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    Event envelope specification (v1)

Every event Alloy emits to an :on_event callback is wrapped in a
versioned envelope built by Alloy.Events. The envelope is part of
Alloy's protocol surface: anything documented here is something you
can build UIs and pipelines against, and changes to it follow semver.
Anything not documented here (raw payload internals beyond the listed
fields) may change between minor versions.
Where you receive envelopes
	Alloy.stream/3 — pass :on_event in opts; the callback receives
every envelope for the run.
	Alloy.Agent.Server (until its move to alloy_agent) — envelopes are
broadcast over Phoenix.PubSub.
	Alloy.run/2 does not currently accept :on_event — use
Alloy.stream/3 when you need run events.

A lower-level analogue is fired for every envelope via :telemetry as
[:alloy, :event] with measurements %{seq: seq} and metadata
%{v:, event:, correlation_id:, turn:}.
Envelope shape
%{
  v: 1,                     # envelope version — always 1 for this spec
  seq: 42,                  # monotonically increasing within a run, starts at 1
  correlation_id: "req-x",  # identifies the run (see below)
  turn: 3,                  # agent-loop turn the event belongs to
  ts_ms: 1781234567890,     # System.system_time(:millisecond) at emission
  event: :text_delta,       # event type (atom, see catalog)
  payload: "Hello"          # event-specific payload (see catalog)
}
Field guarantees:
	v — version discriminator. Match on it: %{v: 1} = envelope.
	seq — strictly increasing within one run (atomics-backed). Use it
to re-order events that arrive out of order (e.g., over PubSub). Do not
assume contiguity across event types.
	correlation_id — stable for the whole run. Derived with this
precedence: context[:request_id], then context[:correlation_id],
then a generated "<agent_id>:<random>". Set :request_id in the
agent context: to correlate envelopes with your own request IDs.
	turn — the loop turn (1-based) the event was produced in.
	ts_ms — wall-clock emission time. For ordering, prefer seq.

Event catalog
	event	payload	Emitted when
	:text_delta	String.t() — text fragment	streaming providers emit assistant text
	:thinking_delta	String.t() — reasoning fragment	providers with reasoning/thinking blocks stream them
	:tool_start	%{id:, name:, input:}	a tool call begins executing
	:tool_end	%{id:, name:, input:, duration_ms:, error:, start_event_seq:}	a tool call finishes; error is nil on success, a string otherwise; start_event_seq links back to the matching :tool_start envelope
	:runtime_event	term() — the raw event	anything emitted that isn't a recognized tuple; a forward-compatibility escape hatch

Consumers should match on the event atoms they know and ignore the
rest — new event types may be added in minor versions, and unknown raw
events arrive as :runtime_event rather than being dropped.
Pass-through rule
If a payload handed to the event system is already a v1 envelope
(%{v: 1, ...}), it passes through unchanged — sequence numbers and
correlation IDs are not reassigned. This is how tool events keep the
seq allocated at execution time.
Example: consuming events in a LiveView
Alloy.stream(prompt, fn _chunk -> :ok end,
  provider: provider,
  context: %{request_id: socket.assigns.request_id},
  on_event: fn
    %{v: 1, event: :text_delta, payload: text} ->
      send(self(), {:append_text, text})

    %{v: 1, event: :tool_start, payload: %{name: name}} ->
      send(self(), {:tool_running, name})

    %{v: 1, event: :tool_end, payload: %{name: name, error: error}} ->
      send(self(), {:tool_done, name, error})

    %{v: 1} ->
      :ok
  end
)


  

    Alloy Quickstart

Mix.install([
  {:alloy, "~> 0.12"},
  {:kino, "~> 0.14"}
])
What this notebook covers
Alloy is the completion–tool-call loop and nothing else. In ten minutes
you'll run a one-shot agent, give it tools (including one defined inline in
this notebook), stream tokens live, and test an agent without any HTTP.
You need an API key for at least one provider. Set it as a Livebook secret
named ANTHROPIC_API_KEY (or OPENAI_API_KEY / GOOGLE_API_KEY and adjust
the provider tuples below).
provider =
  {Alloy.Provider.Anthropic,
   api_key: System.fetch_env!("LB_ANTHROPIC_API_KEY"),
   model: "claude-haiku-4-5"}
1. One-shot run
Alloy.run/2 is a pure function: messages in, result out. No processes to
start, nothing to supervise.
{:ok, result} = Alloy.run("In one sentence: why is the BEAM good at agents?",
  provider: provider
)

result.text
The result also carries usage and per-call metadata:
{result.usage, result.turns, result.status}
2. Give it a tool
Built-in tools cover files and shell. Alloy.Tool.Core.Read is safe to try
from a notebook:
{:ok, result} = Alloy.run(
  "Read mix.exs in this directory and tell me the Elixir version requirement",
  provider: provider,
  tools: [Alloy.Tool.Core.Read],
  context: %{allowed_paths: [File.cwd!()]}
)

result.text
3. Define a tool inline
Any function becomes a tool with Alloy.Tool.inline/1 — no module needed.
Here's a tool backed by plain Elixir:
word_count =
  Alloy.Tool.inline(
    name: "word_count",
    description: "Count the words in a piece of text",
    input_schema: %{
      type: "object",
      properties: %{text: %{type: "string"}},
      required: ["text"]
    },
    execute: fn %{"text" => text}, _context ->
      {:ok, "#{length(String.split(text))} words"}
    end
  )

{:ok, result} = Alloy.run(
  "Use the word_count tool on this sentence: 'the BEAM runs the loop'",
  provider: provider,
  tools: [word_count]
)

result.text
4. Stream tokens live
Alloy.stream/3 calls your function with each text chunk. With Kino, that's
a live-updating frame:
frame = Kino.Frame.new()
Kino.render(frame)

buffer = :ets.new(:buf, [:public])
:ets.insert(buffer, {:text, ""})

{:ok, _result} = Alloy.stream(
  "Write a haiku about supervision trees",
  fn chunk ->
    [{:text, acc}] = :ets.lookup(buffer, :text)
    text = acc <> chunk
    :ets.insert(buffer, {:text, text})
    Kino.Frame.render(frame, Kino.Markdown.new(text))
  end,
  provider: provider
)

:done
For structured events (tool start/end, thinking deltas), pass :on_event —
see the event envelope spec.
5. Test without HTTP
Alloy.Testing scripts provider responses so agent logic is testable in
pure ExUnit — also handy in a notebook:
import Alloy.Testing

result =
  run_with_responses("Count the words", [
    tool_response("word_count", %{"text" => "one two three"}),
    text_response("There are 3 words.")
  ],
    tools: [word_count]
  )

{result.status, last_text(result)}
Where to go next
	Sub-agents as tools — delegation in ~30 lines
	MCP servers as tools — mount external toolboxes
	Event envelope spec — build UIs on run events
	Alloy.Middleware — block or edit tool calls (human-in-the-loop):ok




  

    Recipe: Sub-agents as tools

Alloy has no sub-agent primitive, on purpose. An agent's "self" is just
Alloy.run/2 — a function call — so a sub-agent is a tool whose execute/2
runs another agent. The whole pattern is ~30 lines, and on the BEAM it comes
with properties most frameworks charge a runtime for: each delegation runs in
a supervised task, crashes are isolated to the tool call, and when the model
requests several delegations in one turn the executor fans them out in
parallel (concurrent?/0).
This mirrors how the leanest coding agents handle delegation: they spawn
another copy of themselves via a shell command rather than shipping a
sub-agent subsystem. Alloy's translation: spawn yourself via function call.
The module below is tested verbatim in
test/alloy/recipes/sub_agent_recipe_test.exs. If the API drifts, that
test fails before this doc lies to you.

The tool
defmodule MyApp.Tools.Delegate do
  @behaviour Alloy.Tool

  @impl true
  def name, do: "delegate"

  @impl true
  def description do
    "Delegate a self-contained task to a focused sub-agent. " <>
      "The sub-agent has read-only file access and returns its final " <>
      "answer as text. Provide the full task description — the " <>
      "sub-agent cannot see this conversation."
  end

  @impl true
  def input_schema do
    %{
      type: "object",
      properties: %{
        task: %{
          type: "string",
          description: "Complete, self-contained task for the sub-agent"
        }
      },
      required: ["task"]
    }
  end

  # Sub-agents are independent — let the executor fan them out in
  # parallel when the model requests several delegations in one turn.
  @impl true
  def concurrent?, do: true

  @impl true
  def execute(%{"task" => task}, context) do
    case Alloy.run(task,
           provider: Map.fetch!(context, :delegate_provider),
           tools: [Alloy.Tool.Core.Read],
           max_turns: 8,
           timeout_ms: 60_000,
           max_budget_cents: 25
         ) do
      {:ok, result} ->
        {:ok, result.text || ""}

      {:error, result} ->
        {:error, "Sub-agent stopped (#{result.status}): #{inspect(result.error)}"}
    end
  end
end
Using it
Pass the sub-agent's provider through context: — typically a cheaper or
faster model than the parent's:
{:ok, result} =
  Alloy.run("Compare the error handling in lib/foo.ex and lib/bar.ex",
    provider: {Alloy.Provider.Anthropic, api_key: key, model: "claude-opus-4-6"},
    tools: [MyApp.Tools.Delegate, Alloy.Tool.Core.Read],
    context: %{
      delegate_provider:
        {Alloy.Provider.Anthropic, api_key: key, model: "claude-haiku-4-5"}
    }
  )
Design notes
Give the sub-agent a narrower toolset than the parent. The example grants
only Read. A sub-agent with Bash or Write multiplies your blast radius;
delegation should reduce capability, not forward it.
Cap everything explicitly. The child run knows nothing about its parent —
parent budget, deadline, and correlation IDs do not propagate. Treat
max_turns, timeout_ms, and max_budget_cents on the child as mandatory,
and remember the parent's own max_budget_cents cannot see tokens spent
inside the child. If you need combined accounting, return result.usage in a
structured tool result and sum in your application.
Recursion. If you give the sub-agent the delegate tool too, you have
unbounded recursion at the model's discretion. Don't — or thread a depth
counter through context: and refuse below zero.
Don't fake a team. One level of delegation with explicit caps covers most
real uses (research, review, summarization of large inputs). If you find
yourself wanting routing, shared state, and inter-agent messaging, you've
outgrown this recipe — build that layer in your application where it belongs.


  

    Recipe: MCP servers as tools

Alloy has no MCP support in core, on purpose. The context-economy argument
is real: a typical MCP server dumps every tool definition into every request —
Playwright's server costs ~13,700 tokens of tool schemas before the
conversation starts. Most Elixir applications also don't need MCP to expose
their own functions to an agent; a plain Alloy.Tool module is cheaper and
type-checked.
When you do need a third-party MCP server, the gateway pattern below wraps it
in one tool definition using
anubis_mcp — so the context cost is a
short tool list, not N full schemas.
Setup
Add the client to your deps and supervision tree:
# mix.exs
{:anubis_mcp, "~> 1.5"}

# application.ex
children = [
  {Anubis.Client,
   name: MyApp.MCPClient,
   transport: {:streamable_http, base_url: "http://localhost:8000"},
   client_info: %{"name" => "MyApp", "version" => "1.0.0"},
   protocol_version: "2025-06-18"}
]
The gateway tool
defmodule MyApp.Tools.MCP do
  @behaviour Alloy.Tool

  @client MyApp.MCPClient

  @impl true
  def name, do: "mcp"

  @impl true
  def description do
    tools =
      for %{"name" => name, "description" => desc} <- cached_tools() do
        "- #{name}: #{String.slice(desc || "", 0, 200)}"
      end

    """
    Call a tool on the connected MCP server. Pass the tool name and its
    arguments. Available tools:

    #{Enum.join(tools, "\n")}
    """
  end

  @impl true
  def input_schema do
    %{
      type: "object",
      properties: %{
        tool: %{type: "string", description: "Name of the MCP tool to call"},
        arguments: %{
          type: "object",
          description: "Arguments for the tool, matching its schema"
        }
      },
      required: ["tool"]
    }
  end

  # Cap what a chatty server can dump into your context.
  @impl true
  def max_result_chars, do: 16_000

  @impl true
  def execute(%{"tool" => tool} = input, _context) do
    arguments = Map.get(input, "arguments", %{})

    case Anubis.Client.call_tool(@client, tool, arguments) do
      {:ok, %Anubis.MCP.Response{is_error: false, result: result}} ->
        {:ok, render_content(result)}

      {:ok, %Anubis.MCP.Response{result: result}} ->
        {:error, render_content(result)}

      {:error, error} ->
        {:error, "MCP transport error: #{inspect(error)}"}
    end
  end

  # Tool list rarely changes; fetch once and cache for the VM's lifetime.
  defp cached_tools do
    case :persistent_term.get({__MODULE__, :tools}, :missing) do
      :missing ->
        {:ok, %Anubis.MCP.Response{result: %{"tools" => tools}}} =
          Anubis.Client.list_tools(@client)

        :persistent_term.put({__MODULE__, :tools}, tools)
        tools

      tools ->
        tools
    end
  end

  defp render_content(%{"content" => content}) when is_list(content) do
    content
    |> Enum.map(fn
      %{"type" => "text", "text" => text} -> text
      other -> inspect(other)
    end)
    |> Enum.join("\n")
  end

  defp render_content(result), do: inspect(result)
end
Then just add it to tools::
{:ok, result} =
  Alloy.run("Search the docs for compaction and summarize what you find",
    provider: {Alloy.Provider.Anthropic, api_key: key, model: model},
    tools: [MyApp.Tools.MCP]
  )
Remote MCP without a client
For remote HTTP MCP servers on Anthropic, you can also mount the server
provider-side instead of running a client in your app. Pass Anthropic's
mcp_servers body field and the matching beta header through extra_body /
extra_headers on the provider config. The client-side gateway above remains
the right pattern for local or stdio MCP servers and for providers without a
server-side MCP connector.
Variant: one tool per MCP tool
When you want the model to see full per-tool schemas (better argument
validation, at the cost of more context), build inline tools from the
server's discovery response with Alloy.Tool.inline/1:
defmodule MyApp.MCPTools do
  @client MyApp.MCPClient

  @doc "One Alloy tool per tool exposed by the MCP server."
  def all do
    {:ok, %Anubis.MCP.Response{result: %{"tools" => tools}}} =
      Anubis.Client.list_tools(@client)

    for %{"name" => name} = tool <- tools do
      Alloy.Tool.inline(
        name: name,
        description: tool["description"] || name,
        input_schema: tool["inputSchema"] || %{type: "object", properties: %{}},
        max_result_chars: 16_000,
        execute: fn arguments, _context ->
          case Anubis.Client.call_tool(@client, name, arguments) do
            {:ok, %Anubis.MCP.Response{is_error: false, result: result}} ->
              {:ok, render_content(result)}

            {:ok, %Anubis.MCP.Response{result: result}} ->
              {:error, render_content(result)}

            {:error, error} ->
              {:error, "MCP transport error: #{inspect(error)}"}
          end
        end
      )
    end
  end

  defp render_content(%{"content" => content}) when is_list(content) do
    content
    |> Enum.map(fn
      %{"type" => "text", "text" => text} -> text
      other -> inspect(other)
    end)
    |> Enum.join("\n")
  end

  defp render_content(result), do: inspect(result)
end

{:ok, result} =
  Alloy.run("Search the docs for compaction",
    provider: provider,
    tools: MyApp.MCPTools.all() ++ [Alloy.Tool.Core.Read]
  )
Trade-offs, honestly
Gateway vs. one-tool-per-MCP-tool. The gateway costs one tool definition
and a compact name/description list — the right default, and the reason this
recipe exists. The per-tool variant gives the model full schemas (provider-
side argument validation) but pays the context cost the gateway avoids: every
tool's complete schema rides along on every request. Measure before choosing
it for servers with more than a handful of tools, and consider filtering the
discovery list to the tools you actually want exposed.
Trust. An MCP server is remote code with a marketing page. Its tool
descriptions enter your prompt (prompt-injection surface) and its results
enter your context. Use max_result_chars, prefer servers you operate, and
consider a middleware hook to block specific tool names.
Don't use this for your own code. If the functions live in your
application, write Alloy.Tool modules directly — no transport, no JSON-RPC,
no second process tree, and the compiler checks your schema helpers.


  

    
Alloy.Agent.Events 
    



      
Deprecated alias for Alloy.Events.
Renamed to Alloy.Events
The v1 event envelope module has been promoted to the top-level
namespace as Alloy.Events. It is part of Alloy's protocol surface
— Alloy.Agent.Turn calls it directly, so it is not moving to
the alloy_agent runtime package.
This shim will be removed in Alloy 0.13.0. Update alias lines from
Alloy.Agent.Events to Alloy.Events.
Note: Alloy 0.12.1 incorrectly listed this module as moving to
AlloyAgent.Events. That guidance was wrong and is retracted in
0.12.2 — see docs/MIGRATION-alloy_agent.md for the corrected table.

      


      
        Summary


  
    Functions
  


    
      
        build_correlation_id(state)

          deprecated

      


        See Alloy.Events.build_correlation_id/1.



    


    
      
        emit(opts, turn, raw_event)

          deprecated

      


        See Alloy.Events.emit/3.



    


    
      
        normalize_opts(state, opts)

          deprecated

      


        See Alloy.Events.normalize_opts/2.



    





      


      
        Functions


        


  
    
      
    
    
      build_correlation_id(state)



        
          
        

    

  


    
      This function is deprecated. Use Alloy.Events.build_correlation_id/1 instead. Will be removed in Alloy 0.13.0..
    


  

      

          @spec build_correlation_id(Alloy.Agent.State.t()) :: binary()


      


See Alloy.Events.build_correlation_id/1.

  



  
    
      
    
    
      emit(opts, turn, raw_event)



        
          
        

    

  


    
      This function is deprecated. Use Alloy.Events.emit/3 instead. Will be removed in Alloy 0.13.0..
    


  

      

          @spec emit(keyword(), non_neg_integer(), term()) :: :ok


      


See Alloy.Events.emit/3.

  



  
    
      
    
    
      normalize_opts(state, opts)



        
          
        

    

  


    
      This function is deprecated. Use Alloy.Events.normalize_opts/2 instead. Will be removed in Alloy 0.13.0..
    


  

      

          @spec normalize_opts(
  Alloy.Agent.State.t(),
  keyword()
) :: keyword()


      


See Alloy.Events.normalize_opts/2.

  


        

      


  

    
Alloy.Provider.OpenAIStream 
    



      
Shared OpenAI-format SSE stream parser.
Used by all OpenAI-compatible providers (OpenAI, DeepSeek, Mistral,
OpenRouter, xAI, Ollama). Each provider calls stream/5 with its
own URL and headers; this module handles SSE parsing and response
normalization.
OpenAI Streaming Format
data: {"choices":[{"index":0,"delta":{"content":"chunk"}}]}
data: {"choices":[{"index":0,"delta":{"tool_calls":[...]}}]}
data: [DONE]
Text deltas are emitted via on_chunk. Tool call argument deltas
are accumulated silently. The final response has the same shape as
complete/3.
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        stream(url, headers, body, on_chunk, req_options)

      


        Execute a streaming request against an OpenAI-compatible endpoint.



    





      


      
        Functions


        


  
    
      
    
    
      stream(url, headers, body, on_chunk, req_options)



        
          
        

    

  


  

      

          @spec stream(
  String.t(),
  [{String.t(), String.t()}],
  map(),
  (String.t() -> :ok),
  keyword()
) ::
  {:ok, Alloy.Provider.completion_response()} | {:error, term()}


      


Execute a streaming request against an OpenAI-compatible endpoint.
Returns {:ok, completion_response()} | {:error, term()}.

  


        

      


  

    
Alloy.Provider.SSE 
    



      
Shared SSE (Server-Sent Events) framing utilities.
Handles the transport-level concerns that are identical across all
providers using SSE streaming: byte buffering, event boundary
splitting, and field extraction.
Provider-specific event handling is NOT in this module — each provider
(or shared parser like Alloy.Provider.OpenAIStream) pattern-matches
on the parsed events returned here.
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    Types
  


    
      
        sse_event()

      


    





  
    Functions
  


    
      
        process_chunk(buffer, chunk)

      


        Process a raw chunk of bytes against a buffer.



    


    
      
        req_stream_handler(initial_acc, handle_event)

      


        Build a Req into: stream handler that accumulates SSE events.
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      sse_event()



        
          
        

    

  


  

      

          @type sse_event() :: %{event: String.t() | nil, data: String.t()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      process_chunk(buffer, chunk)



        
          
        

    

  


  

      

          @spec process_chunk(String.t(), String.t()) :: {[sse_event()], String.t()}


      


Process a raw chunk of bytes against a buffer.
Returns {complete_events, remaining_buffer} where each event
is a map with :event (may be nil) and :data keys.

  



  
    
      
    
    
      req_stream_handler(initial_acc, handle_event)



        
          
        

    

  


  

      

          @spec req_stream_handler(map(), (map(), sse_event() -> map())) :: ({:data, String.t()},
                                                             {term(), term()} ->
                                                               {:cont,
                                                                {term(), term()}})


      


Build a Req into: stream handler that accumulates SSE events.
The handle_event function receives (accumulator, sse_event) and
returns the updated accumulator. The accumulator must contain a
:buffer key (string) for SSE framing state.
The accumulator is stored in resp.private.sse_acc.

  


        

      


  

    
Alloy 
    



      
Model-agnostic agent harness for Elixir.
Alloy provides the minimal agent loop: send messages to any LLM,
execute tool calls, loop until done. Zero framework dependencies.
Quick Start
{:ok, result} = Alloy.run("What is 2+2?",
  provider: {Alloy.Provider.Anthropic, api_key: "sk-ant-..."},
  system_prompt: "You are helpful."
)
result.text #=> "4"
With Tools
{:ok, result} = Alloy.run("Read mix.exs and tell me the version",
  provider: {Alloy.Provider.Anthropic, api_key: "sk-ant-..."},
  tools: [Alloy.Tool.Core.Read],
  max_turns: 10
)
Continuing a Conversation
{:ok, result} = Alloy.run("Now edit that file",
  provider: {Alloy.Provider.OpenAI, api_key: "sk-..."},
  tools: [Alloy.Tool.Core.Read, Alloy.Tool.Core.Edit],
  messages: previous_result.messages
)
One-Shot Streaming
{:ok, result} = Alloy.stream("Explain OTP", fn chunk ->
  IO.write(chunk)
end,
  provider: {Alloy.Provider.OpenAI, api_key: "sk-...", model: "gpt-5.4"}
)
Options
	:provider - {module, config_keyword_list} or just module (required)
	:tools - list of modules implementing Alloy.Tool and/or Alloy.Tool.Inline structs built with Alloy.Tool.inline/1 (default: [])
	:system_prompt - system prompt string (default: nil)
	:messages - existing conversation history (default: [])
	:max_turns - maximum agent loop iterations (default: 25)
	:max_tokens - context window budget for compaction (default: provider model window when known, otherwise 200_000)
	:compaction - grouped compaction settings like reserve_tokens, keep_recent_tokens, and fallback (default: derived from :max_tokens)
	:middleware - list of Alloy.Middleware modules (default: [])
	:working_directory - base path for file tools (default: ".")
	:context - arbitrary map passed to tools and middleware (default: %{})
	:max_pending - max queued async send_message/3 requests while one is running (default: 0)
	:model_metadata_overrides - overrides for model context windows used to derive :max_tokens when not set explicitly (default: %{})
	:model_catalog - module implementing Alloy.ModelCatalog, consulted for model context windows after :model_metadata_overrides (default: Alloy.ModelMetadata)
	:until_tool - tool name (string) that must be called before the loop completes. If the model signals :end_turn without calling this tool, the loop continues with a prompt to call it. Useful for structured output enforcement. (default: nil)
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        result()

      


    





  
    Functions
  


    
      
        cancel_request(server, request_id)

      


        Cancel an async request by request_id.



    


    
      
        run(message \\ nil, opts)

      


        Run the agent loop with a message and options.



    


    
      
        send_message(server, message, opts \\ [])

      


        Send a message to a running agent without blocking the caller.



    


    
      
        stream(message, on_chunk, opts \\ [])

      


        Run the agent loop and stream text deltas as they arrive.
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      result()



        
          
        

    

  


  

      

          @type result() :: Alloy.Result.t()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      cancel_request(server, request_id)



        
          
        

    

  


  

      

          @spec cancel_request(GenServer.server(), binary()) :: :ok | {:error, :not_found}


      


Cancel an async request by request_id.

  



    

  
    
      
    
    
      run(message \\ nil, opts)



        
          
        

    

  


  

      

          @spec run(
  String.t() | nil,
  keyword()
) :: {:ok, result()} | {:error, result()}


      


Run the agent loop with a message and options.
The first argument can be a string (converted to a user message)
or ignored if :messages option provides conversation history.
Returns {:ok, result} on completion or {:error, result} on failure.

  



    

  
    
      
    
    
      send_message(server, message, opts \\ [])



        
          
        

    

  


  

      

          @spec send_message(GenServer.server(), String.t(), keyword()) ::
  {:ok, binary()} | {:error, :busy | :queue_full | :no_pubsub}


      


Send a message to a running agent without blocking the caller.
Non-blocking fire-and-forget. Returns {:ok, request_id} immediately.
Results are broadcast via PubSub. See Alloy.Agent.Server.send_message/3
for full documentation.

  



    

  
    
      
    
    
      stream(message, on_chunk, opts \\ [])



        
          
        

    

  


  

      

          @spec stream(String.t() | nil, (String.t() -> any()), keyword()) ::
  {:ok, result()} | {:error, result()}


      


Run the agent loop and stream text deltas as they arrive.
This is a one-shot convenience API for callers who do not need a persistent
Alloy.Agent.Server process. It returns the same result shape as run/2.
The first argument can be a string (converted to a user message)
or nil if the :messages option provides conversation history.
Options
Accepts the same options as run/2, plus:
	:on_event - function called with normalized event envelopes during the run


  


        

      


  

    
Alloy.Agent.Config 
    



      
Configuration for an agent run.
Built from the options passed to Alloy.run/2. Immutable for the
duration of the run.

      


      
        Summary


  
    Types
  


    
      
        compaction()

      


    


    
      
        memory()

      


        Memory store binding — {store_module, opaque_store_term}. The store
module implements Alloy.Memory. The store term is whatever the
module needs (keyword list, map, pid, struct) — Alloy passes it
through verbatim.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        from_opts(opts)

      


        Builds a config from Alloy.run/2 options.



    


    
      
        with_provider(config, provider)

      


        Returns an updated config with a new provider while preserving unrelated options.



    





      


      
        Types


        


  
    
      
    
    
      compaction()



        
          
        

    

  


  

      

          @type compaction() :: %{
  reserve_tokens: pos_integer(),
  keep_recent_tokens: pos_integer(),
  fallback: :truncate,
  clear_tool_results: boolean(),
  keep_recent_tool_results: non_neg_integer(),
  summary_system_prompt: String.t(),
  summary_prompt: String.t()
}


      



  



  
    
      
    
    
      memory()



        
          
        

    

  


  

      

          @type memory() :: {module(), term()} | nil


      


Memory store binding — {store_module, opaque_store_term}. The store
module implements Alloy.Memory. The store term is whatever the
module needs (keyword list, map, pid, struct) — Alloy passes it
through verbatim.
As of 0.12.0, memory is Anthropic-only. Alloy.run/2 raises if
:memory is set with any other provider.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Alloy.Agent.Config{
  code_execution: boolean(),
  compaction: compaction(),
  compaction_explicit: %{
    reserve_tokens: boolean(),
    keep_recent_tokens: boolean()
  },
  context: map(),
  fallback_providers: [{module(), map()}],
  max_budget_cents: number() | nil,
  max_pending: non_neg_integer(),
  max_retries: non_neg_integer(),
  max_tokens: pos_integer(),
  max_tokens_explicit?: boolean(),
  max_turns: pos_integer(),
  memory: memory(),
  middleware: [module()],
  model_catalog: module(),
  model_metadata_overrides: map(),
  on_compaction: (list(), Alloy.Agent.State.t() -> any()) | nil,
  on_shutdown: (struct() -> any()) | nil,
  provider: module(),
  provider_config: map(),
  pubsub: module() | nil,
  retry_backoff_ms: pos_integer(),
  subscribe: [String.t()],
  system_prompt: String.t() | nil,
  timeout_ms: pos_integer(),
  tool_timeout: pos_integer(),
  tools: [module() | Alloy.Tool.Inline.t()],
  until_tool: String.t() | nil,
  working_directory: String.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      from_opts(opts)



        
          
        

    

  


  

      

          @spec from_opts(keyword()) :: t()


      


Builds a config from Alloy.run/2 options.

  



  
    
      
    
    
      with_provider(config, provider)



        
          
        

    

  


  

      

          @spec with_provider(t(), module() | {module(), keyword() | map()}) :: t()


      


Returns an updated config with a new provider while preserving unrelated options.
If max_tokens was not set explicitly, the budget is re-derived from the new
provider model, current model_metadata_overrides, and model_catalog.

  


        

      


  

    
Alloy.Agent.Server 
    



      
OTP-backed persistent agent process.
Moved to alloy_agent
This module has moved to AlloyAgent.Server in the
alloy_agent package. This
copy will be removed in Alloy 0.13.0. Migrate by adding
{:alloy_agent, "~> 0.1"} to your deps and changing
alias Alloy.Agent.Server to alias AlloyAgent.Server (or alias AlloyAgent).
Why: Alloy is refocusing as a protocol library — the loop, providers,
tools, memory behaviour, message types. Runtime concerns (supervised
processes, sessions, async dispatch, PubSub, backpressure, default
memory stores) belong in the app layer, where OTP already gives you
the primitives. alloy_agent is the opt-in runtime for users who
want a supervised agent without wiring a GenServer themselves.
Wraps the stateless Turn.run_loop/1 in a GenServer so the agent
can hold conversation history across multiple calls, be supervised,
and run concurrently with other agents.
Usage
{:ok, pid} = Alloy.Agent.Server.start_link(
  provider: {Alloy.Provider.Anthropic, api_key: "sk-ant-...", model: "claude-opus-4-6"},
  tools: [Alloy.Tool.Core.Read, Alloy.Tool.Core.Bash],
  system_prompt: "You are a helpful assistant."
)

{:ok, r1} = Alloy.Agent.Server.chat(pid, "List the files in this project")
{:ok, r2} = Alloy.Agent.Server.chat(pid, "Now read mix.exs")
IO.puts(r2.text)

Alloy.Agent.Server.stop(pid)
Options
All options from Alloy.run/2 are accepted at start time, plus:
	:name - Register the process under a name (optional)

Supervision
children = [
  {Alloy.Agent.Server, [
    name: :my_agent,
    provider: {Alloy.Provider.Anthropic, api_key: System.get_env("ANTHROPIC_API_KEY"), model: "claude-opus-4-6"}
  ]}
]
Supervisor.start_link(children, strategy: :one_for_one)

      


      
        Summary


  
    Types
  


    
      
        result()

      


    





  
    Functions
  


    
      
        cancel_request(server, request_id)

      


        Cancel an async request by request_id.



    


    
      
        chat(server, message, opts \\ [])

      


        Send a message and wait for the agent to finish its full loop.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        export_session(server)

      


        Export the current conversation as a serializable Session struct.



    


    
      
        health(server)

      


        Returns a health summary map for the agent process.



    


    
      
        messages(server)

      


        Return the full conversation message history.



    


    
      
        reset(server)

      


        Clear conversation history. Config and tools are preserved.



    


    
      
        send_message(server, message, opts \\ [])

      


        Send a message to the agent without blocking the caller.



    


    
      
        set_model(server, provider_opts)

      


        Switch the provider (and its config) mid-session.



    


    
      
        start_link(opts)

      


        Start a supervised, persistent agent process.



    


    
      
        stop(server)

      


        Stop the agent process.



    


    
      
        stream_chat(server, message, on_chunk, opts \\ [])

      


        Send a message with streaming. Calls on_chunk for each text delta.
Returns the same result shape as chat/3.



    


    
      
        usage(server)

      


        Return accumulated token usage across all turns.



    





      


      
        Types


        


  
    
      
    
    
      result()



        
          
        

    

  


  

      

          @type result() :: Alloy.Result.t()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      cancel_request(server, request_id)



        
          
        

    

  


  

      

          @spec cancel_request(GenServer.server(), binary()) :: :ok | {:error, :not_found}


      


Cancel an async request by request_id.
If the request is currently running, the active task is terminated.
If the request is queued, it is removed from the queue.
When cancelled, the server broadcasts an {:agent_response, result} payload
with status: :error, error: :cancelled, and the matching :request_id.

  



    

  
    
      
    
    
      chat(server, message, opts \\ [])



        
          
        

    

  


  

      

          @spec chat(GenServer.server(), String.t(), keyword()) ::
  {:ok, result()} | {:error, result()}


      


Send a message and wait for the agent to finish its full loop.
Blocks until the model reaches end_turn (including all tool calls).
Conversation history is preserved for subsequent calls.
Options
	:timeout - GenServer call timeout in milliseconds (default: 30_000).


  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      export_session(server)



        
          
        

    

  


  

      

          @spec export_session(GenServer.server()) :: Alloy.Session.t()


      


Export the current conversation as a serializable Session struct.
Note: if an async Turn is in progress via send_message/3, the exported
session reflects the state before that Turn started (a pre-Turn snapshot).

  



  
    
      
    
    
      health(server)



        
          
        

    

  


  

      

          @spec health(GenServer.server()) :: map()


      


Returns a health summary map for the agent process.

  



  
    
      
    
    
      messages(server)



        
          
        

    

  


  

      

          @spec messages(GenServer.server()) :: [Alloy.Message.t()]


      


Return the full conversation message history.
Note: if an async Turn is in progress via send_message/3, this returns a
snapshot of the conversation before that Turn started. The in-flight
assistant response will appear only after the Turn completes.

  



  
    
      
    
    
      reset(server)



        
          
        

    

  


  

      

          @spec reset(GenServer.server()) :: :ok | {:error, :busy}


      


Clear conversation history. Config and tools are preserved.
Returns {:error, :busy} if an async Turn is currently running via send_message/3.

  



    

  
    
      
    
    
      send_message(server, message, opts \\ [])



        
          
        

    

  


  

      

          @spec send_message(GenServer.server(), String.t(), keyword()) ::
  {:ok, binary()} | {:error, :busy | :queue_full | :no_pubsub}


      


Send a message to the agent without blocking the caller.
Returns {:ok, request_id} immediately. The agent runs its full Turn loop
in a supervised Task, then broadcasts the result via PubSub to
"agent:<id>:responses" as {:agent_response, result} where result
includes a :request_id field matching the returned ID.
Backpressure behavior:
	If no Turn is running, the request starts immediately.
	If a Turn is running and :max_pending > 0, the request is queued.
	If the queue is full, returns {:error, :queue_full}.
	If :max_pending == 0, returns {:error, :busy} while running.

Returns {:error, :no_pubsub} if the agent was started without a :pubsub
option — without PubSub there is no way to receive results.
Requirements
PubSub must be configured on the agent. Add pubsub: MyApp.PubSub to the
agent start options.
Options
	:request_id - supply your own correlation ID (binary). Defaults to
a random URL-safe ID.

Example
{:ok, agent} = Alloy.Agent.Server.start_link(
  provider: {...},
  pubsub: MyApp.PubSub
)

Phoenix.PubSub.subscribe(MyApp.PubSub, "agent:#{session_id}:responses")

{:ok, req_id} = Alloy.Agent.Server.send_message(agent, "Summarise the logs")

receive do
  {:agent_response, %{request_id: ^req_id, text: text}} -> IO.puts(text)
end

  



  
    
      
    
    
      set_model(server, provider_opts)



        
          
        

    

  


  

      

          @spec set_model(
  GenServer.server(),
  keyword()
) :: :ok | {:error, :busy}


      


Switch the provider (and its config) mid-session.
Accepts provider_opts in the same format as the :provider option in
start_link/1.  Conversation history, tools, system prompt, and all
other config fields are preserved.
Examples
Server.set_model(pid, provider: {Alloy.Provider.Anthropic, api_key: key, model: "claude-haiku-4-5"})
Server.set_model(pid, provider: Alloy.Provider.OpenAI)
Returns {:error, :busy} if an async Turn is currently running via send_message/3.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

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


      


Start a supervised, persistent agent process.

  



  
    
      
    
    
      stop(server)



        
          
        

    

  


  

      

          @spec stop(GenServer.server()) :: :ok


      


Stop the agent process.

  



    

  
    
      
    
    
      stream_chat(server, message, on_chunk, opts \\ [])



        
          
        

    

  


  

      

          @spec stream_chat(GenServer.server(), String.t(), (String.t() -> :ok), keyword()) ::
  {:ok, result()} | {:error, result()}


      


Send a message with streaming. Calls on_chunk for each text delta.
Returns the same result shape as chat/3.
Options
	:timeout - GenServer call timeout in milliseconds (default: 30_000).


  



  
    
      
    
    
      usage(server)



        
          
        

    

  


  

      

          @spec usage(GenServer.server()) :: Alloy.Usage.t()


      


Return accumulated token usage across all turns.

  


        

      


  

    
Alloy.Agent.State 
    



      
Mutable state for an agent run.
Tracks the conversation history, turn count, token usage, and
current status. Passed through each iteration of the agent loop.

      


      
        Summary


  
    Types
  


    
      
        status()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        append_messages(state, messages)

      


        Append messages to the conversation history.



    


    
      
        append_tool_calls(state, tool_calls)

      


        Append tool execution metadata for the current run.



    


    
      
        cleanup(state)

      


        Clean up resources owned by this state. No-op currently; reserved
for future resource management.



    


    
      
        increment_turn(state)

      


        Increment the turn counter.



    


    
      
        init(config, messages \\ [])

      


        Initialize state from config and optional existing messages.



    


    
      
        last_assistant_text(state)

      


        Extract the text from the last assistant message.



    


    
      
        last_assistant_thinking(state)

      


        Extract the thinking/reasoning text from the most recent assistant message
that carries any. Returns nil when no assistant message has thinking.



    


    
      
        materialize(state)

      


        Flush the accumulator into the messages field.



    


    
      
        merge_provider_state(state, provider_state)

      


        Merge provider-owned state returned by the model backend.



    


    
      
        merge_run_metadata(state, metadata)

      


        Merge agent-loop runtime metadata for the current run.



    


    
      
        merge_usage(state, response_usage)

      


        Merge usage from a provider response.



    


    
      
        messages(state)

      


        Return messages in chronological order.



    


    
      
        put_provider_response_metadata(state, metadata)

      


        Replace the latest provider response metadata for this run.



    





      


      
        Types


        


  
    
      
    
    
      status()



        
          
        

    

  


  

      

          @type status() ::
  :idle
  | :running
  | :completed
  | :error
  | :max_turns
  | :budget_exceeded
  | :halted


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Alloy.Agent.State{
  agent_id: String.t(),
  config: Alloy.Agent.Config.t(),
  current_task: {reference(), pid(), binary()} | nil,
  error: term() | nil,
  messages: [Alloy.Message.t()],
  messages_new: [Alloy.Message.t()],
  pending_requests: term(),
  provider_response_metadata: map(),
  provider_state: map(),
  run_metadata: map(),
  started_at: integer() | nil,
  status: status(),
  tool_calls: [map()],
  tool_defs: [map()],
  tool_fns: %{required(String.t()) => Alloy.Tool.Registry.tool()},
  turn: non_neg_integer(),
  usage: Alloy.Usage.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      append_messages(state, messages)



        
          
        

    

  


  

      

          @spec append_messages(t(), [Alloy.Message.t()] | Alloy.Message.t()) :: t()


      


Append messages to the conversation history.
Uses an internal accumulator for O(1) append. Call messages/1 to
retrieve the full list in chronological order.

  



  
    
      
    
    
      append_tool_calls(state, tool_calls)



        
          
        

    

  


  

      

          @spec append_tool_calls(t(), [map()]) :: t()


      


Append tool execution metadata for the current run.

  



  
    
      
    
    
      cleanup(state)



        
          
        

    

  


  

      

          @spec cleanup(t()) :: :ok


      


Clean up resources owned by this state. No-op currently; reserved
for future resource management.

  



  
    
      
    
    
      increment_turn(state)



        
          
        

    

  


  

      

          @spec increment_turn(t()) :: t()


      


Increment the turn counter.

  



    

  
    
      
    
    
      init(config, messages \\ [])



        
          
        

    

  


  

      

          @spec init(Alloy.Agent.Config.t(), [Alloy.Message.t()]) :: t()


      


Initialize state from config and optional existing messages.

  



  
    
      
    
    
      last_assistant_text(state)



        
          
        

    

  


  

      

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


      


Extract the text from the last assistant message.

  



  
    
      
    
    
      last_assistant_thinking(state)



        
          
        

    

  


  

      

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


      


Extract the thinking/reasoning text from the most recent assistant message
that carries any. Returns nil when no assistant message has thinking.

  



  
    
      
    
    
      materialize(state)



        
          
        

    

  


  

      

          @spec materialize(t()) :: t()


      


Flush the accumulator into the messages field.
After this call, state.messages contains the full chronological
list and state.messages_new is empty. Call at process boundaries
where code reads state.messages directly.

  



  
    
      
    
    
      merge_provider_state(state, provider_state)



        
          
        

    

  


  

      

          @spec merge_provider_state(t(), map() | nil) :: t()


      


Merge provider-owned state returned by the model backend.

  



  
    
      
    
    
      merge_run_metadata(state, metadata)



        
          
        

    

  


  

      

          @spec merge_run_metadata(t(), map() | nil) :: t()


      


Merge agent-loop runtime metadata for the current run.

  



  
    
      
    
    
      merge_usage(state, response_usage)



        
          
        

    

  


  

      

          @spec merge_usage(t(), map()) :: t()


      


Merge usage from a provider response.

  



  
    
      
    
    
      messages(state)



        
          
        

    

  


  

      

          @spec messages(t()) :: [Alloy.Message.t()]


      


Return messages in chronological order.
Flushes the internal accumulator and returns the full message list.

  



  
    
      
    
    
      put_provider_response_metadata(state, metadata)



        
          
        

    

  


  

      

          @spec put_provider_response_metadata(t(), map() | nil) :: t()


      


Replace the latest provider response metadata for this run.

  


        

      


  

    
Alloy.Agent.Turn 
    



      
The core agent loop.
Sends messages to a provider, executes tool calls, and loops until
the provider signals completion or the turn limit is reached.
This is a pure function — no GenServer, no process overhead.

      


      
        Summary


  
    Functions
  


    
      
        run_loop(state, opts \\ [])

      


        Run the agent loop until completion, error, or max turns.



    





      


      
        Functions


        


    

  
    
      
    
    
      run_loop(state, opts \\ [])



        
          
        

    

  


  

      

          @spec run_loop(
  Alloy.Agent.State.t(),
  keyword()
) :: Alloy.Agent.State.t()


      


Run the agent loop until completion, error, or max turns.
Takes an initialized State with messages and returns the
final state with status set to :completed, :error, or :max_turns.
Options
	:streaming - boolean, whether to use streaming (default: false)
	:on_chunk - function called for each streamed chunk (default: no-op)
	:on_event - function called with event envelopes:
%{v: 1, seq:, correlation_id:, turn:, ts_ms:, event:, payload:}
(default: no-op)


  


        

      


  

    
Alloy.Events 
    



      
Event envelope construction and runtime opts normalization.
Builds v1 event envelopes, manages sequence counters, and derives
correlation IDs. Used by Alloy.Agent.Turn to wrap raw provider and
tool events into the versioned envelope shape exposed to :on_event
callbacks on Alloy.run/2 and Alloy.stream/3.
The v1 envelope is part of the protocol surface — anything Turn
emits is something downstream consumers can rely on. :telemetry
events fired alongside the envelope are the lower-level analogue.

      


      
        Summary


  
    Functions
  


    
      
        build_correlation_id(state)

      


        Derive a correlation ID from the agent state's context.



    


    
      
        emit(opts, turn, raw_event)

      


        Emit an event envelope.



    


    
      
        normalize_opts(state, opts)

      


        Normalize runtime opts for event emission.



    





      


      
        Functions


        


  
    
      
    
    
      build_correlation_id(state)



        
          
        

    

  


  

      

          @spec build_correlation_id(Alloy.Agent.State.t()) :: binary()


      


Derive a correlation ID from the agent state's context.
Precedence: context[:request_id] > context[:correlation_id] >
generated from agent_id.

  



  
    
      
    
    
      emit(opts, turn, raw_event)



        
          
        

    

  


  

      

          @spec emit(keyword(), non_neg_integer(), term()) :: :ok


      


Emit an event envelope.
Builds a v1 envelope from the raw event, calls the on_event callback,
and fires a :telemetry event.

  



  
    
      
    
    
      normalize_opts(state, opts)



        
          
        

    

  


  

      

          @spec normalize_opts(
  Alloy.Agent.State.t(),
  keyword()
) :: keyword()


      


Normalize runtime opts for event emission.
Ensures :on_event, :event_seq_ref, and :event_correlation_id
are present in the opts keyword list.

  


        

      


  

    
Alloy.Message 
    



      
Normalized message struct used throughout Alloy.
All providers translate their wire format to/from this struct.
Internal format uses content blocks (similar to Anthropic's API)
since it's the most expressive.
Content Block Types
Text and tool blocks
	%{type: "text", text: "..."} - Plain text
	%{type: "tool_use", id: "...", name: "...", input: %{}} - Tool call from assistant
	%{type: "tool_result", tool_use_id: "...", content: "..."} - Tool execution result

Media blocks (pass-through — providers map these to their wire format)
	%{type: "image", mime_type: "image/jpeg", data: "base64..."} - Inline image
	%{type: "audio", mime_type: "audio/mp3", data: "base64..."} - Inline audio
	%{type: "video", mime_type: "video/mp4", data: "base64..."} - Inline video
	%{type: "document", mime_type: "application/pdf", uri: "..."} - URI-referenced document

Alloy Core does not read, transcode, or base64-encode media. It expects callers
(e.g. Anvil connectors) to supply pre-encoded data or provider-specific URIs.

      


      
        Summary


  
    Types
  


    
      
        content_block()

      


    


    
      
        role()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        assistant(text)

      


        Creates an assistant message with text content.



    


    
      
        assistant_blocks(blocks)

      


        Creates an assistant message with content blocks (used for tool calls).



    


    
      
        audio(mime_type, data)

      


        Creates an inline audio content block.



    


    
      
        document(mime_type, uri)

      


        Creates a URI-referenced document content block.



    


    
      
        image(mime_type, data)

      


        Creates an inline image content block.



    


    
      
        server_tool_result_block(tool_use_id, content, is_error \\ false)

      


        Builds a server_tool_result content block (for code_execution server tool calls).



    


    
      
        text(message)

      


        Extracts plain text from a message, ignoring tool blocks.
Returns nil if no text content exists.



    


    
      
        thinking(message)

      


        Extracts thinking/reasoning text from a message, joining all thinking blocks.



    


    
      
        tool_calls(message)

      


        Extracts tool_use blocks from an assistant message.



    


    
      
        tool_result_block(tool_use_id, content, is_error \\ false)

      


        Builds a tool_result content block.



    


    
      
        tool_results(results)

      


        Creates a user message containing tool results.



    


    
      
        user(text)

      


        Creates a user message with text content.



    


    
      
        video(mime_type, data)

      


        Creates an inline video content block.



    





      


      
        Types


        


  
    
      
    
    
      content_block()



        
          
        

    

  


  

      

          @type content_block() :: map()


      



  



  
    
      
    
    
      role()



        
          
        

    

  


  

      

          @type role() :: :user | :assistant


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Alloy.Message{content: String.t() | [content_block()], role: role()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      assistant(text)



        
          
        

    

  


  

      

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


      


Creates an assistant message with text content.

  



  
    
      
    
    
      assistant_blocks(blocks)



        
          
        

    

  


  

      

          @spec assistant_blocks([content_block()]) :: t()


      


Creates an assistant message with content blocks (used for tool calls).

  



  
    
      
    
    
      audio(mime_type, data)



        
          
        

    

  


  

      

          @spec audio(String.t(), String.t()) :: content_block()


      


Creates an inline audio content block.
mime_type is typically "audio/mp3", "audio/wav", "audio/ogg", etc.
data must be a base64-encoded string of the raw audio bytes.

  



  
    
      
    
    
      document(mime_type, uri)



        
          
        

    

  


  

      

          @spec document(String.t(), String.t()) :: content_block()


      


Creates a URI-referenced document content block.
Used with provider APIs that require pre-uploaded files (e.g. Google File API).
uri is the provider-specific URI returned after uploading the file.

  



  
    
      
    
    
      image(mime_type, data)



        
          
        

    

  


  

      

          @spec image(String.t(), String.t()) :: content_block()


      


Creates an inline image content block.
mime_type should be one of "image/jpeg", "image/png", "image/gif",
"image/webp". data must be a base64-encoded string of the raw image bytes.

  



    

  
    
      
    
    
      server_tool_result_block(tool_use_id, content, is_error \\ false)



        
          
        

    

  


  

      

          @spec server_tool_result_block(String.t(), String.t(), boolean()) :: content_block()


      


Builds a server_tool_result content block (for code_execution server tool calls).

  



  
    
      
    
    
      text(message)



        
          
        

    

  


  

      

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


      


Extracts plain text from a message, ignoring tool blocks.
Returns nil if no text content exists.

  



  
    
      
    
    
      thinking(message)



        
          
        

    

  


  

      

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


      


Extracts thinking/reasoning text from a message, joining all thinking blocks.
Returns nil when the message carries no thinking content (plain-text
messages and messages without "thinking" blocks).

  



  
    
      
    
    
      tool_calls(message)



        
          
        

    

  


  

      

          @spec tool_calls(t()) :: [content_block()]


      


Extracts tool_use blocks from an assistant message.

  



    

  
    
      
    
    
      tool_result_block(tool_use_id, content, is_error \\ false)



        
          
        

    

  


  

      

          @spec tool_result_block(String.t(), String.t(), boolean()) :: content_block()


      


Builds a tool_result content block.

  



  
    
      
    
    
      tool_results(results)



        
          
        

    

  


  

      

          @spec tool_results([content_block()]) :: t()


      


Creates a user message containing tool results.

  



  
    
      
    
    
      user(text)



        
          
        

    

  


  

      

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


      


Creates a user message with text content.

  



  
    
      
    
    
      video(mime_type, data)



        
          
        

    

  


  

      

          @spec video(String.t(), String.t()) :: content_block()


      


Creates an inline video content block.
mime_type is typically "video/mp4", "video/webm", etc.
data must be a base64-encoded string of the raw video bytes.

  


        

      


  

    
Alloy.ModelCatalog behaviour
    



      
Behaviour for pluggable model-metadata catalogs.
Alloy needs one fact about a model to do context budgeting: its context
window. The built-in catalog (Alloy.ModelMetadata) ships a small,
hand-curated set of entries — enough to work out of the box, but it will
always lag the model release treadmill. This behaviour lets you swap in
your own source of truth instead.
Pass the catalog module per run (or per agent) via :model_catalog:
Alloy.run("...",
  provider: {Alloy.Provider.Anthropic, api_key: key, model: model},
  model_catalog: MyApp.ModelCatalog
)
Resolution order when deriving the token budget:
	an explicit :max_tokens option always wins
	:model_metadata_overrides (exact/family overrides, see
Alloy.ModelMetadata.context_window/2)
	the :model_catalog module's context_window/1
	the catalog's default_context_window/0 if exported, otherwise
Alloy.ModelMetadata.default_context_window/0

Example: static map
defmodule MyApp.ModelCatalog do
  @behaviour Alloy.ModelCatalog

  @windows %{
    "claude-opus-4-8" => 1_000_000,
    "internal-finetune-v3" => 32_768
  }

  @impl true
  def context_window(model), do: Map.get(@windows, model)
end
Example: backed by llm_db
llm_db maintains a large model catalog
sourced from models.dev. An adapter is a few lines:
defmodule MyApp.LlmDbCatalog do
  @behaviour Alloy.ModelCatalog

  @impl true
  def context_window(model) do
    case LLMDb.model(model) do
      %{context_window: limit} when is_integer(limit) -> limit
      _ -> nil
    end
  end
end
Returning nil from context_window/1 means "unknown model" and falls
through to the default window — it is not an error.

      


      
        Summary


  
    Callbacks
  


    
      
        context_window(model)

      


        Returns the context window (in tokens) for model, or nil if unknown.



    


    
      
        default_context_window()

      


        Returns the fallback context window used when context_window/1
returns nil.



    





      


      
        Callbacks


        


  
    
      
    
    
      context_window(model)



        
          
        

    

  


  

      

          @callback context_window(model :: String.t()) :: pos_integer() | nil


      


Returns the context window (in tokens) for model, or nil if unknown.

  



  
    
      
    
    
      default_context_window()


        (optional)


        
          
        

    

  


  

      

          @callback default_context_window() :: pos_integer()


      


Returns the fallback context window used when context_window/1
returns nil.
Optional — when not exported, Alloy falls back to
Alloy.ModelMetadata.default_context_window/0.

  


        

      


  

    
Alloy.ModelMetadata 
    



      
Built-in model metadata catalog used for context budgeting.
This is the default implementation of the Alloy.ModelCatalog behaviour.
It ships a small, hand-curated set of entries so Alloy works out of the
box; it is not meant to track every model release. To use a richer or
self-maintained source (a static map, your own service, or an adapter over
llm_db), implement Alloy.ModelCatalog
and pass the module via the :model_catalog option.
Per-run tweaks that don't warrant a catalog module belong in
:model_metadata_overrides — overrides always win over any catalog.

      


      
        Summary


  
    Types
  


    
      
        model_entry()

      


    


    
      
        override_entry()

      


    





  
    Functions
  


    
      
        catalog()

      


        Returns the known model catalog.



    


    
      
        context_window(model_name)

      


        Returns the known context window limit for a model name
(Alloy.ModelCatalog callback).



    


    
      
        context_window(model_name, overrides)

      


        Returns the known context window limit for a model name, consulting
overrides ahead of the built-in catalog.



    


    
      
        default_context_window()

      


        Returns the default fallback context window for unknown models.



    


    
      
        override_window(model_name, overrides)

      


        Returns the context window for model_name from overrides alone,
ignoring the built-in catalog.



    





      


      
        Types


        


  
    
      
    
    
      model_entry()



        
          
        

    

  


  

      

          @type model_entry() :: %{
  name: String.t(),
  limit: pos_integer(),
  suffix_patterns: [String.t() | Regex.t()]
}


      



  



  
    
      
    
    
      override_entry()



        
          
        

    

  


  

      

          @type override_entry() ::
  pos_integer()
  | %{
      :limit => pos_integer(),
      optional(:suffix_patterns) => [String.t() | Regex.t()]
    }


      



  


        

      

      
        Functions


        


  
    
      
    
    
      catalog()



        
          
        

    

  


  

      

          @spec catalog() :: [model_entry()]


      


Returns the known model catalog.

  



  
    
      
    
    
      context_window(model_name)



        
          
        

    

  


  

      

          @spec context_window(String.t()) :: pos_integer() | nil


      


Returns the known context window limit for a model name
(Alloy.ModelCatalog callback).
Returns nil when the model is not in the built-in catalog.

  



  
    
      
    
    
      context_window(model_name, overrides)



        
          
        

    

  


  

      

          @spec context_window(
  String.t(),
  %{optional(String.t()) => override_entry()} | [{String.t(), override_entry()}]
) :: pos_integer() | nil


      


Returns the known context window limit for a model name, consulting
overrides ahead of the built-in catalog.
overrides may provide exact-model or family overrides as either:
	%{"model-name" => 1_000_000}
	%{"model-name" => %{limit: 1_000_000, suffix_patterns: ["", ~r/^-�+$/]}}

For overrides that only provide a limit, existing catalog suffix patterns are
reused when available; unknown models default to exact-match only.
Returns nil when the model is not in the current catalog or overrides.

  



  
    
      
    
    
      default_context_window()



        
          
        

    

  


  

      

          @spec default_context_window() :: pos_integer()


      


Returns the default fallback context window for unknown models.

  



  
    
      
    
    
      override_window(model_name, overrides)



        
          
        

    

  


  

      

          @spec override_window(
  String.t(),
  %{optional(String.t()) => override_entry()} | [{String.t(), override_entry()}]
) :: pos_integer() | nil


      


Returns the context window for model_name from overrides alone,
ignoring the built-in catalog.
Used to apply :model_metadata_overrides ahead of any
Alloy.ModelCatalog implementation. Returns nil when no override
matches.

  


        

      


  

    
Alloy.Result 
    



      
Structured result from an agent run.
Returned by Alloy.run/2 and Alloy.Agent.Server.chat/3.
Implements Access for bracket-syntax compatibility (result[:text]).
Fields
	:text — the final assistant text (or nil if the model returned no text)
	:thinking — the final assistant thinking/reasoning text (or nil if none),
so callers need not dig it out of the last message's content blocks
	:messages — full conversation history
	:usage — accumulated %Alloy.Usage{} token counts
	:tool_calls — list of tool execution metadata maps
	:metadata — auxiliary result metadata such as provider-owned state
	:status — final run status (:completed, :max_turns, :budget_exceeded, :error, :halted)
	:turns — number of agent loop iterations
	:error — error term (or nil on success)
	:request_id — correlation ID for async requests (or nil for sync)


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_state(state)

      


        Build a Result from a final State.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Alloy.Result{
  error: term() | nil,
  messages: [Alloy.Message.t()],
  metadata: map(),
  request_id: binary() | nil,
  status: Alloy.Agent.State.status(),
  text: String.t() | nil,
  thinking: String.t() | nil,
  tool_calls: [map()],
  turns: non_neg_integer(),
  usage: Alloy.Usage.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      from_state(state)



        
          
        

    

  


  

      

          @spec from_state(Alloy.Agent.State.t()) :: t()


      


Build a Result from a final State.
Extracts text, messages, usage, tool calls, status, turns, and error
from the state. The request_id is left as nil — async callers
overlay it via %{result | request_id: id}.

  


        

      


  

    
Alloy.Session 
    



      
Serializable session container.
Moved to alloy_agent
This struct has moved to AlloyAgent.Session in the
alloy_agent package. This
copy will be removed in Alloy 0.13.0. Migrate by replacing
%Alloy.Session{} with %AlloyAgent.Session{} and
Alloy.Session.new/1 with AlloyAgent.Session.new/1.
Wraps the conversation state in a format that can be serialized
to JSON, stored in a database, or passed between processes.
No database required — sessions are plain structs.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(opts \\ [])

      


        Creates a new session with a generated ID.



    


    
      
        update_from_result(session, result)

      


        Updates a session with results from an agent run.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Alloy.Session{
  created_at: DateTime.t(),
  id: String.t(),
  messages: [Alloy.Message.t()],
  metadata: map(),
  updated_at: DateTime.t(),
  usage: Alloy.Usage.t()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

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


      


Creates a new session with a generated ID.

  



  
    
      
    
    
      update_from_result(session, result)



        
          
        

    

  


  

      

          @spec update_from_result(t(), map()) :: t()


      


Updates a session with results from an agent run.

  


        

      


  

    
Alloy.Usage 
    



      
Token usage tracking across turns.
Accumulates input/output token counts from provider responses
so callers can track costs and enforce limits.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        estimate_cost(usage, input_price_per_m, output_price_per_m)

      


        Estimates cost in cents given per-million token prices.
Replaces (does not accumulate) the existing estimated_cost_cents.



    


    
      
        merge(acc, response_usage)

      


        Merges usage from a provider response into accumulated usage.



    


    
      
        total(usage)

      


        Returns total tokens consumed (input + output).



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Alloy.Usage{
  cache_creation_input_tokens: non_neg_integer(),
  cache_read_input_tokens: non_neg_integer(),
  estimated_cost_cents: number(),
  input_tokens: non_neg_integer(),
  output_tokens: non_neg_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      estimate_cost(usage, input_price_per_m, output_price_per_m)



        
          
        

    

  


  

      

          @spec estimate_cost(t(), number(), number()) :: t()


      


Estimates cost in cents given per-million token prices.
Replaces (does not accumulate) the existing estimated_cost_cents.

  



  
    
      
    
    
      merge(acc, response_usage)



        
          
        

    

  


  

      

          @spec merge(t(), map()) :: t()


      


Merges usage from a provider response into accumulated usage.

  



  
    
      
    
    
      total(usage)



        
          
        

    

  


  

      

          @spec total(t()) :: non_neg_integer()


      


Returns total tokens consumed (input + output).

  


        

      


  

    
Alloy.Provider behaviour
    



      
Behaviour for LLM providers.
Each provider translates between its native wire format and Alloy's
normalized Alloy.Message structs. The agent loop only sees normalized
messages - adding a new provider means implementing this behaviour.
Completion Response
Providers return a map with:
	:stop_reason - :tool_use (continue looping) or :end_turn (done)
	:messages - list of Alloy.Message structs from the response
	:usage - map with :input_tokens and :output_tokens
	:provider_state - optional opaque map Alloy feeds back to the same provider
on subsequent turns (for example, stored response IDs)
	:response_metadata - optional provider response metadata exposed to the app
layer (for example, citations or server-side tool usage)


      


      
        Summary


  
    Types
  


    
      
        completion_response()

      


    


    
      
        stop_reason()

      


    


    
      
        tool_def()

      


    





  
    Callbacks
  


    
      
        complete(messages, tool_defs, config)

      


        Send messages to the provider and get a completion response.



    


    
      
        stream(messages, tool_defs, config, on_chunk)

      


        Stream a completion, calling on_chunk for each text delta.



    





  
    Functions
  


    
      
        decode_body(body)

      


        Decode a JSON binary response body, passing through maps unchanged.



    


    
      
        stringify_keys(map)

      


        Recursively convert atom keys to strings in maps.



    





      


      
        Types


        


  
    
      
    
    
      completion_response()



        
          
        

    

  


  

      

          @type completion_response() :: %{
  :stop_reason => stop_reason(),
  :messages => [Alloy.Message.t()],
  :usage => map(),
  optional(:provider_state) => map(),
  optional(:response_metadata) => map()
}


      



  



  
    
      
    
    
      stop_reason()



        
          
        

    

  


  

      

          @type stop_reason() :: :tool_use | :end_turn


      



  



  
    
      
    
    
      tool_def()



        
          
        

    

  


  

      

          @type tool_def() :: %{name: String.t(), description: String.t(), input_schema: map()}


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      complete(messages, tool_defs, config)



        
          
        

    

  


  

      

          @callback complete(
  messages :: [Alloy.Message.t()],
  tool_defs :: [tool_def()],
  config :: map()
) :: {:ok, completion_response()} | {:error, term()}


      


Send messages to the provider and get a completion response.
Parameters
	messages - Conversation history as normalized Alloy.Message structs
	tool_defs - Tool definitions (JSON Schema format)
	config - Provider-specific configuration (API keys, model, etc.)

Returns
	{:ok, completion_response()} on success
	{:error, term()} on failure


  



  
    
      
    
    
      stream(messages, tool_defs, config, on_chunk)


        (optional)


        
          
        

    

  


  

      

          @callback stream(
  messages :: [Alloy.Message.t()],
  tool_defs :: [tool_def()],
  config :: map(),
  on_chunk :: (String.t() -> :ok)
) :: {:ok, completion_response()} | {:error, term()}


      


Stream a completion, calling on_chunk for each text delta.
Returns the same {:ok, completion_response()} as complete/3 once
the stream finishes -- the full accumulated response.

  


        

      

      
        Functions


        


  
    
      
    
    
      decode_body(body)



        
          
        

    

  


  

      

          @spec decode_body(binary() | map()) :: {:ok, map()} | {:error, String.t()}


      


Decode a JSON binary response body, passing through maps unchanged.
Returns {:ok, decoded_map} or {:error, reason}.

  



  
    
      
    
    
      stringify_keys(map)



        
          
        

    

  


  

      

          @spec stringify_keys(term()) :: term()


      


Recursively convert atom keys to strings in maps.
Used by providers to prepare JSON-compatible request bodies.

  


        

      


  

    
Alloy.Provider.Anthropic 
    



      
Provider for Anthropic's Claude Messages API.
Uses Req for HTTP calls. Since Anthropic's wire format uses content blocks
(the most expressive format), this provider has the simplest normalization.
Config
Required:
	:api_key - Anthropic API key
	:model - Model name (e.g., "claude-opus-4-6",
"claude-sonnet-4-6", "claude-haiku-4-5")

Optional:
	:max_tokens - Max output tokens (default: 4096)
	:system_prompt - System prompt string
	:api_url - Base URL (default: "https://api.anthropic.com")
	:api_version - API version header (default: "2023-06-01")
	:extra_headers - Additional headers as [{name, value}]
	:extra_body - Additional request body fields, merged last
	:req_options - Additional options passed to Req (useful for testing)
	:extended_thinking - Enable extended thinking. Pass a keyword list with
:budget_tokens (e.g., [budget_tokens: 5000]). Thinking blocks are
returned in the message content and must be round-tripped verbatim in
subsequent turns (Anthropic requires the signature field).
	:on_event - Streaming event callback (event -> :ok). Called for each
streaming delta. When used via Server.stream_chat/4, event is a
normalized envelope map:	%{v: 1, seq:, correlation_id:, turn:, ts_ms:, event: :text_delta, payload: text}
	%{v: 1, seq:, correlation_id:, turn:, ts_ms:, event: :thinking_delta, payload: text}
Pass via Server.stream_chat/4 opts: on_event: fn event -> ... end.
Note: direct callers of Alloy.Provider.Anthropic.stream/4 (without Turn)
receive provider-native tuples (for example {:thinking_delta, text}).



Example
Alloy.run("What is Elixir?",
  provider: {Alloy.Provider.Anthropic,
    api_key: System.get_env("ANTHROPIC_API_KEY"),
    model: "claude-sonnet-4-6"
  }
)

      


      
        Summary


  
    Types
  


    
      
        config()

      


        Configuration for the Anthropic provider. See the module doc for field
semantics.



    





  
    Functions
  


    
      
        stream(messages, tool_defs, config, on_chunk)

      


        Stream a completion using Anthropic's SSE streaming API.



    





      


      
        Types


        


  
    
      
    
    
      config()



        
          
        

    

  


  

      

          @type config() :: %{
  :api_key => String.t(),
  :model => String.t(),
  optional(:max_tokens) => pos_integer(),
  optional(:system_prompt) => String.t(),
  optional(:api_url) => String.t(),
  optional(:api_version) => String.t(),
  optional(:extra_headers) => [{String.t(), String.t()}],
  optional(:extra_body) => map(),
  optional(:req_options) => keyword(),
  optional(:extended_thinking) => keyword(),
  optional(:on_event) => (term() -> :ok),
  optional(:cache) => boolean(),
  optional(:memory) => {module(), term()}
}


      


Configuration for the Anthropic provider. See the module doc for field
semantics.

  


        

      

      
        Functions


        


  
    
      
    
    
      stream(messages, tool_defs, config, on_chunk)



        
          
        

    

  


  

      

          @spec stream(
  [Alloy.Message.t()],
  [Alloy.Provider.tool_def()],
  config(),
  (String.t() -> :ok)
) ::
  {:ok, Alloy.Provider.completion_response()} | {:error, term()}


      


Stream a completion using Anthropic's SSE streaming API.
Calls on_chunk for each text delta as it arrives. Accumulates all
content blocks and returns the same {:ok, completion_response()} shape
as complete/3 once the stream finishes.

  


        

      


  

    
Alloy.Provider.Codex 
    



      
Provider for ChatGPT-plan-backed Codex execution via codex exec.
This provider treats Codex as a structured completion backend rather than a
full agent runtime. Alloy remains responsible for the tool loop, while Codex
receives the current transcript and available tool definitions, then returns
JSON describing either a final assistant response or one or more tool calls.
Config
Required:
	:model - Codex model name (for example "gpt-5.4")

Optional:
	:codex_bin - Executable path (default: "codex")
	:workdir - Directory passed to codex exec (defaults to a temp dir)
	:profile - Optional Codex config profile
	:codex_home - Override CODEX_HOME instead of creating an isolated temp home
	:auth_path - Override source auth.json copied into the isolated home
(default: ~/.codex/auth.json)
	:tmp_dir - Parent for the provider's temp working directory
(default: System.tmp_dir!/0)
	:timeout_ms - Timeout for a single codex exec invocation
(default: 120_000)
	:receive_timeout - Optional turn deadline timeout injected by Alloy's
retry loop; when present it caps :timeout_ms
	:command_runner - Test hook matching System.cmd/3
	:system_prompt - System prompt string

Notes
	Authentication is handled by the local codex CLI login state.
	By default the provider creates a minimal temporary CODEX_HOME containing
only auth.json, which avoids pulling in the user's full MCP/plugin config.
	Usage accounting is not exposed by codex exec in a structured form yet,
so this provider currently reports zero token counts.
	Streaming is emulated by running a normal completion and replaying the final
text to the provided callback.


      


      
        Summary


  
    Types
  


    
      
        config()

      


        Configuration for the Codex provider. See the module doc for field semantics.



    





      


      
        Types


        


  
    
      
    
    
      config()



        
          
        

    

  


  

      

          @type config() :: %{
  :model => String.t(),
  optional(:codex_bin) => String.t(),
  optional(:workdir) => String.t(),
  optional(:profile) => String.t(),
  optional(:codex_home) => String.t(),
  optional(:auth_path) => String.t(),
  optional(:tmp_dir) => String.t(),
  optional(:timeout_ms) => pos_integer(),
  optional(:receive_timeout) => pos_integer(),
  optional(:system_prompt) => String.t(),
  optional(:command_runner) => (String.t(), [String.t()], keyword() ->
                                  {String.t(), integer()})
}


      


Configuration for the Codex provider. See the module doc for field semantics.

  


        

      


  

    
Alloy.Provider.Gemini 
    



      
Provider for Google's Gemini GenerateContent API.
Normalizes Gemini's contents / parts wire format to Alloy messages,
including function calling and thinking-part round-tripping.
Config
Required:
	:api_key - Gemini API key
	:model - Model name (for example "gemini-2.5-flash")

Optional:
	:max_tokens - Max output tokens (default: 4096)
	:system_prompt - System prompt string
	:api_url - Base URL (default: "https://generativelanguage.googleapis.com")
	:api_version - API version path (default: "v1beta")
	:generation_config - Raw Gemini generationConfig fields
	:tool_config - Raw Gemini toolConfig
	:safety_settings - Raw Gemini safetySettings
	:extra_headers - Additional headers as [{name, value}]
	:req_options - Additional options passed to Req

Example
Alloy.run("Summarize this code.",
  provider: {Alloy.Provider.Gemini,
    api_key: System.get_env("GEMINI_API_KEY"),
    model: "gemini-2.5-flash"
  }
)

      


      
        Summary


  
    Types
  


    
      
        config()

      


        Configuration for the Gemini provider. See the module doc for field
semantics.



    





      


      
        Types


        


  
    
      
    
    
      config()



        
          
        

    

  


  

      

          @type config() :: %{
  :api_key => String.t(),
  :model => String.t(),
  optional(:max_tokens) => pos_integer(),
  optional(:system_prompt) => String.t(),
  optional(:api_url) => String.t(),
  optional(:api_version) => String.t(),
  optional(:generation_config) => map(),
  optional(:tool_config) => map(),
  optional(:safety_settings) => [map()],
  optional(:extra_headers) => [{String.t(), String.t()}],
  optional(:req_options) => keyword()
}


      


Configuration for the Gemini provider. See the module doc for field
semantics.

  


        

      


  

    
Alloy.Provider.OpenAI 
    



      
Provider for OpenAI's Responses API.
Normalizes OpenAI's response output items (assistant messages + function
calls) to Alloy's content-block format.
Config
Required:
	:api_key - OpenAI API key
	:model - Model name (e.g., "gpt-5.4", "gpt-5.1", "o3-pro")

Optional:
	:max_tokens - Max output tokens (default: 4096)
	:system_prompt - System prompt string
	:api_url - Base URL (default: "https://api.openai.com"). Can point to
compatible Responses APIs such as xAI's "https://api.x.ai"
	:provider_state - opaque provider-owned state carried across turns.
For Responses APIs Alloy uses %{response_id: "..."}
	:store - Persist the response server-side when supported
	:include - Additional response fields to include
	:tool_choice - Provider-native tool selection mode
	:parallel_tool_calls - Whether the provider may issue tool calls in parallel
	:previous_response_id - Explicit Responses continuation ID. Overrides
provider_state.response_id when both are present
	:built_in_tools - provider-native tool definitions to append to custom
function tools
	:web_search - true or a config map to append a web_search tool
	:x_search - true or a config map to append an x_search tool
	:req_options - Additional options passed to Req

In stateless mode (store not true with no previous response ID), Alloy
automatically requests encrypted reasoning content and round-trips opaque
reasoning output items between tool calls.
Example
Alloy.run("Summarize this code.",
  provider: {Alloy.Provider.OpenAI,
    api_key: System.get_env("OPENAI_API_KEY"),
    model: "gpt-5.4"
  }
)

Alloy.run("Review this repo",
  provider: {Alloy.Provider.OpenAI,
    api_key: System.get_env("XAI_API_KEY"),
    api_url: "https://api.x.ai",
    model: "grok-4"
  }
)

      


      
        Summary


  
    Types
  


    
      
        config()

      


        Configuration for the OpenAI provider. See the module doc for field
semantics.



    





      


      
        Types


        


  
    
      
    
    
      config()



        
          
        

    

  


  

      

          @type config() :: %{
  :api_key => String.t(),
  :model => String.t(),
  optional(:max_tokens) => pos_integer(),
  optional(:system_prompt) => String.t(),
  optional(:api_url) => String.t(),
  optional(:provider_state) => map(),
  optional(:store) => boolean(),
  optional(:include) => [String.t()],
  optional(:tool_choice) => String.t() | map(),
  optional(:parallel_tool_calls) => boolean(),
  optional(:previous_response_id) => String.t(),
  optional(:built_in_tools) => [map()],
  optional(:web_search) => boolean() | map(),
  optional(:x_search) => boolean() | map(),
  optional(:req_options) => keyword()
}


      


Configuration for the OpenAI provider. See the module doc for field
semantics.

  


        

      


  

    
Alloy.Provider.OpenAICompat 
    



      
Generic OpenAI-compatible provider.
Works with any API that implements the OpenAI chat completions format:
DeepSeek, Mistral, xAI/Grok, Ollama, OpenRouter, Together, Groq, etc.
Config
Required:
	:api_url - Base URL (e.g., "https://api.deepseek.com",
"https://api.mistral.ai", "https://api.x.ai", "http://localhost:11434")
	:model - Model name

Optional:
	:api_key - API key (omit for local providers like Ollama)
	:max_tokens - Max output tokens (default: 4096)
	:system_prompt - System prompt string
	:chat_path - Path to completions endpoint (default: "/v1/chat/completions")
	:extra_headers - Additional headers as [{name, value}]
	:req_options - Additional options passed to Req

Examples
# DeepSeek
Alloy.run("Hello",
  provider: {Alloy.Provider.OpenAICompat,
    api_key: System.get_env("DEEPSEEK_API_KEY"),
    api_url: "https://api.deepseek.com",
    model: "deepseek-chat"
  }
)

# Ollama (no API key)
Alloy.run("Hello",
  provider: {Alloy.Provider.OpenAICompat,
    api_url: "http://localhost:11434",
    model: "llama4"
  }
)

# xAI chat completions compatibility
Alloy.run("Hello",
  provider: {Alloy.Provider.OpenAICompat,
    api_key: System.get_env("XAI_API_KEY"),
    api_url: "https://api.x.ai",
    model: "grok-code-fast-1"
  }
)

# Mistral (mistral-large-latest and -2512 are in the built-in
# model catalog, so context budgeting works out of the box)
Alloy.run("Hello",
  provider: {Alloy.Provider.OpenAICompat,
    api_key: System.get_env("MISTRAL_API_KEY"),
    api_url: "https://api.mistral.ai",
    model: "mistral-large-latest"
  }
)

      


      
        Summary


  
    Types
  


    
      
        config()

      


        Configuration for the OpenAI-compatible provider. :api_key is optional
(omit for local providers like Ollama). See the module doc for field
semantics.



    





      


      
        Types


        


  
    
      
    
    
      config()



        
          
        

    

  


  

      

          @type config() :: %{
  :api_url => String.t(),
  :model => String.t(),
  optional(:api_key) => String.t(),
  optional(:max_tokens) => pos_integer(),
  optional(:system_prompt) => String.t(),
  optional(:chat_path) => String.t(),
  optional(:extra_headers) => [{String.t(), String.t()}],
  optional(:req_options) => keyword()
}


      


Configuration for the OpenAI-compatible provider. :api_key is optional
(omit for local providers like Ollama). See the module doc for field
semantics.

  


        

      


  

    
Alloy.Provider.Retry 
    



      
Provider retry, backoff, fallback, and streaming dispatch logic.
Handles exponential backoff with full jitter, retryable error
classification, fallback provider chains, and receive-timeout
injection. Extracted from Alloy.Agent.Turn to separate
provider-oriented concerns from agent loop control flow.

      


      
        Summary


  
    Functions
  


    
      
        call_with_retry(state, provider, provider_config, streaming?, on_chunk, deadline)

      


        Call a provider with retry, backoff, and fallback logic.



    





      


      
        Functions


        


  
    
      
    
    
      call_with_retry(state, provider, provider_config, streaming?, on_chunk, deadline)



        
          
        

    

  


  

      

          @spec call_with_retry(
  Alloy.Agent.State.t(),
  module(),
  map(),
  boolean(),
  function(),
  integer()
) ::
  {:ok, map()} | {:error, term()}


      


Call a provider with retry, backoff, and fallback logic.
Single entry point for all provider calls. Retries on transient errors
with exponential backoff and jitter, then falls back to configured
fallback providers if the primary provider fails.
Returns {:ok, response} or {:error, reason}.

  


        

      


  

    
Alloy.Provider.Test 
    



      
A scripted test provider that returns pre-configured responses in order.
Used for testing agent behavior without making HTTP calls. Start an Agent
process with a list of responses, then pass its pid in the config.
Usage
{:ok, pid} = Alloy.Provider.Test.start_link([
  Alloy.Provider.Test.text_response("Hello!"),
  Alloy.Provider.Test.text_response("Goodbye!")
])

config = %{agent_pid: pid}

{:ok, resp1} = Alloy.Provider.Test.complete([msg], [], config)
# resp1 contains "Hello!"

{:ok, resp2} = Alloy.Provider.Test.complete([msg], [], config)
# resp2 contains "Goodbye!"

      


      
        Summary


  
    Functions
  


    
      
        complete(messages, tool_defs, map)

      


        Pops the next scripted response from the agent.



    


    
      
        error_response(reason)

      


        Builds a scripted {:error, reason} response.



    


    
      
        slow_text_response(text, delay_ms \\ 200)

      


        Builds a scripted response that sleeps for delay_ms milliseconds before
returning. Useful for testing that callers remain responsive during long
LLM turns.



    


    
      
        start_link(responses)

      


        Starts an Agent process holding the list of scripted responses.



    


    
      
        stream(messages, tool_defs, config, on_chunk)

      


        Streams the next scripted response, calling on_chunk for each character
of text content. For tool_use responses, returns the response without
streaming. Consumes from the same script queue as complete/3.



    


    
      
        text_response(text)

      


        Builds a scripted {:ok, completion_response} with a simple text reply.



    


    
      
        text_response(text, provider_state)

      


        Builds a scripted {:ok, completion_response} with text and provider state.



    


    
      
        thinking_error_response(thinking_text, error_reason)

      


        Builds a scripted response that emits a thinking delta via on_event, then
returns a retryable error. Used to test that chunks_emitted? tracks
on_event emissions so retries don't re-emit thinking deltas.



    


    
      
        tool_use_response(tool_calls)

      


        Builds a scripted {:ok, completion_response} with tool_use blocks.



    





      


      
        Functions


        


  
    
      
    
    
      complete(messages, tool_defs, map)



        
          
        

    

  


  

Pops the next scripted response from the agent.
Ignores messages and tool_defs -- they exist only to satisfy the
behaviour callback. Config must contain :agent_pid.
Returns {:error, :no_more_responses} when all responses have been consumed.

  



  
    
      
    
    
      error_response(reason)



        
          
        

    

  


  

      

          @spec error_response(term()) :: {:error, term()}


      


Builds a scripted {:error, reason} response.

  



    

  
    
      
    
    
      slow_text_response(text, delay_ms \\ 200)



        
          
        

    

  


  

      

          @spec slow_text_response(String.t(), non_neg_integer()) ::
  {:with_delay, non_neg_integer(), {:ok, Alloy.Provider.completion_response()}}


      


Builds a scripted response that sleeps for delay_ms milliseconds before
returning. Useful for testing that callers remain responsive during long
LLM turns.

  



  
    
      
    
    
      start_link(responses)



        
          
        

    

  


  

      

          @spec start_link(ok: Alloy.Provider.completion_response(), error: term()) ::
  {:ok, pid()}


      


Starts an Agent process holding the list of scripted responses.
Returns {:ok, pid} where the pid should be placed in the config
as :agent_pid.

  



  
    
      
    
    
      stream(messages, tool_defs, config, on_chunk)



        
          
        

    

  


  

Streams the next scripted response, calling on_chunk for each character
of text content. For tool_use responses, returns the response without
streaming. Consumes from the same script queue as complete/3.

  



  
    
      
    
    
      text_response(text)



        
          
        

    

  


  

      

          @spec text_response(String.t()) :: {:ok, Alloy.Provider.completion_response()}


      


Builds a scripted {:ok, completion_response} with a simple text reply.

  



  
    
      
    
    
      text_response(text, provider_state)



        
          
        

    

  


  

      

          @spec text_response(String.t(), map()) :: {:ok, Alloy.Provider.completion_response()}


      


Builds a scripted {:ok, completion_response} with text and provider state.

  



  
    
      
    
    
      thinking_error_response(thinking_text, error_reason)



        
          
        

    

  


  

      

          @spec thinking_error_response(String.t(), term()) ::
  {:thinking_then_error, String.t(), term()}


      


Builds a scripted response that emits a thinking delta via on_event, then
returns a retryable error. Used to test that chunks_emitted? tracks
on_event emissions so retries don't re-emit thinking deltas.

  



  
    
      
    
    
      tool_use_response(tool_calls)



        
          
        

    

  


  

      

          @spec tool_use_response([Alloy.Message.content_block()]) ::
  {:ok, Alloy.Provider.completion_response()}


      


Builds a scripted {:ok, completion_response} with tool_use blocks.

  


        

      


  

    
Alloy.Provider.XAI 
    



      
Provider for xAI's Grok models.
Thin wrapper around Alloy.Provider.OpenAI that sets xAI defaults.
xAI implements the OpenAI Responses API at https://api.x.ai.
Config
Required:
	:api_key - xAI API key
	:model - Model name (e.g., "grok-4.3",
"grok-4.1-fast-reasoning", "grok-code-fast-1")

Optional:
	:web_search - true or config map to enable Grok's web search tool
	:x_search - true or config map to enable search across X posts
	All options from Alloy.Provider.OpenAI (:max_tokens, :tool_choice, etc.)

Example
Alloy.run("What's happening on X today?",
  provider: {Alloy.Provider.XAI,
    api_key: System.get_env("XAI_API_KEY"),
    model: "grok-4.3",
    web_search: true
  }
)
With X search
Alloy.run("What are people saying about Elixir agents?",
  provider: {Alloy.Provider.XAI,
    api_key: System.get_env("XAI_API_KEY"),
    model: "grok-4",
    x_search: true
  }
)

      


      
        Summary


  
    Types
  


    
      
        config()

      


        Configuration for the xAI provider. Inherits the full Alloy.Provider.OpenAI
config surface plus :web_search and :x_search for Grok's native search
tools. :api_url defaults to "https://api.x.ai".



    





      


      
        Types


        


  
    
      
    
    
      config()



        
          
        

    

  


  

      

          @type config() :: Alloy.Provider.OpenAI.config()


      


Configuration for the xAI provider. Inherits the full Alloy.Provider.OpenAI
config surface plus :web_search and :x_search for Grok's native search
tools. :api_url defaults to "https://api.x.ai".

  


        

      


  

    
Alloy.Tool behaviour
    



      
Behaviour for tools that agents can call.
Required Callbacks
Every tool must implement name/0, description/0, input_schema/0,
and execute/2.
Optional Callbacks
Tools may optionally implement:
	allowed_callers/0 — declares which callers may invoke this tool
(:human, :code_execution). Defaults to [:human].
	result_type/0 — declares whether the tool returns :text or
:structured data. Defaults to :text.
	strict?/0 — requests provider strict-mode schema enforcement. Defaults
to false.
	input_examples/0 — example inputs for providers that support advanced
tool-use metadata. Defaults to [].
	defer_loading?/0 — requests provider-side deferred loading where
supported. Defaults to false.

Structured Results
Tools can return a 3-tuple {:ok, text, data} where text is the
human-readable result and data is a map of structured data for
programmatic consumption (e.g., by a code execution sandbox).
Path Security
Set :allowed_paths in the agent context to restrict file access:
Alloy.run("Read the config",
  context: %{allowed_paths: ["/home/user/project"]},
  tools: [Alloy.Tool.Core.Read]
)
When configured, resolve_path/2 returns {:error, reason} for
paths outside the allowed directories.
Example
defmodule MyApp.Tools.Weather do
  @behaviour Alloy.Tool

  @impl true
  def name, do: "get_weather"

  @impl true
  def description, do: "Get current weather for a location"

  @impl true
  def input_schema do
    %{
      type: "object",
      properties: %{location: %{type: "string", description: "City name"}},
      required: ["location"]
    }
  end

  @impl true
  def execute(%{"location" => loc}, _context) do
    {:ok, "72°F, sunny in #{loc}", %{temp: 72, condition: "sunny", location: loc}}
  end

  @impl true
  def allowed_callers, do: [:human, :code_execution]

  @impl true
  def result_type, do: :structured
end

      


      
        Summary


  
    Callbacks
  


    
      
        allowed_callers()

      


        Declares which callers may invoke this tool.



    


    
      
        concurrent?()

      


        Whether this tool is safe to run concurrently with other tools.
State-mutating tools (file write, bash) should return false.
Defaults to true when not implemented.



    


    
      
        defer_loading?()

      


        Whether providers that support deferred tool loading should defer this tool.



    


    
      
        description()

      


        Human-readable description of what the tool does.



    


    
      
        execute(input, context)

      


        Execute the tool with the given input.



    


    
      
        input_examples()

      


        Example tool inputs for provider tool-use guidance.



    


    
      
        input_schema()

      


        JSON Schema defining the tool's input parameters.



    


    
      
        max_result_chars()

      


        Maximum characters in the tool result before truncation.
The executor truncates results exceeding this, keeping head + tail.
Defaults to :unlimited when not implemented.



    


    
      
        name()

      


        Unique tool name (used in API calls).



    


    
      
        result_type()

      


        Declares the tool's result type.



    


    
      
        strict?()

      


        Whether providers should use strict schema enforcement for this tool.



    





  
    Functions
  


    
      
        inline(fields)

      


        Build an inline tool — a tool defined as data instead of a module.



    


    
      
        resolve_path(file_path, context)

      


        Resolve a file path against the working directory from context.



    





      


      
        Callbacks


        


  
    
      
    
    
      allowed_callers()


        (optional)


        
          
        

    

  


  

      

          @callback allowed_callers() :: [:human | :code_execution]


      


Declares which callers may invoke this tool.
	:human — the tool can be called by the model during normal conversation
	:code_execution — the tool can be called from a code execution sandbox

Defaults to [:human] when not implemented. Providers that support
allowed_callers (e.g., Anthropic) include this in the tool definition
sent to the API.

  



  
    
      
    
    
      concurrent?()


        (optional)


        
          
        

    

  


  

      

          @callback concurrent?() :: boolean()


      


Whether this tool is safe to run concurrently with other tools.
State-mutating tools (file write, bash) should return false.
Defaults to true when not implemented.

  



  
    
      
    
    
      defer_loading?()


        (optional)


        
          
        

    

  


  

      

          @callback defer_loading?() :: boolean()


      


Whether providers that support deferred tool loading should defer this tool.

  



  
    
      
    
    
      description()



        
          
        

    

  


  

      

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


      


Human-readable description of what the tool does.

  



  
    
      
    
    
      execute(input, context)



        
          
        

    

  


  

      

          @callback execute(input :: map(), context :: map()) ::
  {:ok, String.t()} | {:ok, String.t(), map()} | {:error, String.t()}


      


Execute the tool with the given input.
Context is a map that may contain:
	:working_directory - base path for file operations
	:config - agent config struct
	:allowed_paths - list of allowed directory prefixes for file access
	any custom keys added by middleware

Returns {:ok, string} or {:error, string} for text-only results.
Optionally returns {:ok, string, map} to include structured data
alongside the text (for programmatic consumption by code execution).

  



  
    
      
    
    
      input_examples()


        (optional)


        
          
        

    

  


  

      

          @callback input_examples() :: [map()]


      


Example tool inputs for provider tool-use guidance.

  



  
    
      
    
    
      input_schema()



        
          
        

    

  


  

      

          @callback input_schema() :: map()


      


JSON Schema defining the tool's input parameters.

  



  
    
      
    
    
      max_result_chars()


        (optional)


        
          
        

    

  


  

      

          @callback max_result_chars() :: pos_integer() | :unlimited


      


Maximum characters in the tool result before truncation.
The executor truncates results exceeding this, keeping head + tail.
Defaults to :unlimited when not implemented.

  



  
    
      
    
    
      name()



        
          
        

    

  


  

      

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


      


Unique tool name (used in API calls).

  



  
    
      
    
    
      result_type()


        (optional)


        
          
        

    

  


  

      

          @callback result_type() :: :text | :structured


      


Declares the tool's result type.
	:text — tool returns {:ok, String.t()} (the default)
	:structured — tool returns {:ok, String.t(), map()}

Used by the executor and downstream consumers to know whether
structured data is available in the tool result metadata.

  



  
    
      
    
    
      strict?()


        (optional)


        
          
        

    

  


  

      

          @callback strict?() :: boolean()


      


Whether providers should use strict schema enforcement for this tool.
Strict tools must declare additionalProperties: false on their top-level
input schema. Alloy validates this instead of mutating the schema silently.

  


        

      

      
        Functions


        


  
    
      
    
    
      inline(fields)



        
          
        

    

  


  

      

          @spec inline(keyword() | map()) :: Alloy.Tool.Inline.t()


      


Build an inline tool — a tool defined as data instead of a module.
Accepts the same information as the behaviour callbacks, as options.
The returned Alloy.Tool.Inline struct can be passed in tools:
alongside tool modules. Use this for tools discovered at runtime
(e.g., an MCP server's tool list) or one-off tools that don't warrant
a module:
lookup =
  Alloy.Tool.inline(
    name: "lookup_user",
    description: "Look up a user by email",
    input_schema: %{
      type: "object",
      properties: %{email: %{type: "string"}},
      required: ["email"]
    },
    execute: fn %{"email" => email}, _context ->
      case MyApp.Accounts.get_by_email(email) do
        nil -> {:error, "No user with email " <> email}
        user -> {:ok, "User: " <> user.name}
      end
    end
  )
See Alloy.Tool.Inline for all options. Raises ArgumentError on
invalid definitions.

  



  
    
      
    
    
      resolve_path(file_path, context)



        
          
        

    

  


  

      

          @spec resolve_path(String.t(), map()) :: {:ok, String.t()} | {:error, String.t()}


      


Resolve a file path against the working directory from context.
Absolute paths are returned as-is. Relative paths are joined with
the :working_directory from context, or expanded from cwd if not set.
When :allowed_paths is set in context, validates the resolved path
falls within one of the allowed directories. Returns {:error, reason}
if the path is outside the allowed directories.

  


        

      


  

    
Alloy.Tool.Core.Bash 
    



      
Built-in tool: execute shell commands via bash -rc (restricted shell).
Returns stdout/stderr merged with the exit code appended. Output is
truncated at 30,000 characters to prevent context overflow.
Commands that exceed the timeout are killed and return an error.
Security
By default, commands run in restricted bash (bash -r), which prevents:
	Changing directories with cd
	Setting or unsetting SHELL, ENV, BASH_ENV, or PATH
	Specifying commands containing /
	Redirecting output with >, >>, etc.

Set :bash_restricted to false in the agent's :context map to
disable restricted mode.
Configure :allowed_paths in context to restrict file tool access.
Usage
config = %{tools: [Alloy.Tool.Core.Bash], ...}
The agent can then call:
%{command: "ls -la", timeout: 5000}

      


      
        Summary


  
    Types
  


    
      
        executor()

      


        A custom command executor. Receives the shell command string and the working
directory path, and must return {output, exit_code}.



    





      


      
        Types


        


  
    
      
    
    
      executor()



        
          
        

    

  


  

      

          @type executor() :: (command :: String.t(), dir :: String.t() ->
                 {String.t(), non_neg_integer()})


      


A custom command executor. Receives the shell command string and the working
directory path, and must return {output, exit_code}.
The default executor calls System.cmd/3. Supply a custom executor via
the :bash_executor key in the agent's :context map to sandbox or
proxy shell execution.

  


        

      


  

    
Alloy.Tool.Core.Edit 
    



      
Built-in tool: search-and-replace edits on files.
Finds old_string in the file and replaces it with new_string.
By default, the match must be unique (appears exactly once). Set
replace_all: true to replace all occurrences. Returns an error
if no match is found or if the match is ambiguous.
Usage
config = %{tools: [Alloy.Tool.Core.Edit], ...}
The agent can then call:
%{file_path: "lib/app.ex", old_string: "v1", new_string: "v2"}

      




  

    
Alloy.Tool.Core.Read 
    



      
Built-in tool: read files with line numbers.
Returns file contents formatted as line_number\tcontent (matching
cat -n output). Supports pagination via :offset and :limit
parameters, defaulting to the first 2,000 lines.
Usage
config = %{tools: [Alloy.Tool.Core.Read], ...}
The agent can then call:
%{file_path: "lib/app.ex", offset: 10, limit: 50}

      




  

    
Alloy.Tool.Core.Write 
    



      
Built-in tool: write files, creating parent directories as needed.
Overwrites the target file completely. Parent directories are created
automatically via File.mkdir_p!/1. Paths are resolved against the
agent's :working_directory context.
Usage
config = %{tools: [Alloy.Tool.Core.Write], ...}
The agent can then call:
%{file_path: "lib/new_file.ex", content: "defmodule NewFile do\nend"}

      




  

    
Alloy.Tool.Executor 
    



      
Executes tool calls and returns result messages.
Supports parallel execution via Task.Supervisor.async_stream -
multiple tool calls in a single assistant response are
executed concurrently under Alloy.TaskSupervisor.

      


      
        Summary


  
    Functions
  


    
      
        execute_all(tool_calls, tool_fns, state)

      


    


    
      
        execute_all(tool_calls, tool_fns, state, opts)

      


    





      


      
        Functions


        


  
    
      
    
    
      execute_all(tool_calls, tool_fns, state)



        
          
        

    

  


  

      

          @spec execute_all(
  [map()],
  %{required(String.t()) => Alloy.Tool.Registry.tool()},
  Alloy.Agent.State.t()
) ::
  Alloy.Message.t() | {:halted, String.t()}


      



  



  
    
      
    
    
      execute_all(tool_calls, tool_fns, state, opts)



        
          
        

    

  


  

      

          @spec execute_all(
  [map()],
  %{required(String.t()) => Alloy.Tool.Registry.tool()},
  Alloy.Agent.State.t(),
  keyword()
) :: {:ok, Alloy.Message.t(), [map()]} | {:halted, String.t()}


      



  


        

      


  

    
Alloy.Tool.Inline 
    



      
A tool defined as data instead of a module.
Module tools (Alloy.Tool) are the right shape for tools you own and
test. Inline tools cover the cases modules can't: tools discovered at
runtime (an MCP server's tool list, a database of user-defined actions)
and one-off tools that don't warrant a file.
Build one with Alloy.Tool.inline/1:
weather =
  Alloy.Tool.inline(
    name: "get_weather",
    description: "Get current weather for a location",
    input_schema: %{
      type: "object",
      properties: %{location: %{type: "string"}},
      required: ["location"]
    },
    execute: fn %{"location" => loc}, _context ->
      {:ok, "22°C and clear in " <> loc}
    end
  )

Alloy.run("What's the weather in Sydney?",
  provider: provider,
  tools: [weather, Alloy.Tool.Core.Read]
)
tools: accepts inline tools and tool modules interchangeably.
Fields
Required:
	:name - unique tool name (string, used in API calls)
	:description - what the tool does, for the model
	:input_schema - JSON Schema map for the input
	:execute - 2-arity function (input, context) returning
{:ok, text}, {:ok, text, structured_data}, or {:error, reason} —
the same contract as Alloy.Tool.execute/2

Optional:
	:concurrent? - safe to run in parallel with other tools
(default true, matching module tools without a concurrent?/0)
	:max_result_chars - cap on result text, or :unlimited
(default nil, no cap)
	:allowed_callers - as Alloy.Tool.allowed_callers/0
(default nil, omitted from the tool definition)
	:result_type - as Alloy.Tool.result_type/0
(default nil, omitted from the tool definition)
	:strict - request provider strict-mode schema enforcement
(default false)
	:input_examples - example input maps for providers that support them
(default [])
	:defer_loading - request provider-side deferred tool loading
(default false)
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        t()
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      t()



        
          
        

    

  


  

      

          @type t() :: %Alloy.Tool.Inline{
  allowed_callers: [atom()] | nil,
  concurrent?: boolean(),
  defer_loading: boolean(),
  description: String.t(),
  execute: (map(), map() ->
              {:ok, String.t()}
              | {:ok, String.t(), map()}
              | {:error, String.t()}),
  input_examples: [map()],
  input_schema: map(),
  max_result_chars: pos_integer() | :unlimited | nil,
  name: String.t(),
  result_type: :text | :structured | nil,
  strict: boolean()
}


      



  


        

      


  

    
Alloy.Tool.Registry 
    



      
Builds tool schemas and function maps from tool definitions.
Takes a list of modules implementing Alloy.Tool and/or
Alloy.Tool.Inline structs (see Alloy.Tool.inline/1) and produces:
	Tool definitions (JSON Schema format for providers)
	A dispatch map from tool name → module or inline struct
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    Types
  


    
      
        tool()

      


    





  
    Functions
  


    
      
        build(tools)

      


        Build tool definitions and dispatch map from a list of tools.
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      tool()



        
          
        

    

  


  

      

          @type tool() :: module() | Alloy.Tool.Inline.t()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      build(tools)



        
          
        

    

  


  

      

          @spec build([tool()]) :: {[map()], %{required(String.t()) => tool()}}


      


Build tool definitions and dispatch map from a list of tools.
Each entry is either a module implementing Alloy.Tool or an
Alloy.Tool.Inline struct. Returns {tool_defs, tool_fns} where:
	tool_defs is a list of maps suitable for provider APIs
	tool_fns maps tool name strings to their implementing tool


  


        

      


  

    
Alloy.Context.Compactor 
    



      
Summary-based context compaction.
When the conversation approaches the configured reserve threshold, Alloy
preserves the first message, keeps a recent verbatim token window, and
replaces older context with a structured handoff summary. If summary
generation fails, Alloy falls back to deterministic truncation.
Compaction options live under compaction::
	:clear_tool_results - clear old bulky tool-result content before
summary generation (default true)
	:keep_recent_tool_results - newest tool results to preserve verbatim
when clearing (default 3)
	:summary_system_prompt - system prompt used for summary generation
	:summary_prompt - user prompt instructions appended after the
serialized conversation


      


      
        Summary


  
    Functions
  


    
      
        compact_messages(messages, opts \\ [])

      


        Compacts messages, preserving the first message and the most recent N messages.



    


    
      
        force_compact(state)

      


        Forces compaction regardless of reserve budget.
Used when the provider rejects the prompt as too long.



    


    
      
        maybe_compact(state, opts \\ [])

      


        Compacts state messages when they exceed max_tokens - reserve_tokens.



    


    
      
        summary_prefix()

      


        Prefix used for synthetic handoff summary messages inserted by the compactor.
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      compact_messages(messages, opts \\ [])



        
          
        

    

  


  

      

          @spec compact_messages(
  [Alloy.Message.t()],
  keyword()
) :: [Alloy.Message.t()]


      


Compacts messages, preserving the first message and the most recent N messages.
This helper intentionally stays deterministic and provider-free so it can serve
as the fallback truncation strategy.
Options
	:keep_recent - number of recent messages to preserve (default 10)


  



  
    
      
    
    
      force_compact(state)



        
          
        

    

  


  

      

          @spec force_compact(Alloy.Agent.State.t()) :: Alloy.Agent.State.t()


      


Forces compaction regardless of reserve budget.
Used when the provider rejects the prompt as too long.

  



    

  
    
      
    
    
      maybe_compact(state, opts \\ [])



        
          
        

    

  


  

      

          @spec maybe_compact(
  Alloy.Agent.State.t(),
  keyword()
) :: {:compacted | :unchanged, Alloy.Agent.State.t()}


      


Compacts state messages when they exceed max_tokens - reserve_tokens.
Returns {:compacted, state} when compaction occurred, or
{:unchanged, state} when already within budget.

  



  
    
      
    
    
      summary_prefix()



        
          
        

    

  


  

      

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


      


Prefix used for synthetic handoff summary messages inserted by the compactor.

  


        

      


  

    
Alloy.Memory behaviour
    



      
Behaviour for a memory store compatible with Anthropic's memory_20250818
tool.
Alloy's memory primitive mirrors Anthropic's client-side memory tool
contract one-for-one: six commands operating on a /memories directory
tree, where Anthropic defines the protocol (command vocabulary, return
string formats, path validation rules) and the store owns the backing
bytes. This matches the BetaAbstractMemoryTool split in the official
Python SDK.
Usage
defmodule MyApp.Memory.Disk do
  @behaviour Alloy.Memory

  @impl true
  def view(store, path), do: # ...
  @impl true
  def create(store, path, file_text), do: # ...
  # ... etc
end

Alloy.run("Remember that the user prefers SI units",
  provider: {Alloy.Provider.Anthropic, api_key: key, model: "claude-sonnet-4-6"},
  memory: {MyApp.Memory.Disk, root: "/var/agent/memories"}
)
The store term
The first argument to every callback is an opaque store term that
Alloy passes through verbatim. Its contents are whatever the second
element of the {Module, opts} tuple holds: a keyword list, a map, a
pid(), a struct — the store module decides.
Alloy intentionally does NOT bake session scoping into the contract:
multi-session isolation is the store's job, not the protocol's. If
you want per-session memory trees, pass session_id: "..." inside
your store opts and let the store namespace internally.
Path rules
All paths must start with /memories/ (no leading path traversal,
no absolute filesystem paths leaking in). Alloy.Memory.validate_path/1
enforces this before routing a call to the store — the store does
not need to re-check.
Provider support
As of Alloy 0.12.0, only Alloy.Provider.Anthropic wires the
memory_20250818 tool. Configuring :memory with any other provider
raises at Alloy.run/2 entry. When other providers ship their own
memory primitives, Alloy will route accordingly.
References
	Anthropic memory tool docs
	Context management announcement (2025-09-29)
	Python SDK BetaAbstractMemoryTool
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    Types
  


    
      
        path()

      


        A path rooted at /memories/. Enforced by validate_path/1 before
the callback is invoked.



    


    
      
        result()

      


        Every callback returns a text result (sent back to the model as the
tool_result content) or an error. For view on a directory, the text
result is the directory listing rendered however the store prefers
(one path per line is conventional).



    


    
      
        store()

      


        Opaque store handle. Whatever the user puts in the {Module, opts}
tuple's second element — Alloy treats it as an opaque term.



    





  
    Callbacks
  


    
      
        create(store, path, file_text)

      


        Create (or overwrite) path with file_text. Parent directories
are created implicitly.



    


    
      
        delete(store, path)

      


        Delete the file or directory at path (recursively for directories).



    


    
      
        insert(store, path, insert_line, text)

      


        Insert text at 1-based line insert_line in the file at path.
insert_line == 0 inserts at the top of the file.



    


    
      
        rename(store, old_path, new_path)

      


        Rename old_path to new_path. Both paths must be under /memories/.



    


    
      
        str_replace(store, path, old_str, new_str)

      


        Replace the first occurrence of old_str with new_str inside the
file at path. The store should return an error if old_str is
not found or if the match is non-unique — the model uses the error
message to decide what to do next.



    


    
      
        view(store, path)

      


        Read a file or list a directory at path.



    





  
    Functions
  


    
      
        validate_path(path)

      


        Validate that path is rooted at /memories/ and contains no
upward traversal. Returns {:ok, normalized} or {:error, reason}.
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      path()



        
          
        

    

  


  

      

          @type path() :: String.t()


      


A path rooted at /memories/. Enforced by validate_path/1 before
the callback is invoked.

  



  
    
      
    
    
      result()



        
          
        

    

  


  

      

          @type result() :: {:ok, String.t()} | {:error, term()}


      


Every callback returns a text result (sent back to the model as the
tool_result content) or an error. For view on a directory, the text
result is the directory listing rendered however the store prefers
(one path per line is conventional).

  



  
    
      
    
    
      store()



        
          
        

    

  


  

      

          @type store() :: term()


      


Opaque store handle. Whatever the user puts in the {Module, opts}
tuple's second element — Alloy treats it as an opaque term.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      create(store, path, file_text)



        
          
        

    

  


  

      

          @callback create(store(), path(), file_text :: String.t()) :: result()


      


Create (or overwrite) path with file_text. Parent directories
are created implicitly.

  



  
    
      
    
    
      delete(store, path)



        
          
        

    

  


  

      

          @callback delete(store(), path()) :: result()


      


Delete the file or directory at path (recursively for directories).

  



  
    
      
    
    
      insert(store, path, insert_line, text)



        
          
        

    

  


  

      

          @callback insert(store(), path(), insert_line :: non_neg_integer(), text :: String.t()) ::
  result()


      


Insert text at 1-based line insert_line in the file at path.
insert_line == 0 inserts at the top of the file.

  



  
    
      
    
    
      rename(store, old_path, new_path)



        
          
        

    

  


  

      

          @callback rename(store(), old_path :: path(), new_path :: path()) :: result()


      


Rename old_path to new_path. Both paths must be under /memories/.

  



  
    
      
    
    
      str_replace(store, path, old_str, new_str)



        
          
        

    

  


  

      

          @callback str_replace(store(), path(), old_str :: String.t(), new_str :: String.t()) ::
  result()


      


Replace the first occurrence of old_str with new_str inside the
file at path. The store should return an error if old_str is
not found or if the match is non-unique — the model uses the error
message to decide what to do next.

  



  
    
      
    
    
      view(store, path)



        
          
        

    

  


  

      

          @callback view(store(), path()) :: result()


      


Read a file or list a directory at path.
For files, return the file content. For directories, return a
directory listing the model can parse. Returning {:error, :enoent}
is a valid answer for a path that has never been written.

  


        

      

      
        Functions


        


  
    
      
    
    
      validate_path(path)



        
          
        

    

  


  

      

          @spec validate_path(String.t()) :: {:ok, path()} | {:error, String.t()}


      


Validate that path is rooted at /memories/ and contains no
upward traversal. Returns {:ok, normalized} or {:error, reason}.
The returned path has any ./ segments collapsed and no trailing
slash (except the root /memories/).

  


        

      


  

    
Alloy.Memory.Router 
    



      
Routes memory_20250818 tool calls to a configured Alloy.Memory
store.
This module is deliberately independent of Alloy.Tool.Executor.
Anthropic's memory tool is a typed tool ({"type": "memory_20250818"}),
not a generic function tool — its command vocabulary, argument shape,
and result-string conventions are fixed by the provider contract, so
it does not benefit from the generic tool pipeline's concurrency,
tagging, or schema validation.
The router's job is narrow: take a list of memory tool-use blocks,
dispatch each command to the store in order, and return the matching
tool_result blocks.

      


      
        Summary


  
    Functions
  


    
      
        dispatch_all(tool_calls, arg)

      


        Dispatch a list of memory tool-use blocks to the configured store.



    


    
      
        memory_call?(arg1)

      


        Predicate: is this tool-use block a memory call?



    


    
      
        tool_name()

      


        Returns the tool name that provider wiring uses for the
memory_20250818 tool. Exposed so providers and Turn can
partition tool calls without re-declaring the string.



    





      


      
        Functions


        


  
    
      
    
    
      dispatch_all(tool_calls, arg)



        
          
        

    

  


  

      

          @spec dispatch_all(
  [map()],
  {module(), term()}
) :: [map()]


      


Dispatch a list of memory tool-use blocks to the configured store.
Returns [%{type: "tool_result", tool_use_id: id, content: text, is_error: bool}]
in the same order as the input blocks.
memory_config is the {module, opts} tuple that Alloy.run/2
received as the :memory option. The second element is passed to
every callback as the opaque store term.

  



  
    
      
    
    
      memory_call?(arg1)



        
          
        

    

  


  

      

          @spec memory_call?(map()) :: boolean()


      


Predicate: is this tool-use block a memory call?

  



  
    
      
    
    
      tool_name()



        
          
        

    

  


  

      

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


      


Returns the tool name that provider wiring uses for the
memory_20250818 tool. Exposed so providers and Turn can
partition tool calls without re-declaring the string.

  


        

      


  

    
Alloy.Middleware behaviour
    



      
Behaviour for middleware that wraps the agent loop.
Middleware runs at defined hook points:
	:before_completion - Before calling the provider
	:after_completion - After provider response with :end_turn (final state)
	:after_compaction - After context compaction occurs (only fires when messages changed)
	:after_tool_request - After provider response with :tool_use (gates tool execution)
	:after_tool_execution - After tools have been executed
	:on_error - When an error occurs

Middleware can modify state (e.g., add logging, enforce policies,
track metrics) but should not change the fundamental loop behavior.
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    Types
  


    
      
        call_result()

      


    


    
      
        hook()

      


    





  
    Callbacks
  


    
      
        call(hook, t)

      


        Called at the specified hook point. Returns modified state,
{:block, reason} for :before_tool_call to prevent execution,
or {:halt, reason} to stop the entire agent loop immediately.



    





  
    Functions
  


    
      
        run(hook, state)

      


        Runs all middleware for a given hook point.



    


    
      
        run_before_tool_call(state, tool_call)

      


        Runs :before_tool_call middleware for a single tool call.
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      call_result()



        
          
        

    

  


  

      

          @type call_result() ::
  Alloy.Agent.State.t()
  | {:block, String.t()}
  | {:halt, String.t()}
  | {:edit, map()}


      



  



  
    
      
    
    
      hook()



        
          
        

    

  


  

      

          @type hook() ::
  :before_completion
  | :after_completion
  | :after_compaction
  | :after_tool_request
  | :after_tool_execution
  | :on_error
  | :before_tool_call
  | :session_start
  | :session_end


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      call(hook, t)



        
          
        

    

  


  

      

          @callback call(hook(), Alloy.Agent.State.t()) :: call_result()


      


Called at the specified hook point. Returns modified state,
{:block, reason} for :before_tool_call to prevent execution,
or {:halt, reason} to stop the entire agent loop immediately.

  


        

      

      
        Functions


        


  
    
      
    
    
      run(hook, state)



        
          
        

    

  


  

      

          @spec run(hook(), Alloy.Agent.State.t()) ::
  Alloy.Agent.State.t() | {:halted, String.t()}


      


Runs all middleware for a given hook point.
Middleware can return {:halt, reason} to stop processing immediately
and mark the agent as halted. Returns either the final state or
{:halted, reason} tuple.

  



  
    
      
    
    
      run_before_tool_call(state, tool_call)



        
          
        

    

  


  

      

          @spec run_before_tool_call(Alloy.Agent.State.t(), map()) ::
  :ok | {:block, String.t()} | {:edit, map()} | {:halted, String.t()}


      


Runs :before_tool_call middleware for a single tool call.
Injects the tool call into state.config.context[:current_tool_call]
before running middleware. Returns :ok, {:block, reason},
{:edit, modified_call}, or {:halted, reason}.
The {:edit, modified_call} return lets middleware rewrite tool arguments
before execution. The modified call must keep the same :id and :name.
Note: {:edit, ...}, {:block, ...}, and {:halt, ...} all stop the
middleware chain immediately. The first middleware that returns one of
these wins — subsequent middleware modules will not see the tool call.

  


        

      


  

    
Alloy.Testing 
    



      
ExUnit helpers for testing agents built with Alloy.
use Alloy.Testing imports convenience functions that eliminate
boilerplate when writing tests for your agent. All helpers use
Alloy.Provider.Test under the hood — no HTTP calls are made.
Example
defmodule MyAgent.Test do
  use ExUnit.Case, async: true
  use Alloy.Testing

  test "agent greets the user" do
    result = run_with_responses("Hello", [
      text_response("Hi there!")
    ])

    assert result.status == :completed
    assert last_text(result) == "Hi there!"
  end

  test "agent uses the weather tool" do
    result = run_with_responses("What's the weather?", [
      tool_response("get_weather", %{location: "Sydney"}),
      text_response("It's 22°C in Sydney.")
    ])

    assert_tool_called(result, "get_weather")
    assert last_text(result) =~ "Sydney"
  end
end

      


      
        Summary


  
    Functions
  


    
      
        assert_tool_called(result, tool_name)

      


        Assert that a tool was called during the conversation.



    


    
      
        assert_tool_called(result, tool_name, input_match)

      


        Assert that a tool was called with input matching a partial map.



    


    
      
        error_response(reason)

      


        Build a scripted error response for the test provider.



    


    
      
        last_text(state)

      


        Extract the text content from the last assistant message in a result.



    


    
      
        refute_tool_called(result, tool_name)

      


        Assert that a tool was NOT called during the conversation.



    


    
      
        run_with_responses(prompt, responses, opts \\ [])

      


        Run the agent turn loop with scripted provider responses.



    


    
      
        text_response(text)

      


        Build a scripted text response for the test provider.



    


    
      
        tool_calls(arg1)

      


        Extract all tool call blocks from the conversation.



    


    
      
        tool_response(tool_name, input)

      


        Build a scripted tool use response for the test provider.
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      assert_tool_called(result, tool_name)


        (macro)


        
          
        

    

  


  

Assert that a tool was called during the conversation.
Optionally match against the tool's input with a partial map.
Examples
assert_tool_called(result, "bash")
assert_tool_called(result, "read", %{"file_path" => "mix.exs"})

  



  
    
      
    
    
      assert_tool_called(result, tool_name, input_match)


        (macro)


        
          
        

    

  


  

Assert that a tool was called with input matching a partial map.

  



  
    
      
    
    
      error_response(reason)



        
          
        

    

  


  

      

          @spec error_response(term()) :: {:error, term()}


      


Build a scripted error response for the test provider.
Shortcut for Alloy.Provider.Test.error_response/1.

  



  
    
      
    
    
      last_text(state)



        
          
        

    

  


  

      

          @spec last_text(Alloy.Agent.State.t() | map()) :: String.t() | nil


      


Extract the text content from the last assistant message in a result.
Returns nil if there are no assistant messages.

  



  
    
      
    
    
      refute_tool_called(result, tool_name)


        (macro)


        
          
        

    

  


  

Assert that a tool was NOT called during the conversation.

  



    

  
    
      
    
    
      run_with_responses(prompt, responses, opts \\ [])



        
          
        

    

  


  

      

          @spec run_with_responses(String.t(), [term()], keyword()) :: Alloy.Agent.State.t()


      


Run the agent turn loop with scripted provider responses.
Takes a user prompt and a list of scripted responses (built with
text_response/1, tool_response/2, or error_response/1).
Returns the final Alloy.Agent.State struct.
Options
	:tools - list of tool modules or inline tools (default: an inline echo tool)
	:system_prompt - system prompt string
	:max_turns - maximum turns (default: 10)
	:middleware - list of middleware modules
	:working_directory - working directory for tools
	:context - context map passed to tools and middleware (default: %{})


  



  
    
      
    
    
      text_response(text)



        
          
        

    

  


  

      

          @spec text_response(String.t()) :: {:ok, map()}


      


Build a scripted text response for the test provider.
Shortcut for Alloy.Provider.Test.text_response/1.

  



  
    
      
    
    
      tool_calls(arg1)



        
          
        

    

  


  

      

          @spec tool_calls(Alloy.Agent.State.t() | map()) :: [map()]


      


Extract all tool call blocks from the conversation.
Returns a list of maps with :name, :id, and :input keys.

  



  
    
      
    
    
      tool_response(tool_name, input)



        
          
        

    

  


  

      

          @spec tool_response(String.t(), map()) :: {:ok, map()}


      


Build a scripted tool use response for the test provider.
Takes a tool name and input map, generates a tool call block with
a unique ID.
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