts)



    

  


  


  


        

      


  

    
PaxosKV.Cluster 
    



      
Manages the cluster state and node membership.
This module tracks which nodes are part of the distributed cluster, monitors
node connections, and maintains the configured cluster size. It provides
functions to query the current cluster state and check if a quorum is present.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        cluster_size()

      


        Returns the configured cluster size.



    


    
      
        nodes()

      


        Returns the list of currently connected nodes in the cluster.



    


    
      
        nodes_and_cluster_size()

      


        Returns both the connected nodes list and the cluster size as a tuple.



    


    
      
        ping()

      


    


    
      
        quorum?()

      


        Checks if the cluster currently has a quorum.



    


    
      
        resize_cluster(new_size)

      


        Dynamically resizes the cluster to a new size.



    


    
      
        start_link(opts)

      


    


    
      
        subscribe(pid \\ self())

      


        Subscribes the caller process or the spcified pid for :quorum_reached and
:quorum_lost cluster events. The events are delivered as standard erlang
messages.



    


    
      
        sync_with_node(node)

      


    


    
      
        unsubscribe(pid \\ self())

      


        The opposite of subscribe/0,1. It removes the given pid from
the list of subscribed processes.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



    

  


  

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

  



  
    
      
    
    
      cluster_size()



    

  


  

Returns the configured cluster size.
This is the total number of nodes expected to participate in the cluster,
not necessarily the number of currently connected nodes.
Examples
iex> PaxosKV.Cluster.cluster_size()
3

  



  
    
      
    
    
      nodes()



    

  


  

Returns the list of currently connected nodes in the cluster.
Examples
iex> PaxosKV.Cluster.nodes()
[:node1@localhost, :node2@localhost]

  



  
    
      
    
    
      nodes_and_cluster_size()



    

  


  

Returns both the connected nodes list and the cluster size as a tuple.
Examples
iex> PaxosKV.Cluster.nodes_and_cluster_size()
{[:node1@localhost, :node2@localhost], 3}

  



  
    
      
    
    
      ping()



    

  


  


  



  
    
      
    
    
      quorum?()



    

  


  

Checks if the cluster currently has a quorum.
A quorum exists when more than half of the configured cluster size nodes
are connected.
Examples
iex> PaxosKV.Cluster.quorum?()
true

  



  
    
      
    
    
      resize_cluster(new_size)



    

  


  

Dynamically resizes the cluster to a new size.
Attempts to update the cluster size on all nodes. Returns :ok if all
nodes successfully updated to the new size, :not_in_sync if nodes
disagreed, or {:error, reason} if the operation failed.
Examples
iex> PaxosKV.Cluster.resize_cluster(5)
:ok

  



  
    
      
    
    
      start_link(opts)



    

  


  


  



    

  
    
      
    
    
      subscribe(pid \\ self())



    

  


  

Subscribes the caller process or the spcified pid for :quorum_reached and
:quorum_lost cluster events. The events are delivered as standard erlang
messages.

  



  
    
      
    
    
      sync_with_node(node)



    

  


  


  



    

  
    
      
    
    
      unsubscribe(pid \\ self())



    

  


  

The opposite of subscribe/0,1. It removes the given pid from
the list of subscribed processes.

  


        

      


  

    
PaxosKV.Helpers 
    



      
Internal utility functions for PaxosKV.
This module provides helper functions for quorum validation, process and node
monitoring, synchronization, and value validation. These functions are used
internally by other PaxosKV modules.

      


      
        Summary


  
    Functions
  


    
      
        flush_messages(list)

      


        Removes all the given messages from the process mailbox.



    


    
      
        monitor_key(xkey, key, key_monitors)

      


        Tracks a dependency relationship between two keys.



    


    
      
        monitor_node(node, key, node_monitors)

      


        Tracks that a key is associated with a specific node.



    


    
      
        monitor_pid(pid, key, pid_monitors)

      


        Monitors a process and associates it with a key.



    


    
      
        name(opts, bucket_suffix)

      


        Returns {bucket_name, full_module_name} for the given bucket suffix.



    


    
      
        node_alive?(node)

      


        Checks if a node is alive and connected.



    


    
      
        process_alive?(pid)

      


        Checks if a process is alive, even on remote nodes.



    


    
      
        quorum?(list, n)

      


        Checks if the list contains enough elements (node names, replies from
nodes, etc.) to consider it a quorum.



    


    
      
        random_backoff()

      


        Sleeps for a random duration between 0 and 750 milliseconds.



    


    
      
        still_valid?(arg)

      


        Checks if a value-metadata tuple is still valid (pid alive, node connected, time not expired).



    


    
      
        wait_for(predicate, sleep_period_ms \\ 300, counter \\ 0)

      


        This is a synchronization function. It blocks the caller until the predicate
function returns a truthy value (anything but nil or false).



    


    
      
        wait_for_bucket(bucket)

      


        Blocks until the bucket's learner, acceptor, and proposer processes are ready.



    





      


      
        Functions


        


  
    
      
    
    
      flush_messages(list)



    

  


  

Removes all the given messages from the process mailbox.

  



  
    
      
    
    
      monitor_key(xkey, key, key_monitors)



    

  


  

Tracks a dependency relationship between two keys.
If key depends on xkey, this function updates the key_monitors map
to record this relationship. Returns the updated key_monitors map.

  



  
    
      
    
    
      monitor_node(node, key, node_monitors)



    

  


  

Tracks that a key is associated with a specific node.
Updates the node_monitors map to track which keys depend on which nodes.
Returns the updated node_monitors map.

  



  
    
      
    
    
      monitor_pid(pid, key, pid_monitors)



    

  


  

Monitors a process and associates it with a key.
If the pid is not nil, it demonitors any existing monitors for the same key,
creates a new monitor for the pid, and updates the pid_monitors map.
Returns the updated pid_monitors map.

  



  
    
      
    
    
      name(opts, bucket_suffix)



    

  


  

Returns {bucket_name, full_module_name} for the given bucket suffix.

  



  
    
      
    
    
      node_alive?(node)



    

  


  

Checks if a node is alive and connected.
Returns true if the node responds to ping, false otherwise.
Examples
iex> PaxosKV.Helpers.node_alive?(Node.self())
true

  



  
    
      
    
    
      process_alive?(pid)



    

  


  

Checks if a process is alive, even on remote nodes.
For local processes, uses Process.alive?/1. For remote processes,
performs an RPC call to check the process status on the remote node.
Examples
iex> PaxosKV.Helpers.process_alive?(self())
true

  



  
    
      
    
    
      quorum?(list, n)



    

  


  

Checks if the list contains enough elements (node names, replies from
nodes, etc.) to consider it a quorum.
Examples
iex> PaxosKV.Helpers.quorum?([:node1, :node2], 3)
true

iex> PaxosKV.Helpers.quorum?([:node1], 3)
false

  



  
    
      
    
    
      random_backoff()



    

  


  

Sleeps for a random duration between 0 and 750 milliseconds.
Used for implementing randomized backoff when retrying operations
to avoid thundering herd problems.

  



  
    
      
    
    
      still_valid?(arg)



    

  


  

Checks if a value-metadata tuple is still valid (pid alive, node connected, time not expired).

  



    

    

  
    
      
    
    
      wait_for(predicate, sleep_period_ms \\ 300, counter \\ 0)



    

  


  

This is a synchronization function. It blocks the caller until the predicate
function returns a truthy value (anything but nil or false).

  



  
    
      
    
    
      wait_for_bucket(bucket)



    

  


  

Blocks until the bucket's learner, acceptor, and proposer processes are ready.

  


        

      


  

    
PaxosKV.Helpers.Msg 
    



      
Macros for pattern matching common Erlang messages.
This module provides convenient macros for matching against node monitoring
messages, task replies, and process monitor DOWN messages.

      


      
        Summary


  
    Functions
  


    
      
        monitor_down(list)

      


    


    
      
        nodedown(node)

      


    


    
      
        nodeup(node)

      


    


    
      
        task_reply(list)

      


    





      


      
        Functions


        


  
    
      
    
    
      monitor_down(list)


        (macro)


    

  


  


  



  
    
      
    
    
      nodedown(node)


        (macro)


    

  


  


  



  
    
      
    
    
      nodeup(node)


        (macro)


    

  


  


  



  
    
      
    
    
      task_reply(list)


        (macro)


    

  


  


  


        

      


  

    
PaxosKV.Learner 
    



      
Implements the Learner role in the Paxos consensus algorithm.
The Learner discovers and caches values that have been chosen by the cluster.
It queries Acceptors to determine if a quorum has accepted the same value for
a key, and attempts to complete interrupted consensus rounds when necessary.

      


      
        Summary


  
    Functions
  


    
      
        accepted(node, bucket, key, id, value)

      


        Signals all the Learner processes that an Acceptor on node in the bucket
accepted an {id, value} pair under the key key in the PaxosKV key-value
store. Acceptors trigger this event when they accept something.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        chosen(bucket, key, value)

      


        Signals all the Learners that a certain value has been chosen by the
cluster in the bucket under the key key in the PaxosKV key-value store.



    


    
      
        get(key, opts)

      


        It tries to figure out if a certain value has already been chosen for a
certain key.



    


    
      
        start_link(opts)

      


    





      


      
        Functions


        


  
    
      
    
    
      accepted(node, bucket, key, id, value)



    

  


  

Signals all the Learner processes that an Acceptor on node in the bucket
accepted an {id, value} pair under the key key in the PaxosKV key-value
store. Acceptors trigger this event when they accept something.

  



  
    
      
    
    
      child_spec(init_arg)



    

  


  

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

  



  
    
      
    
    
      chosen(bucket, key, value)



    

  


  

Signals all the Learners that a certain value has been chosen by the
cluster in the bucket under the key key in the PaxosKV key-value store.

  



  
    
      
    
    
      get(key, opts)



    

  


  

It tries to figure out if a certain value has already been chosen for a
certain key.
In order to decide it first asks the local Learner if it has the answer in
it's cache.  If not, the Learner asks the Acceptors about the accepted
values, and checks if a quorum of Acceptors has the same value. If no quorum
present, but there's a valid accepted value accepted by an acceptor, it means
a basix paxos round was interrupted in the middle, so in that case it tries
to finish the round.  If none of the above applies, it just returns
{:error, :not_found}.

  



  
    
      
    
    
      start_link(opts)



    

  


  


  


        

      


  

    
PaxosKV.Learner.State 
    



      
State struct for the Paxos Learner process.

      




  

    
PaxosKV.PauseUntil 
    



      
A special GenServer that executes a function during initialization.
This module is used to pause the supervisor's startup sequence until a given
function completes. After executing the function, the GenServer returns
:ignore, which causes it to not be added to the supervision tree.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        init(fun)

      


        Callback implementation for GenServer.init/1.



    


    
      
        start_link(fun)

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



    

  


  

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

  



  
    
      
    
    
      init(fun)



    

  


  

Callback implementation for GenServer.init/1.

  



  
    
      
    
    
      start_link(fun)



    

  


  


  


        

      


  

    
PaxosKV.Proposer 
    



      
Implements the Proposer role in the Paxos consensus algorithm.
The Proposer initiates consensus rounds by proposing values to Acceptors. It
coordinates the two-phase protocol (prepare and accept phases) to reach
consensus on a value for a given key. When contention is detected, it falls
back to a primary proposer to ensure liveness.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        handle_call(arg, from, state, try_round \\ 1)

      


    


    
      
        propose(key, value, opts)

      


        Asks the local Proposer to convince the cluster about a value.



    


    
      
        start_link(opts)

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



    

  


  

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

  



    

  
    
      
    
    
      handle_call(arg, from, state, try_round \\ 1)



    

  


  


  



  
    
      
    
    
      propose(key, value, opts)



    

  


  

Asks the local Proposer to convince the cluster about a value.
When it detects that there are other Proposer(s) trying to do the same, and
the liveness property of Paxos is in danger, it falls back to a primary
proposer (running on a node that is determined by the key) instead of the
local service.
Return values:
	{:ok, value}: the value is the chosen (consensus) value for the key
	{:error, :no_quorum}: there are't enough nodes participating in the cluster
	{:error, :invalid_value}: the pid or node provided in opts is not alive


  



  
    
      
    
    
      start_link(opts)



    

  


  


  


        

      


  

    
PaxosKV.Proposer.State 
    



      
State module for the Paxos Proposer process.

      




  

    
paxos_kv 
    



      
Erlang interface for the PaxosKV distributed key-value store.
This module provides an Erlang-friendly API for interacting with the PaxosKV
system, which is a distributed, fault-tolerant key-value store built on the
Paxos consensus algorithm. All operations are forwarded to the underlying
Elixir implementation.
Features
	Distributed consensus using Multi-Paxos
	Automatic key-based sharding across cluster nodes
	Fault tolerance and high availability
	Simple get/put interface with optional parameters

Example Usage
% Store a value
{ok, _} = paxos_kv:put(my_key, my_value).

% Retrieve a value
{ok, Value} = paxos_kv:get(my_key).

% Store with expiration time
ExpiryTime = paxos_kv:now() + 60000,
{ok, _} = paxos_kv:put(session, data, [{until, ExpiryTime}]).

      


      
        Summary


  
    Functions
  


    
      
        get(Key)

      


        Retrieves a value from the distributed store by its key.



    


    
      
        get(Key, Options)

      


        Retrieves a value from the distributed store by its key with additional options.



    


    
      
        keys()

      


        Returns a list of all keys stored in the cluster.



    


    
      
        keys(Bucket)

      


        Returns a list of all keys stored in the specified bucket.



    


    
      
        node(Key)

      


        Returns the node name the key-value pair is bound to.



    


    
      
        now()

      


        Returns the current time that can be used in the until option.



    


    
      
        pid(Key)

      


        Returns the pid the key-value pair is bound to.



    


    
      
        put(Key, Value)

      


        Stores a key-value pair in the distributed store.



    


    
      
        put(Key, Value, Options)

      


        Stores a key-value pair in the distributed store with additional options.



    





      


      
        Functions


        


  
    
      
    
    
      get(Key)



    

  


  

Retrieves a value from the distributed store by its key.
This operation queries the Paxos cluster to retrieve the latest committed
value for the given key. The request is automatically routed to the
appropriate node.
Parameters
	Key: The key to look up (any Erlang term)

Returns
	{ok, Value} when the key is registered
	{error, not_found} when the key is not registered
	{error, no_quorum} when the cluster doesn't have enough nodes to reach consensus

Examples
% Retrieve a value
case paxos_kv:get(user_123) of
    {ok, User} ->
        io:format("Found user: ~p~n", [User]);
    {error, not_found} ->
        io:format("User not found~n");
    {error, no_quorum} ->
        io:format("No quorum available~n")
end.

% Simple pattern match
{ok, Value} = paxos_kv:get(my_key).
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Retrieves a value from the distributed store by its key with additional options.
This is the extended version of get/1 that allows you to specify a default
value to return when the key is not found.
Parameters
	Key: The key to look up (any Erlang term)
	Options: A list of options (keyword list)

Options
	{default, Value}: Defines the value that should be returned (as {ok, Value})
when the key is not yet set or has been deleted.

Returns
	{ok, Value} when the key is registered
	{ok, Default} when the key is not found and the default option is provided
	{error, not_found} when the key is not registered and no default is provided
	{error, no_quorum} when the cluster doesn't have enough nodes to reach consensus

Examples
% Retrieve with default options
{ok, Value} = paxos_kv:get(my_key, []).

% Retrieve with a default value
{ok, Value} = paxos_kv:get(non_existent_key, [{default, <<"default">>}]).

% Handle missing keys gracefully
case paxos_kv:get(user_key, [{default, #{name => <<"Guest">>}}]) of
    {ok, User} ->
        io:format("User: ~p~n", [User])
end.
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Returns a list of all keys stored in the cluster.
This function queries all nodes in the cluster and returns a deduplicated
list of all keys that have been stored in the default bucket ('Elixir.PaxosKV').
Returns
	A list of keys (any Erlang terms)

Examples
% Store some values
{ok, _} = paxos_kv:put(user_name, <<"Alice">>).
{ok, _} = paxos_kv:put(counter, 42).

% Get all keys
Keys = paxos_kv:keys().
% Keys = [user_name, counter]

% Use the keys to iterate over all values
lists:foreach(fun(Key) ->
    {ok, Value} = paxos_kv:get(Key),
    io:format("~p: ~p~n", [Key, Value])
end, Keys).
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Returns a list of all keys stored in the specified bucket.
This function queries all nodes in the cluster and returns a deduplicated
list of all keys that have been stored in the specified bucket namespace.
Buckets allow you to partition your key-value data into separate logical
namespaces.
Parameters
	Bucket: The bucket (namespace) to query for keys (any Erlang term)

Returns
	A list of keys (any Erlang terms)

Examples
% Store values in a custom bucket
{ok, _} = paxos_kv:put(config_key, config_value, [{bucket, 'MyBucket'}]).
{ok, _} = paxos_kv:put(setting_key, setting_value, [{bucket, 'MyBucket'}]).

% Get all keys from the custom bucket
BucketKeys = paxos_kv:keys('MyBucket').
% BucketKeys = [config_key, setting_key]

% Get all keys from the default bucket
DefaultKeys = paxos_kv:keys('Elixir.PaxosKV').

% Compare keys across different buckets
AllBuckets = ['Elixir.PaxosKV', 'MyBucket', 'AnotherBucket'],
AllKeys = lists:flatten([paxos_kv:keys(B) || B <- AllBuckets]).
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Returns the node name the key-value pair is bound to.
This function returns the node name that was set via the {node, Node} option
in put/3. The key-value pair will be automatically deleted when this node
disconnects from the cluster.
Parameters
	Key: The key to look up (any Erlang term)

Returns
	{ok, Node} when a node is associated with the key
	{error, not_found} when the key is not registered
	{error, no_quorum} when the cluster doesn't have enough nodes to reach consensus

Examples
% Store a value bound to a node
{ok, _} = paxos_kv:put(node_config, config_data,
                       [{node, 'node1@localhost'}]).

% Get the associated node
{ok, Node} = paxos_kv:node(node_config).
io:format("Config is bound to node: ~p~n", [Node]).

% Check if the bound node is still connected
case paxos_kv:node(node_config) of
    {ok, Node} ->
        case lists:member(Node, erlang:nodes()) of
            true -> io:format("Bound node is connected~n");
            false -> io:format("Bound node is disconnected~n")
        end;
    {error, not_found} ->
        io:format("Config not found~n")
end.
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Returns the current time that can be used in the until option.
The time is measured in milliseconds and is actually the system time. This is
a convenience function for creating timestamps for the {until, Timestamp}
option in put/3.
Returns
	Current system time in milliseconds

Examples
% Get current time
Now = paxos_kv:now().

% Store with 60 second TTL
ExpiryTime = paxos_kv:now() + 60000,
{ok, _} = paxos_kv:put(session, data, [{until, ExpiryTime}]).

% Store with 5 minute TTL
{ok, _} = paxos_kv:put(cache_key, value, [{until, paxos_kv:now() + 300000}]).
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Returns the pid the key-value pair is bound to.
This function returns the pid that was set via the {pid, Pid} option in
put/3. The key-value pair will be automatically deleted when this process
terminates.
Parameters
	Key: The key to look up (any Erlang term)

Returns
	{ok, Pid} when a pid is associated with the key
	{error, not_found} when the key is not registered
	{error, no_quorum} when the cluster doesn't have enough nodes to reach consensus

Examples
% Store a value bound to a process
Pid = spawn(fun() -> timer:sleep(5000) end),
{ok, _} = paxos_kv:put(session, <<"session_data">>, [{pid, Pid}]).

% Get the associated pid
{ok, Pid} = paxos_kv:pid(session).
io:format("Session is bound to process: ~p~n", [Pid]).

% Check if the bound process is still alive
case paxos_kv:pid(session) of
    {ok, Pid} ->
        case erlang:is_process_alive(Pid) of
            true -> io:format("Bound process is alive~n");
            false -> io:format("Bound process is dead~n")
        end;
    {error, not_found} ->
        io:format("Session not found~n")
end.
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Stores a key-value pair in the distributed store.
This operation uses the Paxos consensus algorithm to ensure the value is
safely replicated across the cluster. The key is automatically routed to
the appropriate node based on consistent hashing.
Note: The returned value may not be the same as the value argument if another
process has already set a different value for the key. Once a key has a consensus
value, it cannot be changed.
Parameters
	Key: The key under which to store the value (any Erlang term)
	Value: The value to store (any Erlang term)

Returns
	{ok, Value} when consensus is reached for the key
	{error, invalid_value} when the value is invalid
	{error, no_quorum} when the cluster doesn't have enough nodes

Examples
% Store a simple value
{ok, <<"John Doe">>} = paxos_kv:put(user_123, <<"John Doe">>).

% Store complex terms
{ok, _} = paxos_kv:put({session, 456}, #{user => john}).

% Store any Erlang term
{ok, Config} = paxos_kv:put(config, [{port, 8080}, {host, "localhost"}]).

  



  
    
      
    
    
      put(Key, Value, Options)



    

  


  

Stores a key-value pair in the distributed store with additional options.
This is the extended version of put/2 that allows you to specify lifecycle
management and behavior options for the key-value pair.
Note: The returned value may not be the same as the value argument if another
process has already set a different value for the key. Once a key has a consensus
value, it cannot be changed.
Parameters
	Key: The key under which to store the value (any Erlang term)
	Value: The value to store (any Erlang term)
	Options: A list of options (keyword list)

Options
	{bucket, Bucket}: Use bucket Bucket to store the key-value pair
	{pid, Pid}: Keep the key-value pair as long as pid Pid is alive
	{node, Node}: Keep the key-value pair as long as node Node is connected
	{key, Key}: Keep the key-value pair as long as key Key is present
	{until, Timestamp}: Keep the key-value pair until system time Timestamp
(in milliseconds). This defines the expiration time of the key-value pair.
	{no_quorum, Behavior}: Controls behavior when there's no quorum:	return (default) - returns {error, no_quorum}
	retry - retries until quorum is reached (blocks indefinitely)
	fail - throws an exception



Returns
	{ok, Value} when consensus is reached for the key
	{error, invalid_value} when the value is invalid
	{error, no_quorum} when the cluster doesn't have enough nodes (default behavior)

Examples
% Store with default options
{ok, _} = paxos_kv:put(my_key, my_value, []).

% Store with expiration time (TTL)
ExpiryTime = paxos_kv:now() + 60000,
{ok, <<"session_data">>} = paxos_kv:put(session_key, <<"session_data">>,
                                         [{until, ExpiryTime}]).

% Store bound to a process lifetime
Pid = spawn(fun() -> timer:sleep(5000) end),
{ok, _} = paxos_kv:put(temp_key, temp_value, [{pid, Pid}]).

% Store bound to a node connection
{ok, _} = paxos_kv:put(node_config, config_data,
                       [{node, 'node1@localhost'}]).

% Store with retry on no quorum
{ok, _} = paxos_kv:put(critical_key, data, [{no_quorum, retry}]).

  


        

      


  

    
mix node 
    



      
Starts the node in distributed mode with a numbered node name schema.
Every node has a number started from 0. The name of the nodes gonna be just
simply :node0, :node1, etc.
It also tries to connect to other nodes that are already alive. For instance,
if you start :node4 with the node task, it will try to connect to
:node0, :node1, :node2, :node3 and also some nodes like :node5,
:node6, :node7 and so on. That means starting :nodeN will try to
connect to the previous N nodes and the next N nodes. Starting :node0 does
not trigger any connections. The node task uses long names.
In production you must have a more sophisticated clustering strategy, like
libcluster, but for development and testing the node task will help you
simplify your daily tasks.
Usage:
Start an IEx shell in distributed mode with the name node4:
  $ iex -S mix node 4

Start node number 3 without the IEx shell:
  $ mix node 3

It is also possible to start nodes without manually entering numbers for them.
Use an underscore _ in place of the node number and the node task will find
you the first available node number starting from 1:
  $ iex -S mix node _

You can use an underscore to start a node without specifying the node number.
In that case the task is going to figure out the smallest available node number
and use that number.
It is also possible to add further Mix tasks to the command line.
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        Returns the node name of the nth node.
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Returns the node name of the nth node.
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