

    

        flezha_sdk

        v0.1.0



    


  

    Table of contents

    
      


        	
          Modules
          


      	Flezha.SDK


      	Flezha.SDK.ChannelBuilder


      	Flezha.SDK.Control


      	Flezha.SDK.Ctx


      	Flezha.SDK.Error


      	Flezha.SDK.Local


      	Flezha.SDK.Local.Output


      	Flezha.SDK.Merge


      	Flezha.SDK.Relay


      	Flezha.SDK.Response


      	Flezha.SDK.RouteLatest


      	Flezha.SDK.Spawn


      	Flezha.SDK.State


      	Flezha.SDK.Stream


      	Flezha.SDK.Tasklet


      	Flezha.SDK.TaskletTestHarness


      	Flezha.SDK.TaskletTestHarness.Outcome


      	Flezha.SDK.TimerFiring





        



      

    

  

    
Flezha.SDK 
    



      
The Elixir runner SDK — the runner-as-handle surface over flz_core, the
runtime every Flezha SDK runs on. A runner reaches its controller one way,
over UDS (transport: :uds, the default) or QUIC (transport: :quic),
wherever the controller runs: in this BEAM, on this machine or on another.
A handle accumulates its declared factory set with no connection or process;
start/1 claims the process-wide runner slot (a named singleton) and
connects; run/1 is start/1 then await_termination/1. Authoring and
connection failures are named error tuples returned at the call site (never a
raise) and propagate through a pipe. child_spec/1 wraps the same sequence for
a host application's supervision tree.
The connection settings are read from the OS environment first, then config :flezha_sdk, .... A controller that enforces
authorization asks every runner for a credential: pass it as
namespace_secret:, or set FLEZHA_NAMESPACE_SECRET.

      


      
        Summary


  
    Types
  


    
      
        result()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        await_termination(handle)

      


        Block until the runner terminates.



    


    
      
        call(runner, relay_id, channel, value)

      


        Call the entry channel channel of relay_id with value, through the
controller under the same role check as send/5, answering what the relay
answers: {:ok, answer} with a JSON value, a string for text, the bytes for
the binary formats, or %{"accepted" => true} from a channel no output
answers. value is encoded as an output with no serializer of its own
encodes it.



    


    
      
        child_spec(opts)

      


        A child spec wrapping create → register → start for the host application's
supervision tree: namespace:, relays:, transport: and
namespace_secret:. The supervised process is the runner. A runner runs
once per BEAM: one that stops or crashes ends its session, and the restart
that follows is refused, so the failure reaches
the node, which is the unit to restart. The controller moves the relays
meanwhile.



    


    
      
        close(arg1)

      


        Ship each relay's state, end the session and release the slot. A runner
runs once per BEAM: a later start in this node is refused as
runtime.core_shut_down. A never-started handle is a no-op.



    


    
      
        create_runner(namespace, opts \\ [])

      


        Create a runner handle. No connection, no slot claim, no processes.



    


    
      
        namespace(sdk)

      


    


    
      
        register_factory(e, module)

      


        Declare a relay: a module of the Flezha.SDK.Relay behaviour. Legal
before and after start/1.



    


    
      
        relays(runner)

      


        The ids of the relay instances bound on this runner now, a partition
member by its member id, read without the controller.



    


    
      
        run(e)

      


        start/1 then await_termination/1.



    


    
      
        send(runner, relay_id, message, channel, opts \\ [])

      


        Send message to the entry channel channel of relay_id.



    


    
      
        server(server)

      


        The live runner process behind a handle: runtime.runner_not_started before
start/1, and a refused handle's own error unchanged.



    


    
      
        start(e)

      


        Claim the runner slot and connect. The loser gets runtime.runner_already_running
naming the namespace.



    


    
      
        unregister_factory(e, module)

      


        Remove a declared relay — the inverse of register_factory/2, taking what it took.



    





      


      
        Types


        


  
    
      
    
    
      result()



        
          
        

    

  


  

      

          @type result() :: t() | {:error, Flezha.SDK.Error.t()}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Flezha.SDK{
  modules: term(),
  namespace: term(),
  namespace_secret: term(),
  server: term(),
  transport: term()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      await_termination(handle)



        
          
        

    

  


  

      

          @spec await_termination(result()) :: :ok | {:error, Flezha.SDK.Error.t()}


      


Block until the runner terminates.

  



  
    
      
    
    
      call(runner, relay_id, channel, value)



        
          
        

    

  


  

      

          @spec call(result() | pid() | atom(), String.t(), String.t(), term()) ::
  {:ok, term()} | {:error, Flezha.SDK.Error.t()}


      


Call the entry channel channel of relay_id with value, through the
controller under the same role check as send/5, answering what the relay
answers: {:ok, answer} with a JSON value, a string for text, the bytes for
the binary formats, or %{"accepted" => true} from a channel no output
answers. value is encoded as an output with no serializer of its own
encodes it.
runner is a handle, or the runner server's pid or name.

  



  
    
      
    
    
      child_spec(opts)



        
          
        

    

  


  

A child spec wrapping create → register → start for the host application's
supervision tree: namespace:, relays:, transport: and
namespace_secret:. The supervised process is the runner. A runner runs
once per BEAM: one that stops or crashes ends its session, and the restart
that follows is refused, so the failure reaches
the node, which is the unit to restart. The controller moves the relays
meanwhile.

  



  
    
      
    
    
      close(arg1)



        
          
        

    

  


  

      

          @spec close(result()) :: :ok


      


Ship each relay's state, end the session and release the slot. A runner
runs once per BEAM: a later start in this node is refused as
runtime.core_shut_down. A never-started handle is a no-op.

  



    

  
    
      
    
    
      create_runner(namespace, opts \\ [])



        
          
        

    

  


  

      

          @spec create_runner(String.t(), keyword()) :: result()


      


Create a runner handle. No connection, no slot claim, no processes.

  



  
    
      
    
    
      namespace(sdk)



        
          
        

    

  


  

      

          @spec namespace(t()) :: String.t()


      



  



  
    
      
    
    
      register_factory(e, module)



        
          
        

    

  


  

      

          @spec register_factory(result(), module()) :: result()


      


Declare a relay: a module of the Flezha.SDK.Relay behaviour. Legal
before and after start/1.
Its declaration is judged here by flz_core, the check every SDK's builder
is judged by, and declared to the live core when the runner is started.

  



  
    
      
    
    
      relays(runner)



        
          
        

    

  


  

      

          @spec relays(result() | pid() | atom()) ::
  {:ok, [String.t()]} | {:error, Flezha.SDK.Error.t()}


      


The ids of the relay instances bound on this runner now, a partition
member by its member id, read without the controller.

  



  
    
      
    
    
      run(e)



        
          
        

    

  


  

      

          @spec run(result()) :: :ok | {:error, Flezha.SDK.Error.t()}


      


start/1 then await_termination/1.

  



    

  
    
      
    
    
      send(runner, relay_id, message, channel, opts \\ [])



        
          
        

    

  


  

      

          @spec send(result() | pid() | atom(), String.t(), String.t(), String.t(), keyword()) ::
  {:ok, term()} | {:error, Flezha.SDK.Error.t()}


      


Send message to the entry channel channel of relay_id.
Through the controller by default, under the same role check as
Flezha.SDK.Control, answering its verdict: {:ok, %{"to" => relay, "verdict" => "delivered" | "absorbed" | "suspended"}}. Options:
	msg_id: the message's id, stamped as flz.msg_id: a relay whose
input log still holds an input of this id absorbs the repeat.
	key: the partition key whose member of a partition group takes it.
	local: true in process, without the controller: the message is on no
disk, is lost if the runner stops before handling it, and a relay's
input log does not cover it. Answers {:ok, nil}; refused with
runtime.relay_not_local for a relay this runner does not hold,
and with usage.options_conflict beside msg_id: or key:.

runner is a handle, or the runner server's pid or name.

  



  
    
      
    
    
      server(server)



        
          
        

    

  


  

      

          @spec server(result() | pid() | atom()) ::
  {:ok, pid() | atom()} | {:error, Flezha.SDK.Error.t()}


      


The live runner process behind a handle: runtime.runner_not_started before
start/1, and a refused handle's own error unchanged.
The one place a caller outside this module reads the handle's server, so the
struct's shape stays this module's business.

  



  
    
      
    
    
      start(e)



        
          
        

    

  


  

      

          @spec start(result()) :: result()


      


Claim the runner slot and connect. The loser gets runtime.runner_already_running
naming the namespace.

  



  
    
      
    
    
      unregister_factory(e, module)



        
          
        

    

  


  

      

          @spec unregister_factory(result(), module()) :: result()


      


Remove a declared relay — the inverse of register_factory/2, taking what it took.

  


        

      


  

    
Flezha.SDK.ChannelBuilder 
    



      
The graph-builder token handed to channels/1. Openers (input/input_with),
edge transforms (map/filter/flat_map/key_by), consumers
(into/into_named/output/output_with/call,
merge with from, and route_latest/route_latest_named), per-edge knobs
(named/on_full/retry_max/retry_backoff_ms) and keyed (output
identity on the plugin wire the handle reaches). Fan-out is handle reuse, or
branch over a list of arms. The effectively-once tier is a class setting
(Flezha.SDK.Relay), not a builder call.
This builder RECORDS; it does not judge. Every fluent call appends one link
to the chain its handle carries — a transform, a key, a plugin output, an edge
into a tasklet, a merge source closing on one — and the record is kept in
the process dictionary for the duration of channels/1 (the twin of the Rust
builder's pending). The declaration step hands the finished record to
flz_core, which judges it as it judges every SDK's.
The refusals that stay here are the ones the surface itself makes: keyed,
named, an output and a call on an entry handle name a fact an entry channel
has no end for, and none reaches the record.

      


      
        Summary


  
    Types
  


    
      
        link()

      


        One link of a chain, in the order the author called it. A transform and a
key carry the closure the derivation fuses; a terminator carries what the
edge or the plugin wire it closes on needs.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        branch(s, arms)

      


        Fan out: call each arm with this same stream, which builds exactly the
topology the arms' calls off one held handle would, and answer the stream.



    


    
      
        call(stream, target \\ nil, opts)

      


        End the chain in a call to another relay: every value reaching it, after
the chain's transforms and key, is one request, written as output/2 writes
(serialize:). target names an instance, or a partition group whose
member the chain's key chooses; factory: instead names a factory whose
instance the key names, started when absent unless create: false.
deadline_ms: is required and positive; channel: names the callee's
entry channel the request enters on, and answer_channel: the callee's
channel whose output answers (its first output for the request when
unset).



    


    
      
        channel_name(acc, arg)

      


        The channel a source is named by on the wire: an entry's own name, a node's
named/2 name, the name its output declared, else its tasklet's.



    


    
      
        filter(s, f)

      


    


    
      
        flat_map(s, f)

      


    


    
      
        from(m, source, mapping)

      


        Add a source stream to a merge and the mapping that lifts its value into the
merged input. The mapping is recorded on that source's own chain, after any
transform the handle already carries.



    


    
      
        input(c, name, opts \\ [])

      


        Entry channel: its key and its tasklet receive the payload decoded by
codec:, which the relay's API also announces. :json, the default, hands
the decoded JSON value (nil for an empty payload), :text the payload as
a UTF-8 string, and :bytes the payload as it arrives; :msgpack hands the
payload as it arrives too, since this SDK carries no MessagePack decoder. A
payload its codec cannot read is unreadable. description: says what the
channel is for, and schema: is a :json channel's JSON Schema, a map with
a type; any other schema refuses the class as SchemaInvalid.



    


    
      
        input_with(c, name, parser, opts \\ [])

      


        Entry channel with a custom parser, {:ok, value} or {:error, reason}; a
parse failure rides the entry ladder. description: is announced as
input/3 announces it; the API names the codec custom, so a schema:
refuses the class as SchemaInvalid.



    


    
      
        into(handle, module)

      


        Route into a tasklet node, or close a merge on one. Unnamed mentions of one
module unify (fan-in).



    


    
      
        into_named(handle, module, name)

      


        Route into a tasklet node named name, or close a merge on one: name is
the node's identity, which its Cells are named by in place of the tasklet's
name/0, so one module can back two nodes. Identity collisions refuse.



    


    
      
        key_by(handle, f)

      


        Key an edge, or key a merged node on the mapped value.



    


    
      
        keyed(s)

      


        Declare output identity on the plugin wire this handle reaches — the
reference's keyed(): its frames carry flz.cell, flz.seq and
flz.key. Refused on an entry handle, which has no output of its own to
stamp; a chain declared keyed that reaches no output is refused by the check
as KeyedChannelWithoutPluginWire.



    


    
      
        map(s, f)

      


    


    
      
        merge(channel_builder)

      


        Open a merge: one tasklet fed by several source streams, each under its own
mapping, closed with into/2.



    


    
      
        named(s, name)

      


        Name the channel the source tasklet node produces on. The tasklet keeps its
own name, or the identity into_named/3 gave it.



    


    
      
        node_channel_name(node)

      


        The same rule off a node record: named/2's name, the first name its outputs
wrote, else the tasklet's own name.



    


    
      
        node_tasklet_name(map)

      


        The name a node's Cells are identified by: into_named/3's, else the tasklet's.



    


    
      
        on_full(s, policy)

      


    


    
      
        output(s, plugin \\ nil)

      


        Terminate the channel on the plugin layer with default serialization
(bytes/UTF-8/JSON), naming it. The string written here IS the channel's name
everywhere one appears; output/1 leaves it derived as it would be without an
output at all. Returns the handle.



    


    
      
        output_with(s, plugin \\ nil, serializer)

      


        output/2 with a custom serializer. Returns the handle, so a channel carrying
an output AND a consumer (the hybrid shape) is one pipeline.



    


    
      
        retry_backoff_ms(s, ms)

      


    


    
      
        retry_max(s, n)

      


    


    
      
        route_latest(c, documents, traffic, key_fn)

      


        Hand every key key_fn reads off traffic each distinct document on
documents once, on that key's own next traffic item, as {key, document}.
Expands to a merge into the packaged Flezha.SDK.RouteLatest node, named
route_latest, and answers its output stream.



    


    
      
        route_latest_named(c, documents, traffic, key_fn, name)

      


        route_latest/4 into a router node of the given name.



    





      


      
        Types


        


  
    
      
    
    
      link()



        
          
        

    

  


  

      

          @type link() ::
  {:map | :filter | :flat_map | :key, (term() -> term())}
  | :keyed
  | {:sink, String.t(), (term() -> binary())}
  | {:call, map(), (term() -> binary())}
  | {:into, reference()}
  | {:merge, reference(), non_neg_integer()}
  | {:branch, non_neg_integer()}


      


One link of a chain, in the order the author called it. A transform and a
key carry the closure the derivation fuses; a terminator carries what the
edge or the plugin wire it closes on needs.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Flezha.SDK.ChannelBuilder{ref: reference()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      branch(s, arms)



        
          
        

    

  


  

      

          @spec branch(Flezha.SDK.Stream.t(), [(Flezha.SDK.Stream.t() -> term())]) ::
  Flezha.SDK.Stream.t()


      


Fan out: call each arm with this same stream, which builds exactly the
topology the arms' calls off one held handle would, and answer the stream.
placed |> branch([&into(&1, ConfirmFill), &into(&1, RecordOrder)])
The arity is recorded on a chain of its own, so the check can refuse a
branch of fewer than two arms as BranchTooFewArms.

  



    

  
    
      
    
    
      call(stream, target \\ nil, opts)



        
          
        

    

  


  

      

          @spec call(Flezha.SDK.Stream.t(), String.t() | nil, keyword()) ::
  Flezha.SDK.Stream.t()


      


End the chain in a call to another relay: every value reaching it, after
the chain's transforms and key, is one request, written as output/2 writes
(serialize:). target names an instance, or a partition group whose
member the chain's key chooses; factory: instead names a factory whose
instance the key names, started when absent unless create: false.
deadline_ms: is required and positive; channel: names the callee's
entry channel the request enters on, and answer_channel: the callee's
channel whose output answers (its first output for the request when
unset).
Answers a handle on the Response channel, the entry channel
<channel>.response, whose values are %Flezha.SDK.Response{}: the answer
read by decode: as input_with/3's parser reads (the raw bytes by
default). A call is not an edge, so the Response channel may feed the
tasklet that made the call. A channel ends in one output or one call
(ChannelEndsTwice).
turns |> call("pricing", deadline_ms: 300) |> into(Price)
turns |> key_by(& &1.session) |> call(factory: "agent", deadline_ms: 60_000, create: false)

  



  
    
      
    
    
      channel_name(acc, arg)



        
          
        

    

  


  

      

          @spec channel_name(map(), {:entry, String.t()} | {:node, reference()}) :: String.t()


      


The channel a source is named by on the wire: an entry's own name, a node's
named/2 name, the name its output declared, else its tasklet's.

  



  
    
      
    
    
      filter(s, f)



        
          
        

    

  


  


  



  
    
      
    
    
      flat_map(s, f)



        
          
        

    

  


  


  



  
    
      
    
    
      from(m, source, mapping)



        
          
        

    

  


  

      

          @spec from(Flezha.SDK.Merge.t(), Flezha.SDK.Stream.t(), (term() -> term())) ::
  Flezha.SDK.Merge.t()


      


Add a source stream to a merge and the mapping that lifts its value into the
merged input. The mapping is recorded on that source's own chain, after any
transform the handle already carries.

  



    

  
    
      
    
    
      input(c, name, opts \\ [])



        
          
        

    

  


  

Entry channel: its key and its tasklet receive the payload decoded by
codec:, which the relay's API also announces. :json, the default, hands
the decoded JSON value (nil for an empty payload), :text the payload as
a UTF-8 string, and :bytes the payload as it arrives; :msgpack hands the
payload as it arrives too, since this SDK carries no MessagePack decoder. A
payload its codec cannot read is unreadable. description: says what the
channel is for, and schema: is a :json channel's JSON Schema, a map with
a type; any other schema refuses the class as SchemaInvalid.
c |> input("place", description: "Places an order", schema: %{"type" => "object"})

  



    

  
    
      
    
    
      input_with(c, name, parser, opts \\ [])



        
          
        

    

  


  

Entry channel with a custom parser, {:ok, value} or {:error, reason}; a
parse failure rides the entry ladder. description: is announced as
input/3 announces it; the API names the codec custom, so a schema:
refuses the class as SchemaInvalid.

  



  
    
      
    
    
      into(handle, module)



        
          
        

    

  


  

      

          @spec into(Flezha.SDK.Stream.t() | Flezha.SDK.Merge.t(), module()) ::
  Flezha.SDK.Stream.t()


      


Route into a tasklet node, or close a merge on one. Unnamed mentions of one
module unify (fan-in).

  



  
    
      
    
    
      into_named(handle, module, name)



        
          
        

    

  


  

      

          @spec into_named(Flezha.SDK.Stream.t() | Flezha.SDK.Merge.t(), module(), String.t()) ::
  Flezha.SDK.Stream.t()


      


Route into a tasklet node named name, or close a merge on one: name is
the node's identity, which its Cells are named by in place of the tasklet's
name/0, so one module can back two nodes. Identity collisions refuse.

  



  
    
      
    
    
      key_by(handle, f)



        
          
        

    

  


  

      

          @spec key_by(Flezha.SDK.Stream.t() | Flezha.SDK.Merge.t(), (term() -> term())) ::
  Flezha.SDK.Stream.t() | Flezha.SDK.Merge.t()


      


Key an edge, or key a merged node on the mapped value.
A merge's key is declared once, on the merge, and runs on every source's
mapped value. A second declaration is recorded as a second key on every
source, which the check refuses as DuplicateKeyBy.

  



  
    
      
    
    
      keyed(s)



        
          
        

    

  


  

Declare output identity on the plugin wire this handle reaches — the
reference's keyed(): its frames carry flz.cell, flz.seq and
flz.key. Refused on an entry handle, which has no output of its own to
stamp; a chain declared keyed that reaches no output is refused by the check
as KeyedChannelWithoutPluginWire.

  



  
    
      
    
    
      map(s, f)



        
          
        

    

  


  


  



  
    
      
    
    
      merge(channel_builder)



        
          
        

    

  


  

      

          @spec merge(t()) :: Flezha.SDK.Merge.t()


      


Open a merge: one tasklet fed by several source streams, each under its own
mapping, closed with into/2.
c
|> merge()
|> from(ticks, &{:tick, &1})
|> from(quotes, &{:quote, &1})
|> key_by(&symbol_of/1)
|> into(Detector)
One import writes the whole pipe: from/3, key_by/2, into/2 and
into_named/3 all dispatch on the handle they receive, so a merge step needs
no module prefix of its own.

  



  
    
      
    
    
      named(s, name)



        
          
        

    

  


  

Name the channel the source tasklet node produces on. The tasklet keeps its
own name, or the identity into_named/3 gave it.

  



  
    
      
    
    
      node_channel_name(node)



        
          
        

    

  


  

The same rule off a node record: named/2's name, the first name its outputs
wrote, else the tasklet's own name.

  



  
    
      
    
    
      node_tasklet_name(map)



        
          
        

    

  


  

The name a node's Cells are identified by: into_named/3's, else the tasklet's.

  



  
    
      
    
    
      on_full(s, policy)



        
          
        

    

  


  


  



    

  
    
      
    
    
      output(s, plugin \\ nil)



        
          
        

    

  


  

Terminate the channel on the plugin layer with default serialization
(bytes/UTF-8/JSON), naming it. The string written here IS the channel's name
everywhere one appears; output/1 leaves it derived as it would be without an
output at all. Returns the handle.

  



    

  
    
      
    
    
      output_with(s, plugin \\ nil, serializer)



        
          
        

    

  


  

output/2 with a custom serializer. Returns the handle, so a channel carrying
an output AND a consumer (the hybrid shape) is one pipeline.

  



  
    
      
    
    
      retry_backoff_ms(s, ms)



        
          
        

    

  


  


  



  
    
      
    
    
      retry_max(s, n)



        
          
        

    

  


  


  



  
    
      
    
    
      route_latest(c, documents, traffic, key_fn)



        
          
        

    

  


  

      

          @spec route_latest(t(), Flezha.SDK.Stream.t(), Flezha.SDK.Stream.t(), (term() ->
                                                                   String.t())) ::
  Flezha.SDK.Stream.t()


      


Hand every key key_fn reads off traffic each distinct document on
documents once, on that key's own next traffic item, as {key, document}.
Expands to a merge into the packaged Flezha.SDK.RouteLatest node, named
route_latest, and answers its output stream.

  



  
    
      
    
    
      route_latest_named(c, documents, traffic, key_fn, name)



        
          
        

    

  


  

      

          @spec route_latest_named(
  t(),
  Flezha.SDK.Stream.t(),
  Flezha.SDK.Stream.t(),
  (term() -> String.t()),
  String.t()
) :: Flezha.SDK.Stream.t()


      


route_latest/4 into a router node of the given name.

  


        

      


  

    
Flezha.SDK.Control 
    



      
Administering the namespace this runner's connection proved, from ordinary
application code. Sending to a relay is not here: it is
Flezha.SDK.send/5.
No tasklet has to be running and the application holds no credential of its
own: the controller judges every call as the identity the connection already
established, so nothing an unattended process holds expires. A user
grants a namespace's applications the authority once and revokes it the same
way, and a revocation takes effect on the next call:
flz role bind runner@team-orders app team-orders
Every function here is one line over call/3, because the verb travels as
data on the wire, through flz_core's one administration entry. Adding a verb
costs a function and nothing else.

      


      
        Summary


  
    Types
  


    
      
        runner()

      


        A runner handle, or the server behind one.



    





  
    Functions
  


    
      
        bind_plugin(runner, name, relay_id, opts \\ [])

      


        Bind the relay relay_id to the enabled plugin name, with the
optional hooks: and channel:.



    


    
      
        call(runner, verb, args)

      


        Any published function, by name.



    


    
      
        cell_state(runner, relay_id, cell \\ nil)

      


        A relay's live state, and the change sequence it was read at. cell is
<tasklet>[/<cell_key>]: a tasklet's Cells, or one of them; nil reads
every Cell of the relay.



    


    
      
        disable_plugin(runner, name)

      


        Disable the plugin name, stopping it wherever it runs.



    


    
      
        enable_plugin(runner, name, provider, opts \\ [])

      


        Enable the plugin name in this namespace, of the provider provider (for
example "relay_websocket"). Options: opts:, the provider's options;
single: true to run one copy in the whole cluster; and
relay_id: with hooks: to bind that relay in the same call.



    


    
      
        list_plugins(runner)

      


        The plugins enabled in this namespace: name, provider, single, bound relays.



    


    
      
        list_relays(runner)

      


        The relays in this namespace across the cluster: rows, one row each, and
unreachable, the controllers that did not answer.



    


    
      
        start_relay(runner, factory_id, opts \\ [])

      


        Start a relay of factory_id, on the specification flz relay start
takes: id:, init_values: and opts:, each optional. Answers the
id it runs under, the generated one when no id: was given, and whether this
call started it or found a live instance already holding the id.



    


    
      
        stop_relay(runner, relay_id)

      


        Stop a relay, or the whole partition group it names.



    


    
      
        unbind_plugin(runner, name, relay_id)

      


        Unbind the relay relay_id from the plugin name, which stays enabled.



    





      


      
        Types


        


  
    
      
    
    
      runner()



        
          
        

    

  


  

      

          @type runner() :: Flezha.SDK.t() | pid() | atom()


      


A runner handle, or the server behind one.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      bind_plugin(runner, name, relay_id, opts \\ [])



        
          
        

    

  


  

      

          @spec bind_plugin(runner(), String.t(), String.t(), keyword()) ::
  {:ok, term()} | {:error, term()}


      


Bind the relay relay_id to the enabled plugin name, with the
optional hooks: and channel:.

  



  
    
      
    
    
      call(runner, verb, args)



        
          
        

    

  


  

      

          @spec call(runner(), String.t(), [term()]) ::
  {:ok, term()} | {:error, Flezha.SDK.Error.t()}


      


Any published function, by name.
What succeeds follows from the role the namespace is bound to, never from a
list kept here. args are the call's arguments other than the namespace,
which the controller fills from the connection.

  



    

  
    
      
    
    
      cell_state(runner, relay_id, cell \\ nil)



        
          
        

    

  


  

      

          @spec cell_state(runner(), String.t(), String.t() | nil) ::
  {:ok, term()} | {:error, term()}


      


A relay's live state, and the change sequence it was read at. cell is
<tasklet>[/<cell_key>]: a tasklet's Cells, or one of them; nil reads
every Cell of the relay.

  



  
    
      
    
    
      disable_plugin(runner, name)



        
          
        

    

  


  

      

          @spec disable_plugin(runner(), String.t()) :: {:ok, term()} | {:error, term()}


      


Disable the plugin name, stopping it wherever it runs.

  



    

  
    
      
    
    
      enable_plugin(runner, name, provider, opts \\ [])



        
          
        

    

  


  

      

          @spec enable_plugin(runner(), String.t(), String.t(), keyword()) ::
  {:ok, term()} | {:error, term()}


      


Enable the plugin name in this namespace, of the provider provider (for
example "relay_websocket"). Options: opts:, the provider's options;
single: true to run one copy in the whole cluster; and
relay_id: with hooks: to bind that relay in the same call.

  



  
    
      
    
    
      list_plugins(runner)



        
          
        

    

  


  

      

          @spec list_plugins(runner()) :: {:ok, term()} | {:error, term()}


      


The plugins enabled in this namespace: name, provider, single, bound relays.

  



  
    
      
    
    
      list_relays(runner)



        
          
        

    

  


  

      

          @spec list_relays(runner()) :: {:ok, term()} | {:error, term()}


      


The relays in this namespace across the cluster: rows, one row each, and
unreachable, the controllers that did not answer.

  



    

  
    
      
    
    
      start_relay(runner, factory_id, opts \\ [])



        
          
        

    

  


  

      

          @spec start_relay(runner(), String.t(), keyword()) ::
  {:ok, %{id: String.t(), outcome: :started | :already_running}}
  | {:error, term()}


      


Start a relay of factory_id, on the specification flz relay start
takes: id:, init_values: and opts:, each optional. Answers the
id it runs under, the generated one when no id: was given, and whether this
call started it or found a live instance already holding the id.
Without id: every call starts a new relay, so a start retried after a
lost answer starts a second one, and a second stream runs until it is stopped.
Pass id: when the start may be retried.

  



  
    
      
    
    
      stop_relay(runner, relay_id)



        
          
        

    

  


  

      

          @spec stop_relay(runner(), String.t()) :: {:ok, term()} | {:error, term()}


      


Stop a relay, or the whole partition group it names.

  



  
    
      
    
    
      unbind_plugin(runner, name, relay_id)



        
          
        

    

  


  

      

          @spec unbind_plugin(runner(), String.t(), String.t()) ::
  {:ok, term()} | {:error, term()}


      


Unbind the relay relay_id from the plugin name, which stays enabled.

  


        

      


  

    
Flezha.SDK.Ctx 
    



      
The invocation context handed to Tasklet.run/3. use Flezha.SDK.Tasklet
imports the functions below, so a tasklet writes emit(ctx, value) and
complete(ctx, result); apply/3 is not imported, since it would shadow
Kernel.apply/3, and a use tasklet never calls it: its defchange
recorders do.
emit/2 and emit/3 (with key: and metadata:) accumulate outputs for
this invocation; apply/3 folds a change into the state through the
tasklet's apply_change/2 and records it for the Cell's record stream, the
only recorded mutation path; now/1 is the declared clock's value,
evaluated once by the core for this input, and the scheduled timestamp
inside a firing; cell_key/1 is the owning Cell's key (or nil for
a Single Cell). Emits, changes, timer operations and the completion are held
in the invoking worker's dictionary under a per-invocation ref and are taken
only when run/3 returns {:ok, _}: a failing invocation discards them all.
Reserved flz.-prefixed metadata keys are refused.
A key: rides an emit only where the node's output is declared keyed/1, and a
keyless emit there from a Cell with no key of its own is refused at the call.
timer_after/2 and timer_at_event_time/2 record a registration and answer
{:ok, at}, the absolute timestamp cancel_timer/3 takes beside the kind;
a cancel answers :ok. flz_core judges the item's timer ops when it settles: past the
tasklet's max_timers_per_cell/0, or an event-time timer under another
clock, the item fails, not retried. Inside a compensate/3 hook the three
timer calls answer runtime.timers_unavailable and arm nothing.
spawn_steps/4, effect/4 and part/2 reach flz_core from the live
activation, and only from the worker running the invocation: the same call
from another process is refused.

      


      
        Summary


  
    Types
  


    
      
        emit_option()

      


        An emit/3 option.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        apply(ctx, state, change)

      


        Fold change into state with the tasklet's apply_change/2 and record
it, so the Cell ships it after the invocation succeeds. The returned state
is what run/3 returns in its {:ok, _}.



    


    
      
        cancel_timer(ctx, kind, at)

      


        Cancel the kind timer (:processing_time or :event_time) its registration
answered at for; one not pending changes nothing.



    


    
      
        cell_key(ctx)

      


        The owning Cell's key, or nil for a Single Cell.



    


    
      
        checkpoint(ctx)

      


        Close the staged checkpoint interval at the end of this invocation. A no-op
on a class that did not declare checkpoint granularity.



    


    
      
        complete(ctx, result)

      


        End the instance this tasklet runs in, with result as the result its
completion reports. result is encoded as spawn_steps/4 encodes its
payload; nil carries no result.



    


    
      
        effect(ctx, name, fun, codec \\ nil)

      


        Run fun, a call to anything outside the instance (a model, a tool, a
service), and keep its result: when this invocation runs again (a crash
re-run, a replay, a wake, a move), the call answers the kept result and
fun does not run. The result is kept, synced on the controller, before
this returns; a crash between fun finishing and that point runs fun
again, so give the outside service stable_id/1 as an idempotency key where
it takes one.



    


    
      
        emit(ctx, value)

      


        Emit a value on the tasklet's outgoing channel.



    


    
      
        emit(ctx, value, opts)

      


        Emit a value with options: key:, the output's natural key, only on an
output declared keyed/1; metadata:, a map whose reserved flz.-prefixed
keys are refused. Any other option raises ArgumentError.



    


    
      
        now(ctx)

      


        The declared clock's value for this input; the scheduled timestamp inside a firing.



    


    
      
        part(ctx, value)

      


        Send value as a part: a preview of this invocation's output on its
channel, which leaves now rather than when run/3 returns, encoded as an
emit of value would be. It never waits: a part the wire cannot take at once
is dropped, and an invocation of a replayed input sends none.



    


    
      
        replay(ctx)

      


        Whether this invocation replays an input the Cell already ran.



    


    
      
        spawn_steps(ctx, factory_id, payload, opts \\ [])

      


        Request spawn-or-deliver of a steps instance of factory_id in this
runner's namespace, with payload as its first input: bytes as they are,
anything else as JSON, and a term with no JSON form raises. Answers a
Flezha.SDK.Spawn handle without waiting, read with
Flezha.SDK.Spawn.await/2 or Flezha.SDK.Spawn.try_result/1 inside this
invocation, or not at all.



    


    
      
        stable_id(ctx)

      


        A replay-stable 128-bit id, 32 lowercase hex digits: FNV-1a-128 over the
Cell's identity, the change seq this invocation started at and a
per-invocation ordinal. The same invocation on a replay derives the same
ids in the same order, which is what makes an effect idempotent.



    


    
      
        timer_after(ctx, delay_ms)

      


        Register a processing-time timer delay_ms after now/1; {:ok, at}, the cancellation handle.



    


    
      
        timer_at_event_time(ctx, at)

      


        Register an event-time timer at at; {:ok, at}.



    





      


      
        Types


        


  
    
      
    
    
      emit_option()



        
          
        

    

  


  

      

          @type emit_option() :: {:key, String.t()} | {:metadata, map()}


      


An emit/3 option.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Flezha.SDK.Ctx{
  cell_key: term(),
  channel: term(),
  core: term(),
  identity: term(),
  item: term(),
  keyed_sink?: term(),
  module: term(),
  now_ms: term(),
  offset: term(),
  owner: term(),
  part_encode: term(),
  ref: term(),
  replay?: term(),
  seq: term(),
  timers?: term(),
  token: term()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      apply(ctx, state, change)



        
          
        

    

  


  

      

          @spec apply(t(), term(), term()) :: term()


      


Fold change into state with the tasklet's apply_change/2 and record
it, so the Cell ships it after the invocation succeeds. The returned state
is what run/3 returns in its {:ok, _}.

  



  
    
      
    
    
      cancel_timer(ctx, kind, at)



        
          
        

    

  


  

      

          @spec cancel_timer(t(), Flezha.SDK.TimerFiring.kind(), non_neg_integer()) ::
  :ok | {:error, Flezha.SDK.Error.t()}


      


Cancel the kind timer (:processing_time or :event_time) its registration
answered at for; one not pending changes nothing.

  



  
    
      
    
    
      cell_key(ctx)



        
          
        

    

  


  

The owning Cell's key, or nil for a Single Cell.

  



  
    
      
    
    
      checkpoint(ctx)



        
          
        

    

  


  

      

          @spec checkpoint(t()) :: :ok


      


Close the staged checkpoint interval at the end of this invocation. A no-op
on a class that did not declare checkpoint granularity.

  



  
    
      
    
    
      complete(ctx, result)



        
          
        

    

  


  

      

          @spec complete(t(), term()) :: :ok


      


End the instance this tasklet runs in, with result as the result its
completion reports. result is encoded as spawn_steps/4 encodes its
payload; nil carries no result.
In a class that runs in steps the rest of the iteration still runs and
commits; once that commit is durable the instance ends instead of waiting
for its next input. In a flow class the instance runs what its Cells already
hold to its outputs, then ends; a later call before that replaces the result.

  



    

  
    
      
    
    
      effect(ctx, name, fun, codec \\ nil)



        
          
        

    

  


  

      

          @spec effect(
  t(),
  String.t(),
  (-> term()),
  {(term() -> binary()), (binary() -> term())} | nil
) ::
  {:ok, term()}
  | {:error, Flezha.SDK.Error.t() | {:non_retryable, Flezha.SDK.Error.t()}}


      


Run fun, a call to anything outside the instance (a model, a tool, a
service), and keep its result: when this invocation runs again (a crash
re-run, a replay, a wake, a move), the call answers the kept result and
fun does not run. The result is kept, synced on the controller, before
this returns; a crash between fun finishing and that point runs fun
again, so give the outside service stable_id/1 as an idempotency key where
it takes one.
name names the call: a non-empty string of at most 255 bytes, counted per
invocation. One call runs at a time; a concurrent one is refused. The result
is encoded as spawn_steps/4 encodes its payload and read back as JSON, else
as the binary; codec, an {encode, decode} pair of one-argument
functions, replaces both.
An invocation that took no input-log offset runs fun each time and keeps
nothing. A raise in fun propagates and nothing is kept. Answers
{:ok, result}, or {:error, reason} for run/3 to return as it is:
{:non_retryable, error} for effect.bad_name, effect.nested,
effect.outside_invocation and effect.too_large, and the retryable
effect.not_recorded error.

  



  
    
      
    
    
      emit(ctx, value)



        
          
        

    

  


  

      

          @spec emit(t(), term()) :: :ok | {:error, Flezha.SDK.Error.t()}


      


Emit a value on the tasklet's outgoing channel.

  



  
    
      
    
    
      emit(ctx, value, opts)



        
          
        

    

  


  

      

          @spec emit(t(), term(), [emit_option()]) :: :ok | {:error, Flezha.SDK.Error.t()}


      


Emit a value with options: key:, the output's natural key, only on an
output declared keyed/1; metadata:, a map whose reserved flz.-prefixed
keys are refused. Any other option raises ArgumentError.

  



  
    
      
    
    
      now(ctx)



        
          
        

    

  


  

The declared clock's value for this input; the scheduled timestamp inside a firing.

  



  
    
      
    
    
      part(ctx, value)



        
          
        

    

  


  

      

          @spec part(t(), term()) :: :ok | {:error, Flezha.SDK.Error.t()}


      


Send value as a part: a preview of this invocation's output on its
channel, which leaves now rather than when run/3 returns, encoded as an
emit of value would be. It never waits: a part the wire cannot take at once
is dropped, and an invocation of a replayed input sends none.
:ok, or {:error, %Error{}}: part.no_output when the node's channel does
not end in an output (a call end is not one), part.outside_invocation
through a ctx whose invocation has returned or from another process.

  



  
    
      
    
    
      replay(ctx)



        
          
        

    

  


  

      

          @spec replay(t()) :: boolean()


      


Whether this invocation replays an input the Cell already ran.

  



    

  
    
      
    
    
      spawn_steps(ctx, factory_id, payload, opts \\ [])



        
          
        

    

  


  

      

          @spec spawn_steps(t(), String.t(), term(), [Flezha.SDK.Spawn.option()]) ::
  Flezha.SDK.Spawn.t()


      


Request spawn-or-deliver of a steps instance of factory_id in this
runner's namespace, with payload as its first input: bytes as they are,
anything else as JSON, and a term with no JSON form raises. Answers a
Flezha.SDK.Spawn handle without waiting, read with
Flezha.SDK.Spawn.await/2 or Flezha.SDK.Spawn.try_result/1 inside this
invocation, or not at all.
With id: the instance starts under that id when it is free; while it runs,
if_running: :deliver (the default) hands it payload as one more input and
if_running: :error resolves already_running. if_running: without id:
resolves the core's spawn.if_running_without_id at the call and sends
nothing.
Without id: the controller generates one, and every call starts a new
instance: a call reissued after a lost or timed-out answer starts a second
one, and a replayed invocation resolves skipped_on_replay. A crash re-run
of an input the Cell had not durably consumed asks again under the same
identity, and the controller answers the instance the first ask started.

  



  
    
      
    
    
      stable_id(ctx)



        
          
        

    

  


  

      

          @spec stable_id(t()) :: String.t()


      


A replay-stable 128-bit id, 32 lowercase hex digits: FNV-1a-128 over the
Cell's identity, the change seq this invocation started at and a
per-invocation ordinal. The same invocation on a replay derives the same
ids in the same order, which is what makes an effect idempotent.

  



  
    
      
    
    
      timer_after(ctx, delay_ms)



        
          
        

    

  


  

      

          @spec timer_after(t(), integer()) ::
  {:ok, non_neg_integer()} | {:error, Flezha.SDK.Error.t()}


      


Register a processing-time timer delay_ms after now/1; {:ok, at}, the cancellation handle.

  



  
    
      
    
    
      timer_at_event_time(ctx, at)



        
          
        

    

  


  

      

          @spec timer_at_event_time(t(), non_neg_integer()) ::
  {:ok, non_neg_integer()} | {:error, Flezha.SDK.Error.t()}


      


Register an event-time timer at at; {:ok, at}.

  


        

      


  

    
Flezha.SDK.Error 
    



      
The one error this SDK answers anything Flezha refuses with: a stable code
spelled family.snake, a class, a plain message, the details the
message names, and a hint naming the next command when there is one.
A refusal the controller sent carries its own rendering, read by
from_wire/1. A refusal this SDK makes itself, a declaration or a runtime
misuse, is built by new/2 from the catalogue of the contract set
(crates/flz_transport/errors.json), the one the controller and the Rust core render
from, so a code reads the same in every language.
This module is also the Elixir renderer the controller's Flezha.Error
shares: render/2, object/1 and render_template/2 take any map carrying
the five fields.

      


      
        Summary


  
    Types
  


    
      
        class()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        catalogue()

      


        The catalogue as it was compiled in.



    


    
      
        details_json(error)

      


        details as the compact, key-sorted JSON object the wire carries.



    


    
      
        exit_code(map)

      


        The exit code a class answers.



    


    
      
        from_document(document)

      


        The error a JSON error document carries ({"error": {...}}), as the core and
the controller render it; nil when document is not one.



    


    
      
        from_object(error)

      


        The error a decoded error object (code, class, message, details,
hint) carries; nil when it names no code.



    


    
      
        from_wire(wire)

      


        The error a controller reply carried as a wire Error message; nil for a
reply that carries none.



    


    
      
        new(code, details \\ %{})

      


        The error code names, its templates filled from details. A code the
catalogue does not know is internal.uncatalogued, naming it.



    


    
      
        object(error)

      


        The {code, class, message, details, hint} object, as JSON with a fixed key order.



    


    
      
        plain_details(details)

      


        Details a caller can read without knowing Elixir: string keys, and values
that are text, numbers, booleans, lists or string-keyed objects. Any other
term is its inspect.



    


    
      
        render(error, format)

      


        :text is error: <message> (<code>) and a hint: line; :json the one-line document.



    


    
      
        render_template(template, details)

      


        template with every {key} replaced by details[key] as text: a string as
written, a list of strings joined by ,, anything else as compact JSON. A
key the details do not carry is left as written.



    





      


      
        Types


        


  
    
      
    
    
      class()



        
          
        

    

  


  

      

          @type class() ::
  :internal
  | :invalid
  | :unreachable
  | :denied
  | :not_found
  | :conflict
  | :unavailable


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Flezha.SDK.Error{
  class: class(),
  code: String.t(),
  details: %{optional(String.t()) => term()},
  hint: String.t() | nil,
  message: String.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      catalogue()



        
          
        

    

  


  

      

          @spec catalogue() :: map()


      


The catalogue as it was compiled in.

  



  
    
      
    
    
      details_json(error)



        
          
        

    

  


  

      

          @spec details_json(map()) :: String.t()


      


details as the compact, key-sorted JSON object the wire carries.

  



  
    
      
    
    
      exit_code(map)



        
          
        

    

  


  

      

          @spec exit_code(%{class: class()}) :: pos_integer()


      


The exit code a class answers.

  



  
    
      
    
    
      from_document(document)



        
          
        

    

  


  

      

          @spec from_document(String.t()) :: t() | nil


      


The error a JSON error document carries ({"error": {...}}), as the core and
the controller render it; nil when document is not one.

  



  
    
      
    
    
      from_object(error)



        
          
        

    

  


  

      

          @spec from_object(term()) :: t() | nil


      


The error a decoded error object (code, class, message, details,
hint) carries; nil when it names no code.

  



  
    
      
    
    
      from_wire(wire)



        
          
        

    

  


  

      

          @spec from_wire(map() | nil) :: t() | nil


      


The error a controller reply carried as a wire Error message; nil for a
reply that carries none.

  



    

  
    
      
    
    
      new(code, details \\ %{})



        
          
        

    

  


  

      

          @spec new(String.t(), map() | keyword()) :: t()


      


The error code names, its templates filled from details. A code the
catalogue does not know is internal.uncatalogued, naming it.

  



  
    
      
    
    
      object(error)



        
          
        

    

  


  

      

          @spec object(map()) :: String.t()


      


The {code, class, message, details, hint} object, as JSON with a fixed key order.

  



  
    
      
    
    
      plain_details(details)



        
          
        

    

  


  

      

          @spec plain_details(map()) :: map()


      


Details a caller can read without knowing Elixir: string keys, and values
that are text, numbers, booleans, lists or string-keyed objects. Any other
term is its inspect.

  



  
    
      
    
    
      render(error, format)



        
          
        

    

  


  

      

          @spec render(map(), :text | :json | String.t()) :: String.t()


      


:text is error: <message> (<code>) and a hint: line; :json the one-line document.

  



  
    
      
    
    
      render_template(template, details)



        
          
        

    

  


  

      

          @spec render_template(String.t(), map()) :: String.t()


      


template with every {key} replaced by details[key] as text: a string as
written, a list of strings joined by ,, anything else as compact JSON. A
key the details do not carry is left as written.

  


        

      


  

    
Flezha.SDK.Local 
    



      
Running a declared relay graph in this process, with no controller.
start/2 takes the Flezha.SDK.Relay module you deploy and runs the graph
its channels/1 already declares on flz_core's local run, the same
runtime a deployed relay runs on: entry decode, edge transforms and keying,
one Cell per resolved key with its own mailbox, the retry ladder. Nothing
about the class changes: no local-mode callback, no second declaration.
What a local run has not got: durability of any kind, plugins, placement and
migration, the dead-letter queue, observability export, authz and
multi-runner scale. Every one of those needs a controller, and every run says
so through Logger before it does any work. A class that runs in steps, or under
the effectively-once tier, is refused as runtime.local_needs_controller.
Running a graph
{:ok, run} = Flezha.SDK.Local.start(WordCount)
:ok = Flezha.SDK.Local.on_output(run, "counts", &IO.puts(&1.payload))
:ok = Flezha.SDK.Local.feed(run, "lines", "The quick brown fox")
:ok = Flezha.SDK.Local.feed(run, "lines", "the lazy dog")
:ok = Flezha.SDK.Local.run_until_idle(run, 5_000)
:ok = Flezha.SDK.Local.close(run)

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        close(run)

      


        Close the run, delivering what it already released. A run whose starter has
already gone is stopped by that exit; asking again is answered, never raised.



    


    
      
        feed(run, channel, payload)

      


        Feed one value to a declared entry channel: the bytes a controller would
forward, decoded by that channel's own parser. A value that is not a binary
is encoded as an output with no serializer of its own encodes it. Refuses a
name the declaration does not carry as an entry.



    


    
      
        on_output(run, channel, fun)

      


        Deliver every value released on the output channel to fun, in release
order. Refuses a name the declaration does not carry as an output.



    


    
      
        run_until_idle(run, budget_ms)

      


        Block until the graph has nothing left to do and every value it released
has been delivered, or budget_ms elapses — which is reported rather than
passed off as done.



    


    
      
        start(module, opts \\ [])

      


        Start module's declared graph in this process. Refuses a declaration the
core refuses, and one that asks for something only a controller can answer.
:relay_id names the run (default "<factory_id>-local").



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      close(run)



        
          
        

    

  


  

      

          @spec close(pid()) :: :ok


      


Close the run, delivering what it already released. A run whose starter has
already gone is stopped by that exit; asking again is answered, never raised.

  



  
    
      
    
    
      feed(run, channel, payload)



        
          
        

    

  


  

      

          @spec feed(pid(), String.t(), term()) :: :ok | {:error, Flezha.SDK.Error.t()}


      


Feed one value to a declared entry channel: the bytes a controller would
forward, decoded by that channel's own parser. A value that is not a binary
is encoded as an output with no serializer of its own encodes it. Refuses a
name the declaration does not carry as an entry.

  



  
    
      
    
    
      on_output(run, channel, fun)



        
          
        

    

  


  

      

          @spec on_output(pid(), String.t(), (Flezha.SDK.Local.Output.t() -> any())) ::
  :ok | {:error, Flezha.SDK.Error.t()}


      


Deliver every value released on the output channel to fun, in release
order. Refuses a name the declaration does not carry as an output.

  



  
    
      
    
    
      run_until_idle(run, budget_ms)



        
          
        

    

  


  

      

          @spec run_until_idle(pid(), non_neg_integer()) :: :ok | {:error, Flezha.SDK.Error.t()}


      


Block until the graph has nothing left to do and every value it released
has been delivered, or budget_ms elapses — which is reported rather than
passed off as done.

  



    

  
    
      
    
    
      start(module, opts \\ [])



        
          
        

    

  


  

      

          @spec start(module(), keyword()) :: {:ok, pid()} | {:error, Flezha.SDK.Error.t()}


      


Start module's declared graph in this process. Refuses a declaration the
core refuses, and one that asks for something only a controller can answer.
:relay_id names the run (default "<factory_id>-local").

  


        

      


  

    
Flezha.SDK.Local.Output 
    



      
One value a graph released on a declared output, carrying the bytes the
output's serializer produced and the metadata a deployed run would have put
on the wire: on a keyed/1 output the flz.cell, flz.seq and flz.key
stamps.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Flezha.SDK.Local.Output{
  channel: String.t(),
  metadata: map(),
  payload: binary()
}


      



  


        

      


  

    
Flezha.SDK.Merge 
    



      
A merged subscription under construction, built by Flezha.SDK.ChannelBuilder.merge/1:
one tasklet fed by two or more source streams, each with the mapping that
lifts its value into the merged input.
c
|> merge()
|> from(ticks, &{:tick, &1})
|> from(quotes, &{:quote, &1})
|> key_by(&symbol_of/1)
|> into(Detector)
Every step is Flezha.SDK.ChannelBuilder', dispatching on the handle it receives,
so one import writes a whole pipe. This module is the handle they carry
between them: the sources recorded so far, each already mapped, and the key
the merged node is declared on. Every source the author wrote reaches the
record, a repeated one included; flz_core's check is what names
MergeTooFewSources and DuplicateMergeSource.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Flezha.SDK.Merge{
  builder: reference(),
  keys: [(term() -> term())],
  sources: [Flezha.SDK.Stream.t()]
}


      



  


        

      


  

    
Flezha.SDK.Relay behaviour
    



      
A relay class, declared with use (see __using__/1), which defines
this behaviour's zero-arity callbacks from its options and imports the channel
builder. The author writes the graph in channels/1, a DAG of Tasklets,
Channels and Cells, or the one tasklet's run/3 of the §5 short form.
One settings tree says how the class runs and where its work is kept:
use Flezha.SDK.Relay,
  factory_id: "checkout",
  run: {:steps, each: :chained, on_failure: :keep_progress},
  durable: {:local, sleep_after: 60_000},
  description: "reserve, charge, ship",
  max_duration_ms: 600_000
run is one of:
	:flow (the default), or {:flow, exactly: exactly}, where exactly is
:at_least_once (the default), :effectively_once or
{:effectively_once, ack: ack, correction_ms: ms, beyond_window: :drop}
(beyond_window defaults to :process_as_arrival), and ack is
:per_input (the default), :checkpoint or
{:checkpoint, every: n, max_delay_ms: ms, outputs: :at_checkpoint}
(outputs defaults to :as_produced);
	:steps, or {:steps, each: each, on_failure: on_failure}, where each
is :once (the default), :per_input or :chained, and on_failure is
:undo_all (the default) or :keep_progress.

durable is false (in memory: a crash starts over), :local (the
default, on the controller's disk) or :remote (in the remote copy before a
commit point is acknowledged, for a class that runs in steps), each of the
last two optionally written {:local, sleep_after: ms}: an instance idle
that long sleeps and wakes on its next message with its Cells restored.
sleep_after defaults by the run: a flow instance never sleeps, a steps
instance sleeps after six hours; false never sleeps. A finished instance
keeps nothing unless the level says keep_finished: hours, or true for
the controller's window (72 hours by default), so
flz relay info can still show its Cells and result.
The core judges the tree when the class is registered: a setting written
under a parent that does not carry it is refused as topology.unknown_field
naming the setting and the parent, and a value outside its choices as
topology.invalid_setting, whether use or hand-written callbacks
(@behaviour Flezha.SDK.Relay) answer the tree.
A tasklet of either run ends its instance with complete/2: a flow
instance runs what its Cells already hold to its outputs first.
max_duration_ms is a wall-clock stop for either run.

      


      
        Summary


  
    Callbacks
  


    
      
        channels(t)

      


        Declare the graph on the channel builder. A class that runs in steps runs
it in topological order: each entry channel roots a chain, a message runs
only the chain of the channel it arrived on, and a tasklet becomes runnable
once every producer feeding it in that chain has committed.



    


    
      
        description()

      


        Optional human description.



    


    
      
        durable()

      


        Where the class keeps its work: false, :local or :remote, with its members.



    


    
      
        factory_id()

      


        Stable, controller-facing factory identifier.



    


    
      
        max_duration_ms()

      


        Wall-clock stop in milliseconds, for either run.



    


    
      
        run()

      


        How the class runs: :flow or :steps, with its members.



    





  
    Functions
  


    
      
        __using__(opts)

      


        Write a relay as a declaration rather than as one-line callbacks.



    





      


      
        Callbacks


        


  
    
      
    
    
      channels(t)



        
          
        

    

  


  

      

          @callback channels(Flezha.SDK.ChannelBuilder.t()) :: any()


      


Declare the graph on the channel builder. A class that runs in steps runs
it in topological order: each entry channel roots a chain, a message runs
only the chain of the channel it arrived on, and a tasklet becomes runnable
once every producer feeding it in that chain has committed.

  



  
    
      
    
    
      description()


        (optional)


        
          
        

    

  


  

      

          @callback description() :: String.t()


      


Optional human description.

  



  
    
      
    
    
      durable()


        (optional)


        
          
        

    

  


  

      

          @callback durable() :: term()


      


Where the class keeps its work: false, :local or :remote, with its members.

  



  
    
      
    
    
      factory_id()



        
          
        

    

  


  

      

          @callback factory_id() :: String.t()


      


Stable, controller-facing factory identifier.

  



  
    
      
    
    
      max_duration_ms()


        (optional)


        
          
        

    

  


  

      

          @callback max_duration_ms() :: pos_integer()


      


Wall-clock stop in milliseconds, for either run.

  



  
    
      
    
    
      run()


        (optional)


        
          
        

    

  


  

      

          @callback run() :: term()


      


How the class runs: :flow or :steps, with its members.

  


        

      

      
        Functions


        


  
    
      
    
    
      __using__(opts)


        (macro)


        
          
        

    

  


  

Write a relay as a declaration rather than as one-line callbacks.
use Flezha.SDK.Relay, factory_id: "market"

@impl true
def channels(c) do
  c |> input("trades") |> into(Candle) |> output("candles")
end
factory_id is required; description, max_duration_ms, run and
durable are optional, and only the options written define anything, so
a default stays where settings/1 resolves it. channels/1 takes an
argument and stays a def the author writes. An unknown option is a
CompileError naming it; the tree itself is judged at registration.
Flezha.SDK.ChannelBuilder is imported, so a whole pipe, a merge included, is
written with no module prefix.
The §5 short form
A module that writes its one tasklet's run/3 instead of channels/1 is
a whole single-tasklet relay:
use Flezha.SDK.Relay, factory_id: "upcase", output: "out", input: "words"

def run(input, state, ctx) do
  emit(ctx, String.upcase(input))
  {:ok, state}
end
It generates the tasklet module Upcase.Tasklet, whose name/0 is the
factory id and which delegates to this module's tasklet callbacks, and a
channels/1 wiring the entry channel (input:, "input" when absent, read
by codec: as Flezha.SDK.ChannelBuilder.input/3 reads it) into it and, with
output:, it to that plugin channel. With no output: nothing
leaves the tasklet but its state. run/3 is written as in a tasklet, with
the ctx functions and a state do ... end block available; the options
use Flezha.SDK.Tasklet takes (max_cells:, logical_clock:, ...) apply
to the generated tasklet, and the class settings to the class, as in the
full form. Writing run/3 and channels/1 both is a CompileError
beginning topology.short_form_with_topology, and writing neither is one
naming both.

  


        

      


  

    
Flezha.SDK.Response 
    



      
One outcome of a Flezha.SDK.ChannelBuilder.call/3, as its Response channel
delivers it: the request the call end wrote (its bytes), the result
({:ok, answer} with the answer read by the call's decode:, or
{:error, %Flezha.SDK.Error{}}, a missed deadline being call.timeout),
the callee's instance id as target, and created, true when this call
started the callee.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(payload, decode)

      


        The Response a controller's envelope carries, read by the core's decoder.
decode reads the answer's bytes as an input_with/3 parser does. A
payload that is no envelope is {:error, %Flezha.SDK.Error{}} with the code
call.malformed_response.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Flezha.SDK.Response{
  created: boolean(),
  request: binary(),
  result: {:ok, term()} | {:error, Flezha.SDK.Error.t()},
  target: String.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(payload, decode)



        
          
        

    

  


  

      

          @spec decode(binary(), (binary() -> {:ok, term()} | {:error, term()})) ::
  {:ok, t()} | {:error, term()}


      


The Response a controller's envelope carries, read by the core's decoder.
decode reads the answer's bytes as an input_with/3 parser does. A
payload that is no envelope is {:error, %Flezha.SDK.Error{}} with the code
call.malformed_response.

  


        

      


  

    
Flezha.SDK.RouteLatest 
    



      
The single-cell tasklet Flezha.SDK.ChannelBuilder.route_latest/4 expands to:
every key seen on the traffic stream receives each distinct document once, on
that key's own next traffic item, as a {key, document} pair.
A dynamically keyed tasklet cannot receive a broadcast, and fanning a
document out over a remembered key set would emit keys a partitioned member
may no longer own. Delivering on the key's own traffic emits only keys that
traffic just proved this member owns, at the price of one tick of latency per
key. A key never seen in traffic receives nothing.
The document is opaque: retained and compared with ==, never parsed. One
equal to the retained document is inert; a different one replaces it and
bumps the version, so every key is owed a delivery again. The state
%{document, version, delivered} rides the change journal like any
tasklet's.

      




  

    
Flezha.SDK.Spawn 
    



      
Tasklet-requested spawn of a steps instance: the request a tasklet makes
with Flezha.SDK.Ctx.spawn_steps/4, the handle it gets back at once, and
what the controller's answer resolves to.
The request is flz_core's, made from the invocation's live activation, and
the handle is the core's: it is read inside the invocation that made it, and
released when that invocation's activation completes. A failure nobody read
is logged once by the core. Nothing here faults the invocation: every
refusal resolves the handle. The contract is docs/public/topics/core/workflows.md.

      


      
        Summary


  
    Types
  


    
      
        if_running()

      


        What a running instance id gets: the payload, or already_running.



    


    
      
        option()

      


        id: names the instance; without it the controller generates one and the
request always starts a new instance. if_running: needs an id: (the core
refuses it without one, spawn.if_running_without_id) and defaults to
:deliver.



    


    
      
        result()

      


        What a handle resolves to: the instance reached, or the refusal, carrying
the controller's own code (relay.already_running, relay.factory_unknown,
...) or the core's (spawn.timeout, spawn.unavailable).



    


    
      
        t()

      


        A request's handle: the core's handle number, or the result known without
asking (a refusal at the call).



    





  
    Functions
  


    
      
        await(handle, timeout \\ Knob.get(:sdk_spawn_reply_ms))

      


        Wait for the answer, up to timeout milliseconds; spawn.timeout when
nothing arrived.



    


    
      
        try_result(handle)

      


        The answer if it has arrived, else :pending, without waiting.



    





      


      
        Types


        


  
    
      
    
    
      if_running()



        
          
        

    

  


  

      

          @type if_running() :: :deliver | :error


      


What a running instance id gets: the payload, or already_running.

  



  
    
      
    
    
      option()



        
          
        

    

  


  

      

          @type option() :: {:id, String.t()} | {:if_running, if_running()}


      


id: names the instance; without it the controller generates one and the
request always starts a new instance. if_running: needs an id: (the core
refuses it without one, spawn.if_running_without_id) and defaults to
:deliver.

  



  
    
      
    
    
      result()



        
          
        

    

  


  

      

          @type result() ::
  {:ok, %{id: String.t(), outcome: :spawned | :delivered | :skipped_on_replay}}
  | {:error, Flezha.SDK.Error.t()}


      


What a handle resolves to: the instance reached, or the refusal, carrying
the controller's own code (relay.already_running, relay.factory_unknown,
...) or the core's (spawn.timeout, spawn.unavailable).

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Flezha.SDK.Spawn{
  core: term(),
  factory_id: term(),
  handle: term(),
  instance_id: term(),
  result: term()
}


      


A request's handle: the core's handle number, or the result known without
asking (a refusal at the call).

  


        

      

      
        Functions


        


    

  
    
      
    
    
      await(handle, timeout \\ Knob.get(:sdk_spawn_reply_ms))



        
          
        

    

  


  

      

          @spec await(t(), non_neg_integer()) :: result()


      


Wait for the answer, up to timeout milliseconds; spawn.timeout when
nothing arrived.

  



  
    
      
    
    
      try_result(handle)



        
          
        

    

  


  

      

          @spec try_result(t()) :: result() | :pending


      


The answer if it has arrived, else :pending, without waiting.

  


        

      


  

    
Flezha.SDK.State 
    



      
The state block and defchange: §3's change derivation, in Elixir.
Declared state is mutated only through declared changes, because the change
log IS how a cell is rebuilt. A state block declares the fields and their
defaults, and defchange writes each change once:
use Flezha.SDK.Tasklet, name: "position"

state do
  field :qty, :integer, default: 0
  field :fill_ids, :list, default: []
end

defchange record_fill(state, qty, id) do
  %{state | qty: state.qty + qty, fill_ids: [id | state.fill_ids]}
end
The block generates init_state/1 (the map of defaults, overridable) and
state_from_json/1 (each field read by its string key, falling back to its
default). It generates no change.
defchange name(state, args…) do body end is the one way to change state,
in a module with or without a block: it is written once and generated into
both halves — the apply_change(state, {:name, args…}) clause and the
recorder name(state, ctx, args…), which journals the change through
Flezha.SDK.Ctx.apply/3 and answers the new state — so a mutation spanning
several fields is one journal record. A module with no defchange exports
no apply_change/2 and is changeless.
A module that uses Flezha.SDK.Tasklet or a relay macro and writes
apply_change/2 by hand fails to compile, directing the author to
defchange; a hand-written apply_change/2 belongs to the reference form,
@behaviour Flezha.SDK.Tasklet. A block beside a hand-written
state_from_json/1 fails to compile too: the block owns it.
§3.1's keyed-map and deque modes are deferred for Elixir; this block carries
the field and :list modes only. Renaming or retyping a field is a
non-additive state edit and takes a schema-version bump, as §3.0 says for
every SDK.

      


      
        Summary


  
    Functions
  


    
      
        defchange(arg, list)

      


        A hand-written change: one body, generated into the fold and the recorder, so
a mutation spanning several fields is one journal record.



    


    
      
        field(name, type, opts)

      


        One state field: a name, one of :integer, :float, :string, :boolean,
:list, :map or :term, and a default:.



    


    
      
        state(list)

      


        Declare the fields a cell's state carries. See the module doc.



    





      


      
        Functions


        


  
    
      
    
    
      defchange(arg, list)


        (macro)


        
          
        

    

  


  

A hand-written change: one body, generated into the fold and the recorder, so
a mutation spanning several fields is one journal record.

  



  
    
      
    
    
      field(name, type, opts)


        (macro)


        
          
        

    

  


  

One state field: a name, one of :integer, :float, :string, :boolean,
:list, :map or :term, and a default:.

  



  
    
      
    
    
      state(list)


        (macro)


        
          
        

    

  


  

Declare the fields a cell's state carries. See the module doc.

  


        

      


  

    
Flezha.SDK.Stream 
    



      
A builder-scoped stream handle. Carries the channel it flows from and the
chain it is currently appending links to; the links themselves live in the
builder's record, so the handle is a cursor and nothing more. Immutable:
reusing a handle in two into/output calls fans out, and a handle with no
chain yet opens a fresh one. Valid only inside channels/1.

      


      
        Summary


  
    Types
  


    
      
        source()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      source()



        
          
        

    

  


  

      

          @type source() :: {:entry, String.t()} | {:node, reference()}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Flezha.SDK.Stream{
  builder: reference(),
  chain_id: reference() | nil,
  source: source()
}


      



  


        

      


  

    
Flezha.SDK.Tasklet behaviour
    



      
A tasklet: one processing stage of a relay's graph, run once per
input and declared with use.
defmodule Echo do
  use Flezha.SDK.Tasklet, name: "echo"

  @impl true
  def run(input, state, ctx) do
    emit(ctx, "echo: " <> input)
    {:ok, state}
  end
end
use declares this behaviour, defines name/0 and the zero-arity callbacks
its options name, imports the ctx functions, and makes available a state
block, which writes init_state/1 and state_from_json/1, and defchange,
the one way to change state (Flezha.SDK.State); see __using__/1. The
author writes run/3 and any other callback that takes arguments, each
under @impl true.
Callbacks. Mandatory: name/0, init_state/1 (the cell key or nil; use
answers nil for a module that declares no state), run/3 (input, state,
ctx) returning
{:ok, new_state} | {:error, reason} | {:error, {:non_retryable, reason}}.
Optional, with defaults: cell_keys/0 (static keyset, []; a keyset is
refused as topology.cells_for_missing without cells_for/1, which names
the keys an input routes to),
mailbox_capacity/0 (1024, env FLEZHA_MAILBOX_CAPACITY, range 1..=1_048_576),
max_cells/0 (100_000 — the cap on a dynamic node's live Cells; at it
a new key's input is dropped and counted), idle_ttl_seconds/0 (nil — a
dynamic Cell idle past that many whole seconds is evicted destructively by
its Relay's sweep; nil never evicts). Dynamic typing collapses the Rust
type tokens — Input/Output/State are plain terms.
Persistence: a tasklet that exports apply_change/2 is changeful — its
state is rebuilt by folding recorded changes. In the use form each
defchange generates one fold clause and its recorder; without one the
tasklet is the reference's NoChange: its state is a plain term nothing
persists. compact_after_bytes/0 (8 MiB) is the per-Cell WAL
size at which the controller solicits a snapshot; state_from_json/1 turns
a JSON object read back from the controller (a migration, init_values)
into this tasklet's state term, the object itself by default.
Schema: schema_version/0 (1) is stamped on every record and resolved per
record on restore against min_readable_schema_version/0 (the version
itself); a record between the floor and the version is handed to
migrate_state/2 (a snapshot) or migrate_change/2 (a change) with the
stamped version and the DECODED term — this SDK's body codec is the
language's own — answering {:ok, term} at the running version or
{:error, reason}. Both default to refusing, so a floor declared without
its migration fails at the first old record.
Time: the clock Flezha.SDK.Ctx.now/1 serves follows from what the tasklet
writes — event time when it defines event_time/1 (what that answers for
the input), the logical clock (the Cell's durable change seq) when
logical_clock/0 answers true, the epoch millisecond at dispatch entry
otherwise. A logical clock on a changeless tasklet is refused at
registration as topology.unservable_clock, and both clocks at once as topology.two_clocks,
which the use form refuses at compile time instead. Timers:
on_timer/3 (a Flezha.SDK.TimerFiring, the state, a ctx) answers
what run/3 answers and is what a timer registered through the ctx fires
into; max_timers_per_cell/0 (10_000) bounds a Cell's pending set, and an
item whose registrations pass it fails, not retried, when the core settles it.
Saga: compensate/3 (the outputs the Cell released, the state, a ctx) is
the undo a steps relay runs, in reverse completion order, when it
unwinds after partial progress. A tasklet declaring none has nothing to
undo. A crash-resumed unwind reconstructs completed stages with EMPTY
outputs — a tasklet's collected output was never durable — so a hook that
records an undo must do so unconditionally rather than from what it is
handed.
The reference form
A module may instead write @behaviour Flezha.SDK.Tasklet and every
callback by hand, name/0 included, recording a change through its own
apply_change/2 and Flezha.SDK.Ctx.apply/3. It registers and runs as a
use module does; the use form refuses a hand-written apply_change/2.

      


      
        Summary


  
    Types
  


    
      
        run_result()

      


    


    
      
        state()

      


    





  
    Callbacks
  


    
      
        apply_change(state, change)

      


    


    
      
        cell_keys()

      


    


    
      
        cells_for(input)

      


    


    
      
        compact_after_bytes()

      


    


    
      
        compensate(outputs, state, t)

      


    


    
      
        event_time(input)

      


    


    
      
        idle_ttl_seconds()

      


    


    
      
        init_state(cell_key)

      


    


    
      
        logical_clock()

      


    


    
      
        mailbox_capacity()

      


    


    
      
        max_cells()

      


    


    
      
        max_timers_per_cell()

      


    


    
      
        migrate_change(from_version, old_change)

      


    


    
      
        migrate_state(from_version, old_state)

      


    


    
      
        min_readable_schema_version()

      


    


    
      
        name()

      


    


    
      
        on_timer(t, state, t)

      


    


    
      
        run(input, state, t)

      


    


    
      
        schema_version()

      


    


    
      
        state_from_json(map)

      


    





  
    Functions
  


    
      
        __using__(opts)

      


        Write a tasklet as a declaration rather than as nine one-line callbacks.



    


    
      
        cell_keys(module)

      


        Static cell keyset ([] unless the tasklet overrides cell_keys/0).



    


    
      
        changeful?(module)

      


        Whether the tasklet journals — it exports apply_change/2.



    


    
      
        clock(module)

      


        The clock the tasklet runs on, from what it writes: :event_time when it
exports event_time/1, :logical when logical_clock/0 answers true,
:wall otherwise.



    


    
      
        compact_after_bytes(module)

      


        Per-Cell WAL size at which the controller solicits a snapshot (8 MiB unless overridden).



    


    
      
        compensates?(module)

      


        Whether this tasklet declares a saga undo hook. A steps relay that unwinds
runs compensate/3 on every Cell whose tasklet completed forward; a
tasklet declaring none simply has nothing to undo.



    


    
      
        default_compact_after_bytes()

      


        The compaction threshold a class need not declare.



    


    
      
        idle_ttl_ms(module)

      


        The idle window after which a dynamic Cell is evicted, in milliseconds: the
declared idle_ttl_seconds/0 times 1 000; nil (the default) never evicts.



    


    
      
        logical_clock?(module)

      


        Whether the tasklet declares the logical clock — logical_clock/0 answers true.



    


    
      
        mailbox_capacity(module)

      


        Per-Cell mailbox capacity as declared: the overridden callback, else the env,
else 1024. The core refuses a capacity outside its range by name.



    


    
      
        max_cells(module)

      


        Cap on live dynamic cells (default 100_000).



    


    
      
        max_timers_per_cell(module)

      


        Cap on a Cell's pending timers, or nil for the core's 10_000.



    


    
      
        migrate_change(module, from, old)

      


        A change stamped from as the running version's change; :undeclared without a migration.



    


    
      
        migrate_state(module, from, old)

      


        A snapshot stamped from as the running version's state; :undeclared without a migration.



    


    
      
        min_readable_schema_version(module)

      


        The oldest schema version the tasklet reads (its own unless declared).



    


    
      
        on_timer?(module)

      


        Whether the tasklet handles a firing — it exports on_timer/3.



    


    
      
        retired_callbacks(module)

      


        The retired callbacks a module exports, each with what replaced it.



    


    
      
        schema_version(module)

      


        The schema version stamped on the tasklet's records (1 unless declared).



    


    
      
        state_from_json(module, json)

      


        A JSON object read back from the controller as this tasklet's state term.



    





      


      
        Types


        


  
    
      
    
    
      run_result()



        
          
        

    

  


  

      

          @type run_result() ::
  {:ok, state()} | {:error, term()} | {:error, {:non_retryable, term()}}


      



  



  
    
      
    
    
      state()



        
          
        

    

  


  

      

          @type state() :: term()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      apply_change(state, change)


        (optional)


        
          
        

    

  


  

      

          @callback apply_change(state(), change :: term()) :: state()


      



  



  
    
      
    
    
      cell_keys()


        (optional)


        
          
        

    

  


  

      

          @callback cell_keys() :: [String.t()]


      



  



  
    
      
    
    
      cells_for(input)


        (optional)


        
          
        

    

  


  

      

          @callback cells_for(input :: term()) :: [String.t()]


      



  



  
    
      
    
    
      compact_after_bytes()


        (optional)


        
          
        

    

  


  

      

          @callback compact_after_bytes() :: pos_integer()


      



  



  
    
      
    
    
      compensate(outputs, state, t)


        (optional)


        
          
        

    

  


  

      

          @callback compensate(outputs :: [term()], state(), Flezha.SDK.Ctx.t()) :: run_result()


      



  



  
    
      
    
    
      event_time(input)


        (optional)


        
          
        

    

  


  

      

          @callback event_time(input :: term()) :: non_neg_integer()


      



  



  
    
      
    
    
      idle_ttl_seconds()


        (optional)


        
          
        

    

  


  

      

          @callback idle_ttl_seconds() :: pos_integer() | nil


      



  



  
    
      
    
    
      init_state(cell_key)



        
          
        

    

  


  

      

          @callback init_state(cell_key :: String.t() | nil) :: state()


      



  



  
    
      
    
    
      logical_clock()


        (optional)


        
          
        

    

  


  

      

          @callback logical_clock() :: boolean()


      



  



  
    
      
    
    
      mailbox_capacity()


        (optional)


        
          
        

    

  


  

      

          @callback mailbox_capacity() :: pos_integer()


      



  



  
    
      
    
    
      max_cells()


        (optional)


        
          
        

    

  


  

      

          @callback max_cells() :: pos_integer()


      



  



  
    
      
    
    
      max_timers_per_cell()


        (optional)


        
          
        

    

  


  

      

          @callback max_timers_per_cell() :: pos_integer()


      



  



  
    
      
    
    
      migrate_change(from_version, old_change)


        (optional)


        
          
        

    

  


  

      

          @callback migrate_change(from_version :: pos_integer(), old_change :: term()) ::
  {:ok, term()} | {:error, term()}


      



  



  
    
      
    
    
      migrate_state(from_version, old_state)


        (optional)


        
          
        

    

  


  

      

          @callback migrate_state(from_version :: pos_integer(), old_state :: term()) ::
  {:ok, state()} | {:error, term()}


      



  



  
    
      
    
    
      min_readable_schema_version()


        (optional)


        
          
        

    

  


  

      

          @callback min_readable_schema_version() :: pos_integer()


      



  



  
    
      
    
    
      name()



        
          
        

    

  


  

      

          @callback name() :: String.t()


      



  



  
    
      
    
    
      on_timer(t, state, t)


        (optional)


        
          
        

    

  


  

      

          @callback on_timer(Flezha.SDK.TimerFiring.t(), state(), Flezha.SDK.Ctx.t()) ::
  run_result()


      



  



  
    
      
    
    
      run(input, state, t)



        
          
        

    

  


  

      

          @callback run(input :: term(), state(), Flezha.SDK.Ctx.t()) :: run_result()


      



  



  
    
      
    
    
      schema_version()


        (optional)


        
          
        

    

  


  

      

          @callback schema_version() :: pos_integer()


      



  



  
    
      
    
    
      state_from_json(map)


        (optional)


        
          
        

    

  


  

      

          @callback state_from_json(map()) :: state()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      __using__(opts)


        (macro)


        
          
        

    

  


  

Write a tasklet as a declaration rather than as nine one-line callbacks.
use Flezha.SDK.Tasklet, name: "position", max_cells: 50_000

@impl true
def run(_input, state, _ctx), do: {:ok, state}
name is required. Every other option is one of the zero-arity callbacks
above, under its own name, and only the options written define anything:
a module that does not write mailbox_capacity exports none, so
FLEZHA_MAILBOX_CAPACITY still decides its mailbox. Callbacks that take
arguments — run/3, cells_for/1, event_time/1, on_timer/3,
compensate/3, migrate_state/2, migrate_change/2 — stay defs the
author writes. An unknown option is a CompileError naming it.
idle_ttl_seconds takes a positive integer and logical_clock a boolean,
any other value being a CompileError; defining event_time/1 beside
logical_clock: true is one too, naming both.
state do field … end and defchange are available here too; see
Flezha.SDK.State. A module with neither a state block nor its own
init_state/1 gets def init_state(_), do: nil, so a stateless tasklet
writes only run/3. apply_change/2 is not written by hand here:
defchange generates it.
output and input describe a relay, not a tasklet, and are a
CompileError naming the relay macro: the §5 short form is written
with use Flezha.SDK.Relay.
Nesting
A tasklet nested inside a relay module inherits that module's imports
lexically, so use writes import Flezha.SDK.ChannelBuilder, only: [] to take
input/2 and output/2 back — a nested tasklet defining its own input/0
would otherwise clash. A nested tasklet must be written before the
channels/1 that names it, which is how Elixir aliases resolve.

  



  
    
      
    
    
      cell_keys(module)



        
          
        

    

  


  

Static cell keyset ([] unless the tasklet overrides cell_keys/0).

  



  
    
      
    
    
      changeful?(module)



        
          
        

    

  


  

      

          @spec changeful?(module()) :: boolean()


      


Whether the tasklet journals — it exports apply_change/2.

  



  
    
      
    
    
      clock(module)



        
          
        

    

  


  

      

          @spec clock(module()) :: :wall | :logical | :event_time


      


The clock the tasklet runs on, from what it writes: :event_time when it
exports event_time/1, :logical when logical_clock/0 answers true,
:wall otherwise.

  



  
    
      
    
    
      compact_after_bytes(module)



        
          
        

    

  


  

      

          @spec compact_after_bytes(module()) :: pos_integer()


      


Per-Cell WAL size at which the controller solicits a snapshot (8 MiB unless overridden).

  



  
    
      
    
    
      compensates?(module)



        
          
        

    

  


  

      

          @spec compensates?(module()) :: boolean()


      


Whether this tasklet declares a saga undo hook. A steps relay that unwinds
runs compensate/3 on every Cell whose tasklet completed forward; a
tasklet declaring none simply has nothing to undo.

  



  
    
      
    
    
      default_compact_after_bytes()



        
          
        

    

  


  

      

          @spec default_compact_after_bytes() :: pos_integer()


      


The compaction threshold a class need not declare.

  



  
    
      
    
    
      idle_ttl_ms(module)



        
          
        

    

  


  

      

          @spec idle_ttl_ms(module()) :: pos_integer() | nil


      


The idle window after which a dynamic Cell is evicted, in milliseconds: the
declared idle_ttl_seconds/0 times 1 000; nil (the default) never evicts.

  



  
    
      
    
    
      logical_clock?(module)



        
          
        

    

  


  

      

          @spec logical_clock?(module()) :: boolean()


      


Whether the tasklet declares the logical clock — logical_clock/0 answers true.

  



  
    
      
    
    
      mailbox_capacity(module)



        
          
        

    

  


  

Per-Cell mailbox capacity as declared: the overridden callback, else the env,
else 1024. The core refuses a capacity outside its range by name.

  



  
    
      
    
    
      max_cells(module)



        
          
        

    

  


  

Cap on live dynamic cells (default 100_000).

  



  
    
      
    
    
      max_timers_per_cell(module)



        
          
        

    

  


  

      

          @spec max_timers_per_cell(module()) :: pos_integer() | nil


      


Cap on a Cell's pending timers, or nil for the core's 10_000.

  



  
    
      
    
    
      migrate_change(module, from, old)



        
          
        

    

  


  

      

          @spec migrate_change(module(), pos_integer(), term()) ::
  {:ok, term()} | {:error, term()} | :undeclared


      


A change stamped from as the running version's change; :undeclared without a migration.

  



  
    
      
    
    
      migrate_state(module, from, old)



        
          
        

    

  


  

      

          @spec migrate_state(module(), pos_integer(), term()) ::
  {:ok, state()} | {:error, term()} | :undeclared


      


A snapshot stamped from as the running version's state; :undeclared without a migration.

  



  
    
      
    
    
      min_readable_schema_version(module)



        
          
        

    

  


  

      

          @spec min_readable_schema_version(module()) :: pos_integer()


      


The oldest schema version the tasklet reads (its own unless declared).

  



  
    
      
    
    
      on_timer?(module)



        
          
        

    

  


  

      

          @spec on_timer?(module()) :: boolean()


      


Whether the tasklet handles a firing — it exports on_timer/3.

  



  
    
      
    
    
      retired_callbacks(module)



        
          
        

    

  


  

      

          @spec retired_callbacks(module()) :: [{String.t(), String.t()}]


      


The retired callbacks a module exports, each with what replaced it.

  



  
    
      
    
    
      schema_version(module)



        
          
        

    

  


  

      

          @spec schema_version(module()) :: pos_integer()


      


The schema version stamped on the tasklet's records (1 unless declared).

  



  
    
      
    
    
      state_from_json(module, json)



        
          
        

    

  


  

      

          @spec state_from_json(module(), map()) :: state()


      


A JSON object read back from the controller as this tasklet's state term.

  


        

      


  

    
Flezha.SDK.TaskletTestHarness 
    



      
Run one tasklet as the dispatcher runs it, with no controller and no relay.
h = TaskletTestHarness.new(Counter)
{%{result: :ok, outputs: ["a=3"]}, h} = TaskletTestHarness.feed(h, "a:3")
assert TaskletTestHarness.state(h) == %{value: 3}
assert TaskletTestHarness.replay_equals(h) == :ok
Each call takes the harness and answers the next one beside what the
invocation produced: a Flezha.SDK.TaskletTestHarness.Outcome. An invocation
that fails changes nothing, as a live one is discarded.
now/1 is feed/3's now: when given, else what the declared clock reads:
the input's event_time/1, the change count under logical_clock, 0
otherwise; inside a firing it is the scheduled time. The harness keeps the
pending timers as one set per kind, as the core does; it does not judge them
(the cap and the clock rule are the core's, when an item settles). An
effect/4 name is judged by the core: an over-long one answers
effect.bad_name; a well-formed one answers effect.outside_invocation,
since keeping an outside call's result needs a live activation
(Flezha.SDK.Local runs one).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        advance_event_time(h, to)

      


        Fire each pending event-time timer at or before to, earliest first; what a
firing registers or cancels counts, as it does live.



    


    
      
        feed(h, value, opts \\ [])

      


        Run run/3 against value. Options: now: (the clock's value for this
input) and replay: true (the input is replayed).



    


    
      
        fire_timer(h, kind, at)

      


        Fire the kind timer scheduled at at, pending or not, through
on_timer/3; a tasklet without it answers the non-retryable error a live
firing parks with.



    


    
      
        new(module, opts \\ [])

      


        A harness for the tasklet module on one Cell. Options: cell_key: (default
nil, a Single Cell) and state: (default init_state/1 of the key).



    


    
      
        replay_equals(h)

      


        Fold every recorded change through apply_change/2 from the initial state:
:ok when it rebuilds the live state, else {:mismatch, live, replayed}.
A mismatch is an apply_change/2 that is not a pure fold, or a state
changed without a recorded change.



    


    
      
        state(tasklet_test_harness)

      


        The Cell's state, as the recorded invocations left it.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Flezha.SDK.TaskletTestHarness{
  cell_key: term(),
  initial: term(),
  log: term(),
  module: term(),
  state: term(),
  timers: term()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      advance_event_time(h, to)



        
          
        

    

  


  

      

          @spec advance_event_time(t(), non_neg_integer()) ::
  {[Flezha.SDK.TaskletTestHarness.Outcome.t()], t()}


      


Fire each pending event-time timer at or before to, earliest first; what a
firing registers or cancels counts, as it does live.

  



    

  
    
      
    
    
      feed(h, value, opts \\ [])



        
          
        

    

  


  

      

          @spec feed(t(), term(), keyword()) :: {Flezha.SDK.TaskletTestHarness.Outcome.t(), t()}


      


Run run/3 against value. Options: now: (the clock's value for this
input) and replay: true (the input is replayed).

  



  
    
      
    
    
      fire_timer(h, kind, at)



        
          
        

    

  


  

      

          @spec fire_timer(t(), Flezha.SDK.TimerFiring.kind(), non_neg_integer()) ::
  {Flezha.SDK.TaskletTestHarness.Outcome.t(), t()}


      


Fire the kind timer scheduled at at, pending or not, through
on_timer/3; a tasklet without it answers the non-retryable error a live
firing parks with.

  



    

  
    
      
    
    
      new(module, opts \\ [])



        
          
        

    

  


  

      

          @spec new(module(), keyword()) :: t()


      


A harness for the tasklet module on one Cell. Options: cell_key: (default
nil, a Single Cell) and state: (default init_state/1 of the key).

  



  
    
      
    
    
      replay_equals(h)



        
          
        

    

  


  

      

          @spec replay_equals(t()) :: :ok | {:mismatch, term(), term()}


      


Fold every recorded change through apply_change/2 from the initial state:
:ok when it rebuilds the live state, else {:mismatch, live, replayed}.
A mismatch is an apply_change/2 that is not a pure fold, or a state
changed without a recorded change.

  



  
    
      
    
    
      state(tasklet_test_harness)



        
          
        

    

  


  

      

          @spec state(t()) :: term()


      


The Cell's state, as the recorded invocations left it.

  


        

      


  

    
Flezha.SDK.TaskletTestHarness.Outcome 
    



      
What one invocation produced: result (:ok, or the {:error, reason}
run/3 or on_timer/3 answered or raised), the values it emitted, the
changes it recorded and the timer operations it made, in call order.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Flezha.SDK.TaskletTestHarness.Outcome{
  changes: [term()],
  outputs: [term()],
  result: :ok | {:error, term()},
  timers: [
    %{
      kind: Flezha.SDK.TimerFiring.kind(),
      scheduled_at: non_neg_integer(),
      register: boolean()
    }
  ]
}


      



  


        

      


  

    
Flezha.SDK.TimerFiring 
    



      
The firing Flezha.SDK.Tasklet.on_timer/3 receives: the timer's kind and
the scheduled_at timestamp its registration answered, the pair
Flezha.SDK.Ctx.cancel_timer/3 takes.

      


      
        Summary


  
    Types
  


    
      
        kind()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      kind()



        
          
        

    

  


  

      

          @type kind() :: :processing_time | :event_time


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Flezha.SDK.TimerFiring{kind: kind(), scheduled_at: non_neg_integer()}
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