

    

        GenAgent

        v0.7.0



    


  

    Table of contents

    
      



      	GenAgent


      	Upgrading GenAgent


      	Changelog


      	LICENSE


      	Backends





    	Patterns
      


      	Patterns Overview


      	Solo


      	Switchboard


      	Research


      	Debate


      	Consensus


      	Pipeline


      	Supervisor


      	Pool


      	Watcher


      	Heartbeat


      	Checkpointer


      	Retry


      	Workspace



      

    




        	
          Modules
          

    	Core
      


      	GenAgent


      	GenAgent.Backend


      	GenAgent.Event


      	GenAgent.Response


      	GenAgent.Telemetry



      

    




        



      

    

  

    GenAgent

[image: CI]
[image: Hex.pm]
[image: Docs]
A behaviour and supervision framework for long-running LLM agent processes,
modeled as OTP state machines.
This repository contains six independently versioned Hex packages. Install
only the packages an application needs; core has no dependency on a CLI
wrapper or HTTP client.
	Package	Source	Purpose
	gen_agent	.	Agent behaviour, lifecycle, and supervision
	gen_agent_claude	integrations/claude	Claude CLI backend
	gen_agent_codex	integrations/codex	Codex CLI backend
	gen_agent_anthropic	integrations/anthropic	Anthropic HTTP backend
	gen_agent_openai	integrations/openai	OpenAI HTTP backend
	gen_agent_ensemble	extensions/ensemble	Multi-agent strategies

The claude_wrapper and
codex_wrapper repositories
remain independent.
Each agent is a :gen_statem process wrapping a persistent LLM session.
Every interaction is a prompt-response turn, and the implementation decides
what happens between turns.
It is a GenServer but every call is a prompt.

GenAgent handles the mechanics of turns. Implementations handle the
semantics of turns.
Installation
def deps do
  [
    {:gen_agent, "~> 0.7.0"}, # x-release-please-version
    # Plus at least one backend:
    {:gen_agent_claude, "~> 0.2.0"},
    {:gen_agent_codex, "~> 0.4.0"},
    {:gen_agent_anthropic, "~> 0.3.0"},
    {:gen_agent_openai, "~> 0.3.0"}
  ]
end
Quick start
Define an implementation module by using the GenAgent behaviour:
defmodule MyApp.Coder do
  use GenAgent

  defmodule State do
    defstruct [:path, responses: []]
  end

  @impl true
  def init_agent(opts) do
    path = Keyword.fetch!(opts, :cwd)

    backend_opts = [
      cwd: path,
      system_prompt: "You are a coding assistant."
    ]

    {:ok, backend_opts, %State{path: path}}
  end

  @impl true
  def handle_response(_ref, response, state) do
    {:noreply, %{state | responses: state.responses ++ [response.text]}}
  end
end
Start the agent under the supervision tree and interact with it by name:
{:ok, _pid} = GenAgent.start_agent(MyApp.Coder,
  name: "my-coder",
  backend: GenAgent.Backends.Claude,
  cwd: "/path/to/project"
)

# Synchronous prompt.
{:ok, response} = GenAgent.ask("my-coder", "What does lib/foo.ex do?")
IO.puts(response.text)

# Async prompt.
{:ok, ref} = GenAgent.tell("my-coder", "Add tests for lib/foo.ex")
GenAgent.poll("my-coder", ref)
#=> {:ok, :pending} while the turn runs, then {:ok, :completed, response}

# Or have the outcome sent to you as a message.
{:ok, ref} = GenAgent.tell_with_completion("my-coder", "Run the tests")

receive do
  {:gen_agent, :completion, "my-coder", ^ref, {:ok, response}} -> IO.puts(response.text)
  {:gen_agent, :completion, "my-coder", ^ref, {:error, reason}} -> IO.inspect(reason)
end

# Push an external event into handle_event/2.
GenAgent.notify("my-coder", {:ci_failed, "test_auth"})

GenAgent.stop("my-coder")
One interface for Claude and Codex
Use the same callback module and GenAgent API for both providers. Select
the backend when starting each agent:
gen_agent owns the agent process, prompt tasks, callbacks, and queue.
gen_agent_claude and gen_agent_codex implement the backend contract,
translate provider events, and retain each provider's session identifier.
Those backends call claude_wrapper and codex_wrapper, respectively;
the wrappers build CLI arguments, parse output, and select a runner for
the external process. Add both backend packages to one application when
agents need both CLIs. Select a backend per agent, then use the same
GenAgent.ask/3, tell/3, poll/3, and interruption APIs for either.
defmodule MyApp.Assistant do
  use GenAgent

  @impl true
  def init_agent(opts) do
    {:ok, [cwd: Keyword.fetch!(opts, :cwd)], %{}}
  end

  @impl true
  def handle_response(_ref, _response, state), do: {:noreply, state}
end

for {name, backend} <- [
      {"claude", GenAgent.Backends.Claude},
      {"codex", GenAgent.Backends.Codex}
    ] do
  {:ok, _pid} = GenAgent.start_agent(MyApp.Assistant,
    name: name, backend: backend, cwd: "/path/to/project"
  )
end

{:ok, response} = GenAgent.ask("claude", "Explain this project")
{:ok, ref} = GenAgent.tell("codex", "Explain this project")
GenAgent.poll("codex", ref) # {:ok, :pending} while queued or running
Either agent supports ask, tell, and poll; the interaction style is
independent of the provider. Install both backend packages and configure
their CLIs before starting them. Backend-specific options and capabilities
can differ: return the appropriate options from init_agent/1 when adding
model settings, instructions, or permissions. Each agent keeps its own
provider session.
For a runnable OTP application that starts Claude and Codex behind one
entry point, see the local GenAgent app example.
State model
An agent is a state machine with two states:
idle --- ask/tell/notify ---> processing
                                  |
                                  v
idle <--- handle_response --- processing (turn done)
	:idle -- waiting for work. On enter, drains the mailbox (queued
prompts) in FIFO order.
	:processing -- a prompt is in flight. One at a time. New prompts
queue.
	Self-chaining -- handle_response/3 can return {:prompt, text, state}
to immediately dispatch another turn without going through the mailbox.
Useful for multi-step work that the agent drives itself.
	Halting -- handle_response/3, handle_error/3, handle_event/2,
or pre_turn/2 can return {:halt, state} to go idle but freeze the
mailbox. A halted agent ignores queued prompts until GenAgent.resume/1
is called.
	Watchdog -- a :state_timeout kills any turn that runs longer than
the :watchdog_ms deadline (positive integer milliseconds or :infinity,
default 10 minutes). :max_tell_results (non-negative integer, default 100)
bounds how many tell/2 results poll/2 retains; zero retains none.

Lifecycle hooks
In addition to the core callbacks, v0.2 adds four optional lifecycle
hooks for fine-grained control over what happens around each turn and
around the agent's full run:
	Hook	When it fires	Typical use
	pre_run/1	Once, after init_agent/1, before the first turn	Slow async setup: clone a repo, create a worktree, fetch secrets
	pre_turn/2	Before each prompt dispatch	Prompt augmentation, rate limiting, :skip/:halt as a gate
	post_turn/3	After each turn, post-decision	State-mutating side effects: commit per turn, record usage
	post_run/1	On clean {:halt, state} from a decision callback or pre_turn/2	Completion actions: open a PR, post a summary

All four are optional with default no-op implementations. The guiding
principle is telemetry first, callbacks for state mutation --
observational use cases (log tokens, emit metrics) should use the
existing telemetry events; callbacks exist specifically for hooks that
need to mutate agent_state or block the next transition.
See the Workspace pattern guide for a complete
example exercising all four hooks in sequence around a git workspace.
Backends
GenAgent ships with a GenAgent.Backend behaviour and no built-in backend.
Pick one of the sibling packages or write your own:
	Backend	Package	Transport
	Claude (Anthropic)	gen_agent_claude	claude CLI via claude_wrapper
	Codex (OpenAI)	gen_agent_codex	codex CLI via codex_wrapper
	Anthropic HTTP	gen_agent_anthropic	direct HTTP API via req
	OpenAI HTTP	gen_agent_openai	Responses API via req

A backend owns its session lifecycle, translates the LLM-specific event
stream into the normalized GenAgent.Event values the state machine
consumes, and carries any state it needs (session id, message history) in
an opaque session term.
The contract has three required callbacks (start_session/1, prompt/2,
terminate_session/1). prompt/3 and checkpoint_session/2 let CLI
backends acknowledge a session ID during an active turn, so a later failure
or interruption does not discard it. update_session/2 and
resume_session/2 remain optional. See GenAgent.Backend for details.
See the Backends guide for backend implementation rules and a capability and option comparison.
Public API
	Function	What it does
	start_agent/2	Start an agent under the supervision tree.
	ask/3	Synchronous prompt. Blocks until the turn finishes.
	tell/3	Async prompt. Returns a ref for poll/3.
	tell_with_completion/4	Async prompt with a request-scoped completion message.
	poll/3	Check on a previously-issued tell/3.
	notify/2	Push an external event into handle_event/2.
	notify_ack/3	Wait for an in-memory notification admission result.
	interrupt/1	Cancel an in-flight turn.
	interrupt_request/3	Acknowledge cancellation only if the active request ref matches.
	cancel_request/3	Remove a queued tell by its exact request ref.
	resume/1	Unhalt an agent and drain its mailbox.
	status/2	Read the agent's current state.
	runtime_snapshot/2	Read bounded runtime metadata and pending-input counts.
	stop/1	Terminate the agent.
	child_spec/2	Build an agent child spec for a caller-owned supervisor.
	stop/2	Terminate an agent under a caller-owned supervisor.
	whereis/1	Look up an agent's pid.

Names resolve through a Registry, so callers address agents by name
(any term). Agents use restart: :temporary: a crashed or stopped agent
must be started explicitly, and its previous state is not restored.
runtime_snapshot/2 reports the coordinator's current phase, halted
flag, queued prompt and buffered notification counts, pending self-chain,
and active request ref, origin and elapsed/watchdog time. It contains no
prompt, callback state, backend session or event payload. It is a
point-in-time observation, not durable state or permission to dispatch.
The older status/2 API remains available; its agent_state is the
server's latest retained state, not a live read of an in-flight task.
Request completion messages
Use tell_with_completion/4 when a caller needs the exact request ref
and an asynchronous terminal outcome:
{:ok, ref} = GenAgent.tell_with_completion("my-coder", "Run the tests")

receive do
  {:gen_agent, :completion, "my-coder", ^ref, {:ok, response}} ->
    IO.puts(response.text)

  {:gen_agent, :completion, "my-coder", ^ref, {:error, reason}} ->
    IO.inspect(reason)
end
The optional third argument selects a recipient pid; it defaults to the
caller. The agent registers that recipient when it accepts the request,
so a fast response or pre_turn/2 skip can send the completion before
the call returns. Match on the ref, which works with
interrupt_request/3 while active or cancel_request/3 while queued.
Pending-queue overload returns an error without a ref or completion
message. Accepted queued requests deliver after
their turn, or deliver {:error, :cancelled} when cancelled before
dispatch. Backend errors, gate skip/halt/invalid, interruption, and
watchdog expiry deliver error outcomes. For started turns, the message
is sent after turn decision and post_turn/3 callbacks. It is sent at
most once for each accepted request.
Delivery does not depend on the bounded poll-result cache. It is an
in-memory BEAM send, not durable delivery: a dead recipient loses its
message, and agent death before a terminal outcome leaves the request
uncertain. Monitor the agent if its death matters; a replacement under
the same name uses new refs. A crashing decision callback stops the
agent before completion. Neither a completion nor an agent monitor
proves that an external provider process has settled.
Pending input bounds
Each agent admits at most 1,000 pending prompts and 1,000 deferred
notifications by default, with a separate 1,048,576-byte payload cap
for each queue. Configure :max_pending_prompts,
:max_pending_prompt_bytes, :max_pending_notifications, and
:max_pending_notification_bytes in start_agent/2 or child_spec/2.
Values must be non-negative integers; zero disables the corresponding
pending queue. Byte use is the sum of :erlang.external_size/1 for
queued prompt strings or event terms. The active prompt and events
handled immediately while idle are outside these pending caps.
ask/3 and tell/3 return {:error, {:overloaded, info}} before
acceptance when a pending prompt does not fit. A rejected tell/3
returns no pollable ref. info identifies the queue, count or byte
limit, current count and bytes, incoming bytes, and configured maxima.
notify_ack/3 returns :ok after the event is handled or retained, or
the same typed overload error if admission fails. It acknowledges
in-memory processing, not durable delivery. Existing notify/2 is a
best-effort cast: its immediate :ok does not mean the event fit. Use
the rejection telemetry event to observe cast overloads.
Deferred event callbacks may generate prompts when a turn finishes.
Those prompts use the bounded pending-prompt queue; on overload,
handle_error/3 receives the reason. Self-chain prompts from
handle_response/3 or handle_error/3 use one reserved slot outside
the prompt count cap, but must fit the prompt byte cap. A halted agent
retains admitted work until resume/1; interruption or completion
releases queue capacity as work is drained. These limits bound accepted
internal storage, not arbitrary messages already waiting in the BEAM
process mailbox before admission is processed. Stream-output capture
and external provider cancellation have their own contracts.
Event capture bounds
Each turn retains at most 1,000 normalized events and 1,048,576 bytes of
event terms by default. Override these positive-integer limits with
:max_events_per_turn and :max_event_bytes_per_turn in start_agent/2
or child_spec/2. Byte usage is the sum of :erlang.external_size/1
for retained events, not total process memory.
The default event_retention: :compact delivers every normalized event to
handle_stream_event/2 and continues to the terminal event. If the log
limit is reached, Response.events holds the unchanged prefix and
Response.event_coverage reports the observed, retained, and omitted
counts plus the first omission reason. Response.terminal keeps the full
terminal event separately; Response.text, usage, and session ID are built
from the full stream. Check coverage before using Response.events as a
complete record. Full response text, terminal payloads, callback state, and
provider decoder buffers can still grow beyond the event-log budget.
Set event_retention: :lossless to require the previous complete-log
contract. An event that exceeds either limit then ends the turn with
{:error, {:event_capture_overflow, diagnostics}}; the rejected event is
not delivered to handle_stream_event/2. The stream enumerable is halted,
but settlement of provider subprocesses or remote work remains the
backend's responsibility.
Supervision
The package starts a fixed supervision tree on application boot:
GenAgent.Supervisor
  GenAgent.Registry          (Registry, keys: :unique)
  GenAgent.TaskSupervisor    (Task.Supervisor)
  GenAgent.AgentSupervisor   (DynamicSupervisor)
    <your agents under here>
To own agent and prompt-task lifetimes in your application, start a
Task.Supervisor before a DynamicSupervisor in your supervision tree:
children = [
  {Task.Supervisor, name: MyApp.AgentTasks},
  {DynamicSupervisor, name: MyApp.Agents, strategy: :one_for_one}
]

{:ok, _owner} = Supervisor.start_link(children, strategy: :rest_for_one)

spec =
  GenAgent.child_spec(MyAgent,
    name: "worker-1",
    backend: MyBackend,
    task_supervisor: MyApp.AgentTasks
  )

{:ok, _agent} = DynamicSupervisor.start_child(MyApp.Agents, spec)
{:ok, response} = GenAgent.ask("worker-1", "Hello")
:ok = GenAgent.stop("worker-1", MyApp.Agents)
child_spec/2 requires an explicit, running task supervisor; it never
silently uses the global one. Both globally and caller-owned agents use
GenAgent.Registry, so names must be unique across them and normal
name-based calls work for either. stop/1 targets only the global agent
supervisor; pass the caller's DynamicSupervisor to stop/2.
The agent child is temporary and is never automatically replayed after
a crash. With :rest_for_one, failure of the task supervisor also stops
the agent supervisor. On ordinary shutdown, the agent supervisor stops
first so its agents can cancel in-flight tasks while their task supervisor
is still running. An application must reconstruct state and consumed work
from its own durable records; supervision alone does not provide recovery.
The Chaos Lab example is a keyless, executable check of
the supervision contract.
Each prompt turn runs as a Task under its selected Task.Supervisor. A
crashed task delivers :DOWN to the owning agent, which turns it into an
{:error, {:task_crashed, reason}} response for the caller -- it does not
take down the agent process.
If the selected task supervisor is unavailable before a task can start,
the request fails with :task_supervisor_unavailable, reaches
handle_error/3, and leaves the agent idle. A callback's immediate retry
is discarded in this case; a later request can run after the supervisor
returns.
The prompt task belongs to its agent: it is stopped when the agent exits,
including abrupt exits that bypass termination callbacks. Interruption and
the watchdog also stop the active prompt task. Stopping a BEAM task does
not establish that a provider's subprocess or remote request has stopped;
external cancellation and resource cleanup belong to the backend and its
transport.
Patterns
Eleven common topologies are documented as ex_doc guides shipped with
the package. Each guide is a complete worked example you can read,
copy, and adapt -- they are not installed as public API modules:
	Switchboard -- human-managed named agent fleet with
non-blocking send/poll/inbox, the base for manager-driven UIs
	Research -- one agent self-chaining through phases
	Debate -- two agents pushing each other via cross-notify
	Pipeline -- linear stage chain, one-way notify
	Supervisor -- coordinator + dynamic workers (fan-out/in)
	Pool -- reusable worker pool with round-robin dispatch
	Watcher -- reactive event-driven agent, idle until triggered
	Heartbeat -- periodic agent driven by timer events
	Checkpointer -- human-in-the-loop review workflow
	Retry -- handle_error self-chain for transient failures
	Workspace -- all four lifecycle hooks around a git workspace

Start with the patterns overview for a "choose your
pattern" decision tree.
Telemetry
GenAgent emits telemetry events for observability:
[:gen_agent, :turn, :start]      # content-free, %{agent, ref, origin}
[:gen_agent, :turn, :stop]       # content-free, duration_ms
[:gen_agent, :turn, :error]      # content-free, duration_ms, reason_kind
[:gen_agent, :turn, :rejected]   # declined before dispatch; no matching start
[:gen_agent, :prompt, :start]    # %{agent, ref}
[:gen_agent, :prompt, :stop]     # %{agent, ref, duration}
[:gen_agent, :prompt, :error]    # %{agent, ref, reason}
[:gen_agent, :event, :received]  # %{agent, event}
[:gen_agent, :state, :changed]   # %{agent, from, to}
[:gen_agent, :mailbox, :queued]  # %{agent, depth}
[:gen_agent, :input, :rejected]  # %{agent, reason: {:overloaded, info}}
[:gen_agent, :halted]            # %{agent}
Enough to build a communication graph, track latency, alert on stuck
agents. Attach handlers with :telemetry.attach/4. Use the :turn
events for ordinary metrics: older prompt/event events can carry
prompts, raw errors, or agent state. GenAgent.Telemetry documents
measurements, units, ordering, and data handling.
What GenAgent does not do
	Prescribe agent behavior. No retry logic, no STATUS line conventions,
no summary format. That is all implementation concern.
	Prescribe inter-agent communication. Agents can notify/2 each other
by name, but the message format is up to you.
	Manage persistence. If you want to persist agent state across
restarts, do it in terminate_agent/2 and init_agent/1.
	Manage pools. One agent = one session = one process. If you want a
pool, start multiple and route to them.
	Track costs or budgets. Usage data is in GenAgent.Response.usage.
Do what you want with it.

Testing
mix test
mix format --check-formatted
mix credo --strict
mix dialyzer

These commands check the root package. Run scripts/quality.sh to validate
all six packages; see the contributor guide
for setup and release conventions.
The test suite uses an in-process GenAgent.Backends.Mock (in
test/support/) that lets you script backend responses without any
external process. See test/gen_agent/server_test.exs for examples.
License
MIT. See LICENSE.


  

    Upgrading GenAgent

Runtime changes since 0.2.0
The core package and its integrations have separate versions. Check the
version of gen_agent, as well as the version of the adapter you use,
before changing an application's dependency requirements.
	Core version	Change to account for
	0.2.2	A turn that exceeds the retained-event count or byte limit fails with {:error, {:event_capture_overflow, diagnostics}}.
	0.3.0	Pending prompts and notifications have bounded queues. ask/3 and tell/3 can reject admission with {:error, {:overloaded, info}}; tell_with_completion/4 adds request-scoped completion messages.
	0.5.0	Queued tells can be cancelled by ref with cancel_request/3.
	0.6.0	Compact event retention is the default: long turns can succeed while Response.events contains only a prefix. Check Response.event_coverage; choose event_retention: :lossless for the earlier overflow contract. Claude and Codex checkpoint session IDs during a turn, so an interrupted or failed turn can retain its conversation ID.

Event evidence and long turns
From 0.2.2 through 0.5.0, the default limits are 1,000 normalized events
and 1,048,576 bytes of retained event terms per turn. An event that does not
fit fails the turn with {:event_capture_overflow, diagnostics}; the rejected
event is not passed to handle_stream_event/2. Both limits can be changed
with positive integers in start_agent/2 or child_spec/2:
GenAgent.start_agent(MyApp.Agent,
  name: "worker",
  backend: GenAgent.Backends.Codex,
  max_events_per_turn: 5_000,
  max_event_bytes_per_turn: 8_388_608
)
In 0.6.0, compact retention still calls
handle_stream_event/2 for every normalized event, but retains only the
prefix that fits. The terminal result, full response text, latest usage, and
session ID remain separate from that prefix. A consumer that treats
Response.events as a complete trace must check coverage first:
case GenAgent.ask("worker", "Inspect the project") do
  {:ok, %{event_coverage: %{mode: :exact}} = response} ->
    {:complete_log, response.events}

  {:ok, %{event_coverage: %{mode: :compact}} = response} ->
    {:partial_log, response.events, response.event_coverage, response.terminal}

  {:error, reason} ->
    {:error, reason}
end
For callers that require the previous fail-on-truncation behavior, set
event_retention: :lossless when starting the agent and handle
{:error, {:event_capture_overflow, diagnostics}}. If a full log must be
stored, raise the limits to suit the workload or persist events as they
arrive in handle_stream_event/2; neither mode makes provider output or
callback state unbounded-memory safe. See Event capture bounds
for the precise retention and callback contract.
Admission and return shapes
Since 0.3.0, each agent has separate pending-prompt and deferred-notification
queues. Each defaults to 1,000 items and 1,048,576 bytes of queued payloads.
The active prompt and notifications handled while idle do not count as
pending. Set :max_pending_prompts, :max_pending_prompt_bytes,
:max_pending_notifications, and :max_pending_notification_bytes at agent
startup; zero disables the corresponding pending queue. These are admission
limits, not total BEAM mailbox or process-memory limits.
Replace success-only matches with handling for rejection. An overloaded
tell/3 returns no ref to poll or cancel:
case GenAgent.tell("worker", "Review the diff") do
  {:ok, ref} ->
    {:accepted, ref}

  {:error, {:overloaded, %{queue: :prompts} = info}} ->
    {:rejected, info}

  {:error, reason} ->
    {:error, reason}
end
ask/3 can return the same overload shape before accepting a turn. The
caller must decide whether to retry after capacity returns; rejected tells
have no corresponding result to poll. The
info map includes :limit (:count or :bytes), current count and bytes,
incoming bytes, and configured maxima. notify/2 still returns :ok for a
cast even if the agent later rejects it; use notify_ack/3 for an immediate
in-memory admission result. Admission is not durable delivery. See
Pending input bounds.
Codex backend options
The Codex adapter validates the options returned by an agent's
init_agent/1. An unknown option such as :system, :system_prompt, or
:max_tokens causes agent startup to return
{:error, {:backend_start_failed, {:unsupported_option, option}}}.
Options such as :cd, :add_dirs, and :search cannot be preserved across
codex exec resume and return {:unsupported_resume_option, option} inside
the startup error. Use :cwd or :working_dir for the persistent directory;
put Codex instructions in AGENTS.md or Codex configuration. For example,
an agent's callback can return {:ok, [cwd: path, sandbox: :read_only], state}.
See Codex backend options
for the accepted keys; Claude and Codex do not share one option schema.
Dependency requirements
An application requirement such as {:gen_agent, "~> 0.2.0"} excludes
0.3.0 and later; update it deliberately after adapting the return shapes.
The four adapter Mix projects accept core 0.2 through 0.6 through an explicit
or requirement, rather than pinning only 0.2. For core 0.6.0, use the
compatible adapter release lines: Claude 0.2.0, Codex 0.4.0, Anthropic 0.3.0,
or OpenAI 0.3.0. Ensemble 0.3.0 accepts core 0.3 through 0.6. Earlier
published adapter and Ensemble releases may exclude 0.6. Run mix deps.get
and your application tests after updating both core and integration
requirements.
Source repository migration
The public Hex package and Elixir module names are unchanged. Applications
using published packages do not need a new dependency name. Update local
source paths and repository links when moving to this checkout:
	Package	New source	Previous repository
	gen_agent_claude	integrations/claude	gen_agent_claude
	gen_agent_codex	integrations/codex	gen_agent_codex
	gen_agent_anthropic	integrations/anthropic	gen_agent_anthropic
	gen_agent_openai	integrations/openai	gen_agent_openai
	gen_agent_ensemble	extensions/ensemble	gen_agent_ensemble

The previous repositories retain their historical issues, pull requests, and
tags. File new source issues and pull requests in
gen_agent. The
claude_wrapper and
codex_wrapper repositories
remain independent.
For local development, use this repository and run Mix from the package
directory. The sibling Mix projects resolve core and each other by path.
For a publishable archive, set GEN_AGENT_HEX=1 so the dependencies resolve
from Hex instead. See RELEASING.md
for release order and tags.
Depending on a package from another project
Pick the form that matches how the consumer gets the code. The examples use
gen_agent_claude; substitute the package name and directory from the table
above, and check the package's mix.exs for its current version.
Published Hex package
This is the supported choice for applications. No environment variable is
needed, and gen_agent resolves from Hex through the package's requirement.
{:gen_agent_claude, "~> 0.2.2"}
Git dependency on one package (sparse)
Mix can fetch a single directory of a Git repository with :sparse:
{:gen_agent_claude,
 git: "https://github.com/genagent/gen_agent.git",
 sparse: "integrations/claude"}
A sparse checkout contains only that directory, so the core project files are
absent. The package's default gen_agent dependency (path: "../..") points
at the checkout root, which has no core mix.exs. Set GEN_AGENT_HEX=1 so the package takes gen_agent from Hex. The
variable is read by the package's mix.exs each time Mix loads it, so export
it for every Mix command in the consumer, not only mix deps.get:
export GEN_AGENT_HEX=1
mix deps.get
mix compile

Without it, mix deps.get succeeds but mix compile fails: Mix cannot
compile :gen_agent because there is no mix.exs at ../...
Pin a branch, tag, or commit with ref:, branch:, or tag: when the
consumer needs a reproducible source. A git dependency still resolves
gen_agent from Hex, so the requirement in the package's mix.exs decides
which core version is used, not the commit of the core source in the same
repository.
Git dependency with a full checkout (subdir)
:subdir fetches the whole repository and uses a directory inside it as the
Mix project:
{:gen_agent_claude,
 git: "https://github.com/genagent/gen_agent.git",
 subdir: "integrations/claude"}
Here ../.. resolves to the root of the fetched repository, which contains
the core source, so the default path dependency can be satisfied without
GEN_AGENT_HEX=1. Set GEN_AGENT_HEX=1 to use the published core instead, as
in the sparse case.
Local path dependency
When working in a full checkout of this repository, point at the package
directory:
{:gen_agent_claude, path: "../gen_agent/integrations/claude"}
The package finds the core at ../.. inside that checkout, so
GEN_AGENT_HEX=1 is not needed. This is a source checkout workflow for
developing across packages. Do not use it for an application that is
published or deployed from a machine without the checkout; use the Hex
form there. If the consumer also depends on gen_agent directly, declare it
with the same path (path: "../gen_agent") or with override: true so the
two declarations agree.


  

    Changelog

0.7.0 (2026-10-06)
Features
	add response metadata field (#359) (02e6e01)
	core: deliver ref-tagged stream events to a recipient (#341) (df6d873)
	examples: bounded Consensus review loop example (part of #269) (#334) (3f174f5)
	examples: chaos lab for the supervision contract (part of #146) (#306) (35f1515)
	examples: keyless primitive examples 01 to 03 with a runner and CI job (part of #145) (#300) (3f541ea)
	examples: log triage example batching node crash reports into agent turns (part of #147) (#311) (ee435d5)
	examples: primitive examples 04 to 06, an examples index, and HTTP testing recipes (#317) (6eb6691)
	examples: read-only repository review example on the Claude backend (part of #144) (#325) (9529427)
	list registered agents (#354) (ff8c3c2)

Bug Fixes
	core: allow bounded callbacks to finish on shutdown (#405) (70a1488)
	core: attribute startup failures to the right component (#366) (1ffbe5c)
	core: contain malformed callbacks and report generated prompt failures (#402) (8b4d429)
	core: drain notifications before halt completion hooks (#401) (4c5c8c8)
	core: return not_found for missing agent calls (#379) (c78c718)
	core: stop agents after Registry registration loss (#382) (9d9fa0f)
	core: validate watchdog and tell result limits at startup (#370) (b3173fe)
	deps: allow core 0.7 in CLI adapters and Ensemble (#327) (f9d3a21)
	server: fail requests when task supervisor is unavailable (#314) (9681515)
	server: reply to asks on graceful stop (#393) (7ce6250)

0.6.2 (2026-10-02)
Bug Fixes
	backends: require compatible core for CLI adapters (#308) (286f578)

0.6.1 (2026-10-02)
Bug Fixes
	core: retain final assistant message for presentation (7580728)
	ensemble: require core 0.6 for completion-aware dispatch (d5d0d39)

0.6.0 (2026-10-02)
Features
	core: checkpoint CLI sessions during active turns (52f2919)

Bug Fixes
	core: compact retained events without losing turns (#282) (f9c9375)
	ensemble: complete dispatches when members halt (#284) (a6bac3d)
	ignore dead registered agents in whereis (#274) (f5127d9)
	redact sensitive agent state from diagnostics (#280) (3038766)

0.5.0 (2026-10-01)
Features
	core: cancel queued tells and drop orphaned asks (#161) (3438bc9)

Bug Fixes
	codex: distinguish unsupported options from resume limitations (#162) (6be8ef9)

0.4.0 (2026-10-01)
Features
	add metric-safe turn telemetry (#79) (ef064e0)

0.3.1 (2026-10-01)
Bug Fixes
	preserve boundaries between Codex agent messages (#74) (e03b4f6)

0.3.0 (2026-10-01)
Features
	bound pending runtime inputs (#41) (3a00c02)
	deliver request-scoped completion messages (#42) (882b10d)

0.2.2 (2026-10-01)
Features
	support caller-owned agent and prompt-task supervision (#31)
	expose bounded runtime snapshots with pending-input counts (#34)

Bug Fixes
	preserve callback state on terminal errors and stream EOF (#32)
	acknowledge interruption only for the current request ref (#33)
	bound retained stream events and report typed overflow (#35)
	clarify CLI backend and wrapper boundaries (#38) (70f7a0f)

0.2.1 (2026-09-30)
Bug Fixes
	refresh core task lifecycle and maintenance (#28) (de84bfc)

0.2.0 (2026-04-11)
Features
	add lifecycle hooks (pre_run, pre_turn, post_turn, post_run) (#2) (d79577d)

Bug Fixes
	defer notify events during :processing to preserve state mutations (b7b647d)
	defer notify events during :processing to preserve state mutations (07d1d90)

0.1.0 (2026-04-10)
	Initial release.
	GenAgent behaviour and supervision framework for long-running LLM
agent processes modeled as OTP state machines.
	Fix: defer notify events that arrive during :processing so
handle_event/2 state mutations are not overwritten by the
in-flight task's result (PR #1).



  

    LICENSE


MIT License

Copyright (c) 2026 Josh Rotenberg

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all
copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE.



  

    Backends

A backend connects one GenAgent process to one LLM session. It
implements the GenAgent.Backend behaviour, and the agent's state
machine calls it on boot, on every turn, and on shutdown.
This guide has two parts. "Writing a backend" lists the rules a new
backend must follow and the server code that enforces or relies on
each one. "Choosing a backend" compares the four published backends
as their current code behaves.
The state machine is the internal module GenAgent.Server in
lib/gen_agent/server.ex. Functions cited as "in server.ex" below are
functions of that module.
Writing a backend
Callbacks
Three callbacks are required:
	start_session/1 receives the backend options returned from the
agent's GenAgent.init_agent/1 and returns {:ok, session} or
{:error, reason}. The session is an opaque term owned by the
backend.
	prompt/2 receives the session and the prompt string and returns
{:ok, events, session} or {:error, reason}.
	terminate_session/1 releases whatever the session holds and
returns :ok.

Four callbacks are optional. The server checks each one with
function_exported?/3 before calling it:
	prompt/3 is the same as prompt/2 plus a context map carrying a
checkpoint function. run_prompt/7 in server.ex calls it instead
of prompt/2 when it is exported.
	checkpoint_session/2 applies an acknowledged session identifier to
the session. Required for prompt/3 checkpoints to succeed.
	update_session/2 folds a successful turn's terminal data into the
session.
	resume_session/2 is reserved. GenAgent does not call it.

The event stream
The enumerable returned from prompt/2 yields GenAgent.Event values
built with GenAgent.Event.new/2. The kinds are :text, :tool_use,
:tool_result, :usage, :result, and :error. The stream may be a
list or a lazy Stream.
The stream must end with exactly one terminal event, :result or
:error (GenAgent.Event.terminal?/1).
consume_stream/8 in server.ex stops reading at the first terminal
event, so anything after it is never consumed. A stream that ends with
no terminal event fails the turn with :no_terminal_event.
The stream is consumed inside a task started by
Task.Supervisor.async/2 in dispatch/5 in server.ex, not in the
agent process. It must be safe to enumerate from another process, and
it may block while waiting for the provider.
Two kinds of failure are distinct:
	Return {:error, reason} from prompt/2 when the prompt could not
be dispatched at all. run_prompt/7 in server.ex passes reason
to handle_error/3, and the session from before the call is kept.
	Emit a terminal :error event for failures that occur during the
turn. The session returned from prompt/2 is kept.

An exception raised while the stream is consumed crashes the task.
The server's :DOWN handler turns that into
{:task_crashed, reason}.
What the server reads from terminal events
consume_stream/8 and finish_stream/6 in server.ex read terminal
data with atom keys:
	On :error, the reason passed to handle_error/3 is
Map.get(data, :reason, :unknown). A string key such as
"reason" is not read, and the turn fails with :unknown.
	On :result, Map.get(data, :session_id) becomes
GenAgent.Response.session_id.
	On :result, a binary :text value becomes Response.text and
Response.final_message (text_from_capture/2 and
final_message_from_capture/3 in GenAgent.Response).
When :text is absent, Response.text is assembled from the
turn's :text events. A :text event with message_boundary: true
starts a separate assistant message after a blank line.
	The last :usage event's data becomes Response.usage.

The original terminal event is also kept on Response.terminal, so a
backend may put provider-specific fields in it.
How update_session/2 is called
maybe_update_session/3 in server.ex calls update_session/2 once
per turn, only when the terminal event is :result, with that event's
data map. It runs inside the prompt task, after the terminal event
is read and before the response is built. It is not called for an
:error terminal, a synchronous {:error, reason}, an interrupt, or
a watchdog timeout.
The session it returns replaces the cached session in finish_turn/5
in server.ex. If a checkpoint was acknowledged during the turn,
restore_checkpoint/3 in server.ex applies checkpoint_session/2 to
that session again before it is stored.
update_session/2 receives the session returned from prompt/2, so a
backend can change the session in either place. The Anthropic backend appends
the user message in prompt/2 and the assistant message in
update_session/2. The CLI backends change it only in
update_session/2 and checkpoint_session/2.
Checkpoints with prompt/3
A backend that learns its session identifier before the terminal
event can implement prompt/3 and call context.checkpoint.(id) as
soon as it sees the identifier. The call is a synchronous
:gen_statem.call/2 to the agent, handled by the
{:checkpoint_session, ref, id} clause of dispatch_event/4 in
server.ex:
	The identifier must be a UTF-8 binary of 1 to 1024 bytes with no
control characters, or the reply is {:error, :invalid_session_id}.
	The first identifier wins. Repeating it returns :ok. A different
identifier returns {:error, :conflicting_session_id}.
	A backend without checkpoint_session/2 gets
{:error, :unsupported_checkpoint}.
	The call must come from the active turn's prompt task itself: the
server matches both the request reference and the caller's pid. A
call from any other process, including a helper process during the
active turn, or from a task whose turn has ended, gets
{:error, :not_current}.

On success the server applies checkpoint_session/2 to its cached
session immediately, so the identifier survives a later failure,
interrupt, or watchdog timeout. The rejections in the list above that
come from the active task (:unsupported_checkpoint,
:invalid_session_id, :conflicting_session_id) are recorded, and the
turn fails with that reason even if the stream later reaches :result
(handle_task_result/3 in server.ex). {:error, :not_current} is not
recorded and does not affect any turn. The backend must
also fail its own turn when a checkpoint is rejected. The Claude and
Codex backends raise, which crashes the task.
Event capture limits
The server bounds the events it retains per turn:
	Option	Default	Set in
	:max_events_per_turn	1_000	start_agent/2 or child_spec/2
	:max_event_bytes_per_turn	1_048_576	start_agent/2 or child_spec/2
	:event_retention	:compact	start_agent/2 or child_spec/2

Bytes are the sum of :erlang.external_size/1 over retained events.
init_impl/1 in server.ex raises ArgumentError for a limit that is
not a positive integer or a retention mode other than :compact or
:lossless.
With :compact (capture_compact_event/5 in server.ex), every
event still reaches handle_stream_event/2 and the stream is read to
its terminal event. Once a limit is reached, later events are left
out of Response.events, and Response.event_coverage reports the
counts and the first omission. Response text, usage, and the terminal
event are built from the full stream.
With :lossless (capture_event/5 in server.ex), the first event
that would exceed either limit stops consumption and fails the turn
with {:event_capture_overflow, diagnostics}. The diagnostics map
carries :limit, :max_events, :max_bytes, :retained_events,
:retained_bytes, :rejected_event_kind, and
:rejected_event_bytes.
A backend that emits one event per small delta uses the event budget
faster than one that emits completed messages. Checkpoints are not
events and do not count against either limit.
Start errors
init_impl/1 in server.ex calls start_session/1 after
init_agent/1. If it returns {:error, reason}, the agent stops
during init and GenAgent.start_agent/2 returns
{:error, {:backend_start_failed, reason}}. If start_session/1
raises, init/1 in server.ex catches it and start_agent/2
returns {:error, {:init_failed, kind, reason_kind}}, where
reason_kind is the exception module, or :other for a throw or exit
that is not an exception.
Validate options and credentials in start_session/1 when they can be
checked without network access, so that misconfiguration fails at
start rather than on the first prompt.
terminate_session/1
terminate/3 in server.ex calls terminate_session/1 after it has
killed any active prompt task and called terminate_agent/2. The call
goes through safely_call/3 in server.ex, which ignores raises and
exits. It runs on a normal stop and on crashes that reach terminate/3.
It does not run when the agent is killed with :kill. Make it
idempotent and do not depend on it for cleanup that must happen.
Interruption, the watchdog, and stop
Three paths end an active turn early. All of them call
cleanup_task/1 in server.ex, which sends Process.exit(pid, :kill)
to the prompt task:
	Path	Trigger	Error delivered
	Interrupt	GenAgent.interrupt/1 or GenAgent.interrupt_request/3	:interrupted
	Watchdog	:state_timeout after :watchdog_ms (default 10 minutes)	:timeout
	Stop	GenAgent.stop/2, through terminate/3 in server.ex	none; the agent exits

The task is killed, so after blocks and stream cleanup functions in
the prompt task do not run. On stop, terminate_session/1 runs after
the task is killed, but not after :kill. The
session from the killed turn is discarded, except for identifiers
already applied through checkpoints.
Killing the BEAM task does not stop an operating system process or a
remote request. If the backend starts a subprocess, it is responsible
for making sure that subprocess exits when the task dies, for example
with a runner that kills the process group. The GenAgent.Backend
moduledoc states the same rule under "Cancellation and cleanup".
Skeleton
A backend that echoes the prompt. It implements the three required
callbacks and update_session/2:
defmodule MyApp.Backends.Echo do
  @behaviour GenAgent.Backend

  alias GenAgent.Event

  defstruct [:prefix, turns: 0]

  @impl GenAgent.Backend
  def start_session(opts) do
    case Keyword.get(opts, :prefix, "") do
      prefix when is_binary(prefix) -> {:ok, %__MODULE__{prefix: prefix}}
      other -> {:error, {:invalid_option, :prefix, other}}
    end
  end

  @impl GenAgent.Backend
  def prompt(%__MODULE__{} = session, prompt) when is_binary(prompt) do
    text = session.prefix <> prompt

    events = [
      Event.new(:text, %{text: text}),
      Event.new(:usage, %{input_tokens: 0, output_tokens: 0}),
      Event.new(:result, %{text: text, session_id: "echo"})
    ]

    {:ok, events, session}
  end

  @impl GenAgent.Backend
  def update_session(%__MODULE__{} = session, _result_data) do
    %{session | turns: session.turns + 1}
  end

  @impl GenAgent.Backend
  def terminate_session(%__MODULE__{}), do: :ok
end
The agent supplies backend options from init_agent/1:
@impl true
def init_agent(opts) do
  {:ok, [prefix: Keyword.get(opts, :prefix, "echo: ")], %{}}
end
{:ok, _pid} = GenAgent.start_agent(MyAgent, name: "echo", backend: MyApp.Backends.Echo)
{:ok, response} = GenAgent.ask("echo", "hello")
response.text
# => "echo: hello"
Choosing a backend
The table reflects the current code of each backend module and the
wrapper it calls. "Not documented" means the code in this repository
does not establish the value.
		Claude	Codex	Anthropic	OpenAI
	Module	GenAgent.Backends.Claude	GenAgent.Backends.Codex	GenAgent.Backends.Anthropic	GenAgent.Backends.OpenAI
	Transport	claude CLI, stream-json, via ClaudeWrapper.stream/2	codex exec NDJSON via CodexWrapper.Exec and ExecResume	POST /v1/messages via Req	POST /v1/responses via Req
	System prompt option	:system_prompt (also :append_system_prompt)	None. Use AGENTS.md or Codex configuration	:system	:instructions, resent every turn
	Default model	Not set by the backend; CLI default not documented	Not set by the backend; CLI default not documented	"claude-sonnet-4-5"	"gpt-5"
	Output token option	None	None	:max_tokens, default 1024	:max_output_tokens, default unset
	Session continuity	CLI session_id, passed as --resume on later turns	Codex thread_id, continued with codex exec resume	Full messages array kept in the session and resent each turn	previous_response_id with store: true
	Checkpoints (prompt/3)	Yes, from system, result, or error events	Yes, from thread.started, turn.completed, turn.failed, and error events	No	No
	Text as deltas	Yes, with :include_partial_messages (on by default)	No. One :text per completed message, with message_boundary: true	No. Text only on :result	No. Text only on :result
	Tool events	:tool_use and :tool_result from CLI content blocks	:tool_use and :tool_result from completed items	None	None
	Usage keys	:input_tokens, :output_tokens	:input_tokens, :output_tokens, :cached_input_tokens	:input_tokens, :output_tokens	:input_tokens, :output_tokens, :total_tokens, :reasoning_tokens
	Unknown options	Ignored by the wrapper; no_session_persistence: true is rejected	Rejected with {:unsupported_option, key}	Ignored	Ignored
	Credentials at start	Not checked	Not checked	{:error, :missing_api_key} without a key, unless a one-arity :http_fn is set	{:error, :missing_api_key} without a key, unless a one-arity :http_fn is set
	Cancellation of the underlying process	Default Port runner closes pipes and sends no signal; ClaudeWrapper.Runner.Forcola kills the process group	Default Port runner closes the port and sends no signal; CodexWrapper.Runner.Forcola kills the process group	Request runs in the prompt task; provider-side cancellation not documented	Request runs in the prompt task; provider-side cancellation not documented

Notes on the table
	Transport. GenAgent.Backends.Claude.prompt/2 calls the
:stream_fn option, default &ClaudeWrapper.stream/2.
GenAgent.Backends.Codex dispatches through :exec_fn, default
Exec.stream/2 on the first turn and ExecResume.stream/2 after a
thread ID is known. The HTTP backends call Req.post/2 with
retry: false and a :receive_timeout default of 60_000, through
the replaceable :http_fn option.
	System prompt. The Claude backend forwards query options to
ClaudeWrapper.Query.apply_opts/2. The Codex moduledoc states it
has no equivalent of --system-prompt. GenAgent.Backends.Anthropic
puts :system in the request body.
GenAgent.Backends.OpenAI.build_request/2 puts :instructions on
every request because the Responses API does not carry instructions
across previous_response_id.
	Default model. The CLI backends add --model only when
:model is set (ClaudeWrapper.Query, CodexWrapper.Exec). The
HTTP defaults are the @default_model attributes.
	Output tokens. Neither CLI backend lists an output token option.
On Codex, passing one is an unknown option and is rejected.
	Session continuity. GenAgent.Backends.Claude.update_session/2
and checkpoint_session/2 store session_id; the next turn drops
:session_id and :continue_session and sets :resume.
GenAgent.Backends.Codex.EventTranslator copies thread_id from
thread.started into the :result as :session_id. The Anthropic
:result carries a client-generated session_id beginning with
"anthropic-"; history lives in session.messages, and
update_session/2 removes the unanswered user message on an empty
or refused reply. The OpenAI :result carries a client-generated
session_id beginning with "openai-" and a :response_id, which
update_session/2 stores as previous_response_id.
	Text. GenAgent.Backends.Claude.EventTranslator turns stream
deltas into :text events and drops text from the completed
assistant message that was already streamed. The Codex translator
emits :text for each completed agent_message item, and its
:result has no :text, so Response.text is assembled from those
events. The HTTP backends return a list of at most two events
(:usage, then the terminal), so handle_stream_event/2 sees no
text before the turn ends.
	Tool events. The Claude translator dedupes tool events by ID.
The Codex translator emits both :tool_use and :tool_result for
completed mcp_tool_call, command_execution, and file_change
items, and ignores item.started and item.updated. Neither HTTP
backend sends tool definitions.
	Usage. On Claude, cost is on the :result data as :cost_usd,
not on the :usage event. On OpenAI, :reasoning_tokens comes from
usage.output_tokens_details.reasoning_tokens.
	Errors. Claude emits :error for CLI error events and for
result events with is_error or an error subtype. Only the
failed result case builds a map reason with :provider, :subtype,
:message, and related fields. A CLI error event passes its raw
error or message value through, for example the string
"stream_truncated" from the wrapper, so handlers must not assume a
map.
Codex emits :error for turn.failed, or for an error
notification when the stream ends without a turn outcome. OpenAI
emits :error with {:response_failed, _},
{:response_incomplete, _}, {:refusal, _}, or
{:unexpected_response_status, _}. Anthropic does not emit
:error; a refusal is a :result with stop_reason: "refusal".
Both HTTP backends return {:error, {:http_error, status, body}}
from prompt/2 for a non-200 response.
	Unknown options. GenAgent.Backends.Claude.start_session/1
rejects :no_session_persistence when it is enabled (truthy) with
{:error, {:unsupported_option, :no_session_persistence}}. Other
keys reach ClaudeWrapper.Query.apply_opts/2, whose final clause
ignores unrecognized keys; some recognized enum options raise
ArgumentError for invalid values when the command is built.
GenAgent.Backends.Codex.validate_exec_opts/1 returns
{:unsupported_resume_option, key} for :cd, :add_dirs, and
:search, {:unsupported_option, key} for any other key outside
its list, and {:invalid_approval_policy, value} for a policy other
than :untrusted, :on_request, or :never. The HTTP backends read
their options with Keyword.get/3 and ignore the rest.
	Credentials. The CLI backends take no credential option and do
not check authentication in start_session/1. The HTTP backends read
:api_key, then ANTHROPIC_API_KEY or OPENAI_API_KEY, and treat a
blank string as missing.
	Cancellation. Both CLI backends' terminate_session/1 return
:ok with nothing to close. The Port runner behaviour is described
in ClaudeWrapper.Runner.Port and CodexWrapper.Runner.Port, and the
Forcola runner is selected with
config :claude_wrapper, runner: ClaudeWrapper.Runner.Forcola or
config :codex_wrapper, runner: CodexWrapper.Runner.Forcola. The
HTTP backends' terminate_session/1 also return :ok.



  

    Patterns

GenAgent gives each agent an OTP process, a backend, and lifecycle
callbacks. The patterns in this guide cover two ways to build on it:
shipped strategies in
gen_agent_ensemble,
and callback-level reference implementations you can adapt in your own
application.
An Ensemble session owns its sub-agents under one strategy. Add
{:gen_agent_ensemble, "~> 0.1.4"} to your dependencies and start a
session with GenAgentEnsemble.start_link(name: ..., strategy: ..., opts: ...). Submit with ask for a synchronous result or tell
followed by poll or inbox. An agent spec chooses its callback module
and backend options, so one session can use different backends for
different roles. The separate
gen_agent_server
application adds named instances, bounded result retention, CLI access,
and optional scheduling around these strategies.
Shipped Ensemble strategies
	Strategy	Shape	When it fits
	GenAgentEnsemble.Strategies.Solo	One agent	A single session behind the Ensemble API.
	GenAgentEnsemble.Strategies.Switchboard	Caller-routed named agents	A human or client chooses agent: on each call.
	GenAgentEnsemble.Strategies.Pipeline	Ordered stages	Each stage's response text becomes the next prompt.
	GenAgentEnsemble.Strategies.Supervisor	Coordinator and temporary workers	Decompose one request, run independent sub-tasks, collect replies.
	GenAgentEnsemble.Strategies.Pool	Fixed reusable workers	Dispatch to the next free worker; queue requests FIFO when all are busy.
	GenAgentEnsemble.Strategies.Debate	Two alternating agents	Continue until a convergence rule or round cap ends the exchange.
	GenAgentEnsemble.Strategies.Consensus	N agents with parsed verdicts	Compare decisions against a threshold and report divergence at the round cap.

The Switchboard, Pipeline,
Supervisor, Pool, and Debate
pages predate the packaged strategies. Their callback modules are
alternative examples, not the implementations behind those strategies.
Use each strategy's module documentation for its exact options and
failure semantics. These guide pages include a short example of
starting the packaged strategy before the older callback recipe.
Single-agent callback patterns
These pages show shapes within one agent process. Read and adapt the
callback module rather than expecting an installable strategy:
When adapting a callback example, make the options returned by
init_agent/1 match the selected backend. Examples that return :system
or :max_tokens need different options for the Codex backend; see its
backend options.
	Pattern	Use
	Research	Self-chain through phases with {:prompt, ..., state}.
	Watcher	Wait for an event and decide whether it starts a turn.
	Heartbeat	React to periodic tick events.
	Checkpointer	Pause for human input while remaining resumable.
	Retry	Decide on retry and backoff in agent state.
	Workspace	Run turns in isolated Git workspaces with lifecycle hooks.

Choosing a pattern
Use Switchboard when the caller knows which named agent should
receive each request. Use Pipeline when roles have a fixed order,
and Supervisor when one request can be decomposed into temporary,
independent workers. Use Pool for a stream of independent requests
that should reuse a bounded set of workers. Debate and
Consensus
add explicit convergence rules; the latter parses categorical verdicts
from two or more agents.
Use a callback pattern for behavior inside one agent: Research for
self-directed phases, Watcher or Heartbeat for event-driven
work, Checkpointer for a human pause, Retry for recovery, and
Workspace for per-turn isolation. These shapes can also be used as
sub-agents within an Ensemble strategy.
All examples use short prompts so the process and handoff remain clear.
Write task-specific instructions and verify claims against their source
when using a real backend.


  

    Solo

GenAgentEnsemble.Strategies.Solo gives one GenAgent process the
same ask, tell, poll, and inbox interface as multi-agent
strategies. It is useful when an application may change its topology
later but wants one session API now.
simple = GenAgentEnsemble.Agents.Simple
echo = GenAgentEnsemble.Backends.Echo

{:ok, _pid} =
  GenAgentEnsemble.start_link(
    name: "assistant",
    strategy: GenAgentEnsemble.Strategies.Solo,
    opts: [agent: {"worker", simple, backend: echo}]
  )

{:ok, response} = GenAgentEnsemble.ask("assistant", "hello")
# response.text == "echo: hello"
The strategy forwards each prompt to the one agent and returns its
response. Multiple submitted turns queue through that agent's
mailbox; a turn error fails its token, and agent-process death halts
the session. Replace Echo with a backend appropriate to the task and
configure its options in the agent spec.


  

    Switchboard

Human-driven fleet of named, long-lived agent sessions. The shipped
Ensemble strategy routes each call to the named agent chosen by its
caller. The callback recipe later on this page adds per-session
history, summary, and inbox-cursor state in an application facade.
Using it from gen_agent_ensemble
GenAgentEnsemble.Strategies.Switchboard owns the named agents and
their routing. Pass agent: on every ask or tell call; there is no
implicit default.
simple = GenAgentEnsemble.Agents.Simple
echo = GenAgentEnsemble.Backends.Echo

{:ok, _pid} =
  GenAgentEnsemble.start_link(
    name: "reviewers",
    strategy: GenAgentEnsemble.Strategies.Switchboard,
    opts: [agents: [{"alice", simple, backend: echo}, {"bob", simple, backend: echo}]]
  )

{:ok, response} = GenAgentEnsemble.ask("reviewers", "review this", agent: "alice")
The rest of this page is a separate callback-level reference
implementation. Read the shipped strategy's module documentation for
its exact routing and failure behavior.
When to reach for this
You want to sit "above" a pile of agents and talk to them
imperatively. A manager (a human, an MCP host, or both) starts
sessions on demand, sends prompts, polls for results, curates a
summary per session, and advances an inbox cursor to see what's new.
The agents themselves are dumb on purpose -- every turn is a plain
{:noreply, state} and the intelligence lives in the manager.
This is the closest pattern to what people build when they first
reach for gen_agent: "I want my chat loop but for N concurrent
sessions, non-blocking."
What the callback recipe exercises
	GenAgent.start_agent/2, tell/2, poll/2, status/1,
notify_ack/2, interrupt/1, resume/1, and stop/1. Halting
uses a notification whose handle_event/2 returns {:halt, state}.
	handle_response/3 and handle_error/3 returning plain
{:noreply, state} every time. The agent never self-chains and
never halts on its own.
	handle_event/2 used only for manager-to-agent commands
(:update_summary, :ack_inbox, :halt).
	Per-session history, inbox cursor, and manager-curated summary
all live in the callback module's state.
	Telemetry events ([:gen_agent, :state, :changed],
[:gen_agent, :prompt, :start|:stop|:error], etc.) tailed from
the manager side as a live feed.

Callback reference implementation
Two modules: a SessionAgent callback module that holds the
per-session state, and a Switchboard facade that exposes a flat
set of manager-facing functions over GenAgent.*.
Switchboard.SessionAgent
defmodule Switchboard.SessionAgent do
  @moduledoc """
  GenAgent implementation for a single switchboard session.

  One process per session, anchored to a cwd, holding:

    * `path` -- the directory the session operates in
    * `summary` -- a manager-curated markdown string
    * `history` -- append-only list of completed turns
    * `inbox_cursor` -- index into history marking the last ack

  The agent never self-chains and never halts on its own. Every
  turn is a plain `{:noreply, state}` so the manager stays in
  charge. Manager notifications update the summary, acknowledge the
  inbox, or halt the session.
  """

  use GenAgent

  defmodule State do
    @moduledoc false
    defstruct path: nil,
              summary: "",
              history: [],
              inbox_cursor: 0,
              next_seq: 1
  end

  @impl true
  def init_agent(opts) do
    path = Keyword.fetch!(opts, :cwd)
    {:ok, opts, %State{path: path}}
  end

  @impl true
  def handle_response(ref, response, %State{} = state) do
    entry = %{
      status: :ok,
      seq: state.next_seq,
      ref: ref,
      text: response.text,
      usage: response.usage,
      duration_ms: response.duration_ms,
      completed_at: System.system_time(:millisecond)
    }

    {:noreply,
     %{state | history: state.history ++ [entry], next_seq: state.next_seq + 1}}
  end

  @impl true
  def handle_error(ref, reason, %State{} = state) do
    entry = %{
      status: :failed,
      seq: state.next_seq,
      ref: ref,
      error: reason,
      completed_at: System.system_time(:millisecond)
    }

    {:noreply,
     %{state | history: state.history ++ [entry], next_seq: state.next_seq + 1}}
  end

  @impl true
  def handle_event({:update_summary, markdown}, %State{} = state)
      when is_binary(markdown) do
    {:noreply, %{state | summary: markdown}}
  end

  def handle_event({:ack_inbox, seen}, %State{} = state) do
    {:noreply, %{state | inbox_cursor: max(state.inbox_cursor, seen)}}
  end

  def handle_event({:switchboard, :halt}, %State{} = state) do
    {:halt, state}
  end

  def handle_event(_other, state), do: {:noreply, state}
end
Switchboard facade
defmodule Switchboard do
  @moduledoc """
  Manager-facing API over Switchboard.SessionAgent.

  Synchronous operations return {:error, :not_found} for missing names.
  Other exits (including timeouts and crashes) propagate. State readers
  return {:error, :not_session} for another callback's state.

  interrupt/1 and resume/1 are best-effort casts: :ok does not confirm
  that a session exists. Names belong to the application; do not reuse
  a name for a replacement session while operations are in flight.
  """

  alias Switchboard.SessionAgent

  @doc "Start a session anchored to a cwd."
  def start_session(name, opts) when is_binary(name) and is_list(opts) do
    path = Keyword.fetch!(opts, :path)
    backend = Keyword.fetch!(opts, :backend)

    start_opts =
      opts
      |> Keyword.delete(:path)
      |> Keyword.put(:cwd, path)
      |> Keyword.put(:name, name)
      |> Keyword.put(:backend, backend)

    case GenAgent.start_agent(SessionAgent, start_opts) do
      {:ok, _pid} -> {:ok, name}
      err -> err
    end
  end

  @doc """
  Submit without waiting for completion. Returns {:ok, request_ref},
  {:error, {:overloaded, info}}, or {:error, :not_found}.
  Busy sessions queue prompts; halted sessions queue until resume/1.
  Admission is decided by tell/2 in one call, with no status preflight.
  """
  def submit(name, prompt) when is_binary(prompt) do
    call(fn -> GenAgent.tell(name, prompt) end)
  end

  @doc "Submit to application-owned names, retaining every admission outcome."
  def broadcast(names, prompt) do
    Enum.map(names, fn name -> {name, submit(name, prompt)} end)
  end

  @doc "Poll a previously submitted request; a missing name or ref returns not_found."
  def poll(name, ref), do: call(fn -> GenAgent.poll(name, ref) end)

  @doc """
  Return {:ok, %{new_requests: turns, summary: markdown}} from a snapshot.
  With ack: true, acknowledge only that snapshot's cursor. A turn still
  in flight remains unread. Admission may be deferred; repeated reads
  can return the same turns until the acknowledgment is applied.
  Returns {:error, {:overloaded, info}} if acknowledgment is rejected.
  """
  def inbox(name, opts \\ []) do
    with {:ok, state} <- session_state(name) do
      new_items = Enum.drop(state.history, state.inbox_cursor)
      seen = length(state.history)

      result =
        if Keyword.get(opts, :ack, false) and new_items != [] do
          call(fn -> GenAgent.notify_ack(name, {:ack_inbox, seen}) end)
        else
          :ok
        end

      with :ok <- result do
        {:ok, %{new_requests: new_items, summary: state.summary}}
      end
    end
  end

  @doc "Read the manager-curated summary as {:ok, markdown}."
  def summary_get(name) do
    with {:ok, state} <- session_state(name), do: {:ok, state.summary}
  end

  @doc """
  Update the summary. Returns :ok on admission (possibly deferred),
  {:error, {:overloaded, info}}, or {:error, :not_found}.
  """
  def summary_update(name, markdown) when is_binary(markdown) do
    call(fn -> GenAgent.notify_ack(name, {:update_summary, markdown}) end)
  end

  @doc "Return {:ok, history}, optionally limited to the last positive limit turns."
  def transcript(name, opts \\ []) do
    with {:ok, state} <- session_state(name) do
      limit = Keyword.get(opts, :limit)
      history = state.history
      {:ok, if(is_integer(limit) and limit > 0, do: Enum.take(history, -limit), else: history)}
    end
  end

  @doc "Cancel the in-flight request. Cast returns :ok even for a missing name."
  def interrupt(name), do: GenAgent.interrupt(name)

  @doc """
  Request a halt; an in-flight turn finishes before this takes effect.
  Prompts queue until resume/1. Returns :ok on admission (possibly
  deferred), {:error, {:overloaded, info}}, or {:error, :not_found}.
  """
  def halt(name), do: call(fn -> GenAgent.notify_ack(name, {:switchboard, :halt}) end)

  @doc "Resume a halted session. Cast returns :ok even for a missing name."
  def resume(name), do: GenAgent.resume(name)

  @doc "Stop a session; returns :ok or {:error, :not_found}."
  def stop_session(name), do: call(fn -> GenAgent.stop(name) end)

  defp session_state(name) do
    case call(fn -> GenAgent.status(name) end) do
      %{agent_state: %SessionAgent.State{} = state} -> {:ok, state}
      {:error, _} = error -> error
      _ -> {:error, :not_session}
    end
  end

  defp call(fun) do
    fun.()
  catch
    :exit, {:noproc, _} -> {:error, :not_found}
  end
end
Using it
# Start two sessions anchored to different projects.
{:ok, "project-a"} = Switchboard.start_session("project-a",
  path: "/path/to/project-a",
  backend: GenAgent.Backends.Claude
)

{:ok, "project-b"} = Switchboard.start_session("project-b",
  path: "/path/to/project-b",
  backend: GenAgent.Backends.Claude
)

# Non-blocking prompts.
{:ok, ref_a} = Switchboard.submit("project-a", "what files are here?")
{:ok, ref_b} = Switchboard.submit("project-b", "list tests in test/")

# Poll.
Switchboard.poll("project-a", ref_a)
# => {:ok, :pending}
# ... later ...
Switchboard.poll("project-a", ref_a)
# => {:ok, :completed, %GenAgent.Response{text: "..."}}

# Inbox -- peek then ack.
Switchboard.inbox("project-a")
Switchboard.inbox("project-a", ack: true)

# Manager-curated summary.
Switchboard.summary_update("project-a", "## Status\nworking on auth.")

# Stop.
Switchboard.stop_session("project-a")
Variations
	Broadcast to many sessions. Use Switchboard.broadcast(names, prompt)
with session names tracked by your application. Each name is paired
with its submit/2 result, including missing-name and overload errors.
Busy sessions queue accepted prompts; halted sessions wait for resume.
Broadcast admission is per session, not atomic across the fleet.
	Live telemetry tail. Attach a telemetry handler to
[:gen_agent, :prompt, :start|:stop|:error] and
[:gen_agent, :state, :changed] and print one line per event
across every registered session. Useful as a "what's happening
right now" view from the manager side.
	Persistence across restarts. SQLite via Ecto for
sessions/requests/events/summaries. Reload sessions into the
supervision tree at startup, mark any previously in-flight
requests as :interrupted.
	MCP surface. Expose the facade functions as MCP tools
(switchboard_start_session, switchboard_submit, etc.) so any
MCP host can drive the fleet.



  

    Research

Autonomous self-chaining research agent -- one GenAgent that
drives itself through sub-question generation, per-question
answering, and final synthesis without any further input from the
manager.
When to reach for this
The work can be decomposed into a fixed sequence of phases, each
phase is a separate LLM call, and the output of one phase is the
input to the next. You want to kick it off and walk away. A
manager polling status/1 can observe progress but does not need
to drive the agent turn-by-turn.
This is the smallest and most idiomatic use of gen_agent's
self-chaining primitive. If you can express your work as a linear
state machine where each state produces the prompt for the next
state, this is the shape.
What it exercises in gen_agent
	Self-chaining via {:prompt, text, state} from
handle_response/3 -- the whole pattern hinges on this
return shape.
	Phase-based handle_response dispatch -- one clause per
phase, each transitioning to the next phase or halting.
	handle_error/3 to halt gracefully on any failure with the
reason attached to state, so a manager polling status/1 sees
phase: :failed with context rather than a dead process.
	{:halt, state} as the terminal transition from the final
synthesis phase.

The pattern
One callback module. No manager-facing facade needed -- the
manager just calls GenAgent.start_agent/2 and GenAgent.status/1
directly.
defmodule Research.Agent do
  @moduledoc """
  Autonomous research GenAgent.

  Phases:
    1. :listing      -- model lists N sub-questions about the topic
    2. :answering    -- agent feeds each sub-question back one turn
                        at a time, accumulating answers
    3. :synthesizing -- final turn asking the model to pull
                        everything into a report
    4. :done         -- halt; final report is on state
  """

  use GenAgent

  defmodule State do
    defstruct [
      :topic,
      :max_sub_questions,
      :last_error,
      phase: :listing,
      sub_questions: [],
      answered: [],
      final_report: nil,
      turns: 0
    ]
  end

  @impl true
  def init_agent(opts) do
    state = %State{
      topic: Keyword.fetch!(opts, :topic),
      max_sub_questions: Keyword.get(opts, :max_sub_questions, 3)
    }

    backend_opts = [
      system: system_prompt(),
      max_tokens: Keyword.get(opts, :max_tokens, 512)
    ]

    {:ok, backend_opts, state}
  end

  # Phase 1 -> Phase 2: parse questions, dispatch first answer.
  @impl true
  def handle_response(_ref, response, %State{phase: :listing} = state) do
    questions =
      response.text
      |> parse_questions()
      |> Enum.take(state.max_sub_questions)

    new_state = %{state | sub_questions: questions, phase: :answering, turns: state.turns + 1}

    case questions do
      [] ->
        {:halt, %{new_state | phase: :done}}

      [first | _] ->
        {:prompt, answer_prompt(first), new_state}
    end
  end

  # Phase 2 loop: answer each question in turn, then transition to synthesis.
  def handle_response(_ref, response, %State{phase: :answering} = state) do
    answered_count = length(state.answered)
    current_question = Enum.at(state.sub_questions, answered_count)
    answered = state.answered ++ [{current_question, String.trim(response.text)}]
    new_state = %{state | answered: answered, turns: state.turns + 1}

    if length(answered) < length(state.sub_questions) do
      next_question = Enum.at(state.sub_questions, length(answered))
      {:prompt, answer_prompt(next_question), new_state}
    else
      {:prompt, synthesis_prompt(new_state), %{new_state | phase: :synthesizing}}
    end
  end

  # Phase 3 -> terminal halt with the synthesized report on state.
  def handle_response(_ref, response, %State{phase: :synthesizing} = state) do
    {:halt,
     %{
       state
       | final_report: String.trim(response.text),
         phase: :done,
         turns: state.turns + 1
     }}
  end

  # A resumed terminal agent preserves its report and halts again.
  def handle_response(_ref, _response, %State{phase: phase} = state)
      when phase in [:done, :failed], do: {:halt, state}

  # Errors after resume preserve the terminal phase too.
  @impl true
  def handle_error(_ref, reason, %State{phase: phase} = state)
      when phase in [:done, :failed] do
    {:halt, %{state | last_error: reason}}
  end

  def handle_error(_ref, reason, %State{} = state) do
    {:halt, %{state | last_error: reason, phase: :failed}}
  end

  # --- Prompts & parsing ---

  defp answer_prompt(question) do
    "Answer this sub-question in 2-3 concise sentences: #{question}"
  end

  defp synthesis_prompt(%State{} = state) do
    answers =
      state.answered
      |> Enum.map_join("\n\n", fn {q, a} -> "Q: #{q}\nA: #{a}" end)

    """
    You have now answered all the sub-questions for the topic:
    #{state.topic}.

    Here are your sub-questions and answers:

    #{answers}

    Synthesize these findings into a concise 3-paragraph report.
    """
  end

  defp system_prompt do
    """
    You are a concise research assistant.

    When asked to list sub-questions: output them one per line,
    plain text, no numbering or markup.

    When asked to answer a sub-question: 2-3 short sentences, no
    preamble.

    When asked to synthesize a report: exactly 3 paragraphs
    separated by blank lines, no headings.
    """
  end

  defp parse_questions(text) do
    text
    |> String.split("\n")
    |> Enum.map(&String.trim/1)
    |> Enum.reject(&(&1 == ""))
  end
end
Resuming a terminal agent and sending another ask/tell preserves its report
and terminal phase, then halts again.
Using it
# Start the agent. It self-drives from here.
{:ok, _pid} = GenAgent.start_agent(Research.Agent,
  name: "octopus-research",
  backend: GenAgent.Backends.Anthropic,
  topic: "why do octopuses have three hearts?",
  max_sub_questions: 3
)

# The first turn needs a kick.
{:ok, _ref} = GenAgent.tell("octopus-research",
  "List 3 sub-questions about: why do octopuses have three hearts?")

# Poll progress any time.
GenAgent.status("octopus-research")
# => %{agent_state: %Research.Agent.State{phase: :answering, ...}, ...}

# Wait for :done (in practice, a small poll loop in the manager).
# Then read the final report:
%{agent_state: %{final_report: report}} = GenAgent.status("octopus-research")
IO.puts(report)

GenAgent.stop("octopus-research")
Variations
	Dynamic sub-question count. Instead of fixing
max_sub_questions, let the listing turn output as many as it
wants and take all of them.
	Parallel answering. Replace the sequential answer loop with
a Supervisor-shaped fan-out: spawn one worker agent per
sub-question, collect answers via notify. See the
Supervisor pattern.
	Per-phase model selection. Different phases might deserve
different models -- cheap model for listing, expensive model
for synthesis. Swap sessions mid-run, or have the backend take
per-call overrides.
	Mid-run inspection. Because phase lives on state, a manager
can inspect partial results via GenAgent.status/1 at any
point. Useful for long-running research where you want to bail
early if answers aren't looking good.



  

    Debate

Two agents take turns until a convergence rule or round cap ends the
exchange. The shipped Ensemble strategy owns the alternation and
reply. The callback recipe later on this page instead uses
cross-agent notify and mutual halt without an orchestrator.
Using it from gen_agent_ensemble
GenAgentEnsemble.Strategies.Debate accepts exactly two agent specs.
Each agent keeps its own backend session. The default reply is a
labeled transcript; :converge, :rounds, and :reply customize the
stopping and output rules.
simple = GenAgentEnsemble.Agents.Simple
echo = GenAgentEnsemble.Backends.Echo

{:ok, _pid} =
  GenAgentEnsemble.start_link(
    name: "design-debate",
    strategy: GenAgentEnsemble.Strategies.Debate,
    opts: [
      agents: [{"for", simple, backend: echo}, {"against", simple, backend: echo}],
      rounds: 4
    ]
  )

{:ok, transcript} = GenAgentEnsemble.ask("design-debate", "Should this API be synchronous?")
The rest of this page is a separate callback-level reference
implementation. Read the shipped strategy's module documentation for
its exact options and failure behavior.
When to reach for this
You want two autonomous perspectives on a topic and the
alternation is the point -- a debate, a red-team/blue-team
critique, a generator/critic loop, an interviewer/subject
exchange. Both sides have their own system prompt, their own
history, and their own halt condition, but neither is "in
charge."
This is the smallest cross-agent coordination pattern gen_agent
supports. Once you've seen it you'll recognize the shape in
richer fan-out topologies later (the Supervisor
pattern is this idea generalized to N workers plus a coordinator).
What the callback recipe exercises
	Cross-agent GenAgent.notify/2 from inside
handle_response/3 -- the "I just finished my turn, now it's
your turn" pass.
	handle_event/2 returning {:prompt, text, state} -- the
"I received your turn, here's what I'll say next" translation
from an incoming event into a dispatched prompt.
	Mutual halt coordination: each side speaks exactly
max_rounds times. A's last statement is delivered to B, B
answers it, and B's last statement is delivered to A. Both halt
once the second speaker's last statement has been delivered.
	Failure propagation: handle_error/3 halts the failing side
and notifies the opponent with {:debate, {:failed, name, reason}},
so the other side halts too instead of waiting forever.
	Observable completion: every agent sends its :report_to
process {:debate, name, :finished} or
{:debate, name, {:failed, reason}} when it halts.
	Two simultaneous agents with independent sessions,
potentially on different backends, each with their own system
prompt.

Callback reference implementation
One callback module (used for both sides), plus a small starter
function that spins up the two agents with opposing roles and
kicks off the first turn.
Debate.Agent
defmodule Debate.Agent do
  use GenAgent

  defmodule State do
    defstruct [
      :name,
      :opponent,
      :role,
      :topic,
      :max_rounds,
      :report_to,
      round: 0,
      heard: 0,
      status: :running,
      transcript: []
    ]
  end

  @impl true
  def init_agent(opts) do
    state = %State{
      name: Keyword.fetch!(opts, :agent_name),
      opponent: Keyword.fetch!(opts, :opponent),
      role: Keyword.fetch!(opts, :role),
      topic: Keyword.fetch!(opts, :topic),
      max_rounds: Keyword.fetch!(opts, :max_rounds),
      report_to: Keyword.get(opts, :report_to)
    }

    system = """
    You are debating the topic: "#{state.topic}".

    Your role: #{state.role}.

    Keep each response to 2-3 sentences. Be direct and specific.
    Stay in character. Do not summarize the opponent's point --
    just rebut or extend the argument.
    """

    backend_opts =
      [system: system, max_tokens: Keyword.get(opts, :max_tokens, 200)] ++
        Keyword.get(opts, :backend_opts, [])

    {:ok, backend_opts, state}
  end

  @impl true
  def handle_response(_ref, response, %State{} = state) do
    text = String.trim(response.text)
    new_state = record(%{state | round: state.round + 1}, state.name, text)

    # Always pass the statement on, including our last one.
    GenAgent.notify(state.opponent, {:opponent_said, text})

    if new_state.heard >= new_state.max_rounds do
      # The opponent already had its last word and we just had ours.
      finish(new_state, :finished)
    else
      {:noreply, new_state}
    end
  end

  @impl true
  def handle_error(_ref, reason, %State{} = state) do
    # Backend error, watchdog timeout or interrupt. The opponent is idle
    # waiting for our statement, so tell it and stop.
    GenAgent.notify(state.opponent, {:debate, {:failed, state.name, reason}})
    finish(state, {:failed, reason})
  end

  @impl true
  def handle_event({:opponent_said, text}, %State{} = state) do
    state = record(%{state | heard: state.heard + 1}, state.opponent, text)

    if state.round >= state.max_rounds do
      # The opponent had the last word; nothing left to say.
      finish(state, :finished)
    else
      prompt = ~s"""
      Your opponent just said: "#{text}"

      Respond briefly, staying in your role.
      """

      {:prompt, prompt, state}
    end
  end

  def handle_event({:debate, {:failed, who, _reason}}, %State{} = state) do
    finish(state, {:failed, {:opponent_failed, who}})
  end

  def handle_event(_other, state), do: {:noreply, state}

  # Each agent keeps one ordered transcript: its own statements and the
  # opponent's, in the order this agent saw them.
  defp record(state, who, text), do: %{state | transcript: state.transcript ++ [{who, text}]}

  defp finish(state, status) do
    if state.report_to, do: send(state.report_to, {:debate, state.name, status})
    {:halt, %{state | status: status}}
  end
end
Starter function
defmodule Debate do
  alias Debate.Agent

  def start(topic, opts \\ []) do
    role_a = Keyword.get(opts, :role_a, "optimist arguing in favor")
    role_b = Keyword.get(opts, :role_b, "skeptic arguing against")
    max_rounds = Keyword.get(opts, :max_rounds, 3)
    backend = Keyword.get(opts, :backend, GenAgent.Backends.Anthropic)

    id = System.unique_integer([:positive])
    name_a = "debate-#{id}-a"
    name_b = "debate-#{id}-b"

    shared = [
      backend: backend,
      backend_opts: Keyword.get(opts, :backend_opts, []),
      topic: topic,
      max_rounds: max_rounds,
      report_to: Keyword.get(opts, :report_to, self())
    ]

    {:ok, _} = GenAgent.start_agent(Agent,
      [name: name_a, agent_name: name_a, opponent: name_b, role: role_a] ++ shared)

    {:ok, _} = GenAgent.start_agent(Agent,
      [name: name_b, agent_name: name_b, opponent: name_a, role: role_b] ++ shared)

    # Kick off agent A with the opening statement.
    {:ok, _ref} = GenAgent.tell(name_a,
      "Make your opening statement about: #{topic}. 2-3 sentences.")

    {:ok, %{a: name_a, b: name_b}}
  end
end
Using it
{:ok, handle} = Debate.start(
  "is Rust a better systems language than C++ for new projects?",
  role_a: "Rust advocate",
  role_b: "C++ veteran",
  max_rounds: 3
)

# Both agents are now running. Agent A has received the opening
# prompt and will produce the first turn. When A's handle_response
# fires, it notifies B with {:opponent_said, text}, and B's
# handle_event turns that into B's next prompt. And so on.
#
# Each side speaks max_rounds times: A, B, A, B, ... B's last
# statement is delivered to A, which records it and halts. With
# max_rounds: 1, A opens and B answers.

# Each agent halts and reports to :report_to (the caller by default),
# so there are two reports per debate. A turn failure on either side
# halts both, and each reports. Wait for both, matching on the agent
# name so a report left over from an earlier debate is never taken:
results =
  for name <- [handle.a, handle.b] do
    receive do
      {:debate, ^name, :finished} -> :ok
      {:debate, ^name, {:failed, reason}} -> {:error, reason}
    end
  end

# Inspect live state:
GenAgent.status(handle.a)
GenAgent.status(handle.b)

# Read the transcript. Each agent stores its own statements and the
# opponent's as {speaker, text} in the order it saw them. There is no
# shared store, but once the debate finishes both agents hold the same
# ordered conversation, so either one will do:
%{agent_state: %{transcript: transcript}} = GenAgent.status(handle.a)

# Clean up:
GenAgent.stop(handle.a)
GenAgent.stop(handle.b)
test/guides/debate_test.exs compiles Debate.Agent and Debate
from this page and runs them on a local stub backend. It covers equal
turn counts at max_rounds of 1 and 3, delivery of the final
statement, a failed turn on either side, and transcript order.
Variations
	Asymmetric roles. Nothing forces the two agents to share
the same callback module. A "generator" agent could be
Debate.Agent while a "critic" agent is a different module
with a different system prompt style.
	Different backends per side. The debate module takes one
backend option, but start_agent/2 accepts one per side.
A Claude-vs-Anthropic-HTTP debate works fine.
	Moderator. Add a third agent that subscribes to both sides'
notifies and can interject. Requires passing the moderator's
name into both debaters so they can cc it, or having the
moderator tail telemetry.
	More than two participants. This pattern extends to N by
having each agent hold a list of opponents and broadcast
{:opponent_said, text} to all of them. Everyone reacts to
everyone. Noisy at N>3 but works.



  

    Consensus

GenAgentEnsemble.Strategies.Consensus asks two or more agents for
categorical verdicts on the same prompt. Each round dispatches in
parallel. A :verdict_parser converts each response to
{:ok, verdict_atom, rationale} or :error; unparseable responses
abstain. When the configured threshold agrees, the strategy replies
with a synthesis. At the round cap, it returns a divergence report.
simple = GenAgentEnsemble.Agents.Simple
echo = GenAgentEnsemble.Backends.Echo

parse_verdict = fn text ->
  case String.split(String.replace_prefix(text, "echo: ", ""), ":", parts: 2) do
    ["APPROVE", rationale] -> {:ok, :approve, String.trim(rationale)}
    ["REVISE", rationale] -> {:ok, :revise, String.trim(rationale)}
    _ -> :error
  end
end

{:ok, _pid} =
  GenAgentEnsemble.start_link(
    name: "panel",
    strategy: GenAgentEnsemble.Strategies.Consensus,
    opts: [
      agents: [{"first", simple, backend: echo}, {"second", simple, backend: echo}],
      verdict_parser: parse_verdict,
      threshold: :unanimous,
      rounds: 2
    ]
  )

{:ok, response} = GenAgentEnsemble.ask("panel", "APPROVE: the example is sound")
Echo makes the parsing example deterministic. With real backends,
give each agent clear output instructions and make the parser strict:
prose that does not match the requested format should abstain instead
of being guessed into a decision. The available thresholds are
:unanimous, :majority (the default), and {:at_least, n}. The
strategy keeps each backend session across rounds and can pass other
agents' prior responses into a revision round. Its module
documentation defines the reply formats and failure behavior.


  

    Pipeline

Linear N-stage transformation chain. The shipped Ensemble strategy
passes each stage's response text as the next stage's prompt. The
callback recipe later on this page is an alternative implementation:
it uses GenAgent.notify/2 between one-shot agents and stores the
last output on agent state.
Using it from gen_agent_ensemble
This pattern ships as GenAgentEnsemble.Strategies.Pipeline. The
strategy owns the stage-to-stage dispatch (each stage's response
becomes the next stage's prompt) and reply at the end; you bring a
callback module per stage (typically one module used for all stages
with per-stage opts).
{:ok, _pid} =
  GenAgentEnsemble.start_link(
    name: "brainstorm",
    strategy: GenAgentEnsemble.Strategies.Pipeline,
    opts: [
      stages: [
        {"brainstormer", MyStage, backend: MyBackend, system: "Generate 5 ideas..."},
        {"editor",       MyStage, backend: MyBackend, system: "Pick the best idea..."},
        {"headliner",    MyStage, backend: MyBackend, system: "Write a one-line headline..."}
      ]
    ]
  )

{:ok, headline} =
  GenAgentEnsemble.ask("brainstorm", "topic: coffee in the morning")
The rest of this page is a separate callback-level reference
implementation. Read the shipped strategy's module documentation for
its exact options, queueing, and failure behavior.
When to reach for this
You have a transformation that decomposes cleanly into a fixed
sequence of steps, each step is best modeled as its own LLM with
its own system prompt and role, and the output of one step is
exactly the input to the next. Brainstorm -> edit -> headline.
Research question -> answer -> translate -> summarize. Spec ->
design -> implementation notes.
The key difference from Research is that pipeline
stages are distinct agents with distinct roles, not phases
inside one agent. That matters when each step benefits from a
different system prompt, different max tokens, or potentially a
different backend.
What the callback recipe exercises
	One-way cross-agent notify chain: each stage notifies the
next with {:pipeline_input, text} and then halts.
	handle_event/2 returning {:prompt, text, state}: the
receiving stage turns the notify into its dispatch.
	Per-stage self-halt after one turn: each stage is
intentionally one-and-done via {:halt, new_state} from
handle_response/3.
	Nil-terminator for the last stage: the final stage has
next_stage: nil and halts without notifying anyone.
	Failure propagation: handle_error/3 forwards a
{:pipeline_failed, reason} notify down the chain so no
downstream stage sits waiting forever.

Callback reference implementation
One callback module (used for every stage; the role and
instruction are per-stage config), plus a starter that wires up
the chain.
Pipeline.Stage
defmodule Pipeline.Stage do
  use GenAgent

  defmodule State do
    defstruct [
      :name,
      :next_stage,
      :role,
      :instruction,
      :input,
      :output,
      :error,
      index: 0
    ]
  end

  @impl true
  def init_agent(opts) do
    state = %State{
      name: Keyword.fetch!(opts, :agent_name),
      next_stage: Keyword.get(opts, :next_stage),
      role: Keyword.fetch!(opts, :role),
      instruction: Keyword.fetch!(opts, :instruction),
      index: Keyword.get(opts, :index, 0)
    }

    system = "You are #{state.role}. #{state.instruction}"
    {:ok, [system: system, max_tokens: Keyword.get(opts, :max_tokens, 400)], state}
  end

  @impl true
  def handle_response(_ref, response, %State{} = state) do
    output = String.trim(response.text)
    new_state = %{state | output: output}

    case state.next_stage do
      nil ->
        # End of pipeline. Final result is on state.output.
        {:halt, new_state}

      next ->
        GenAgent.notify(next, {:pipeline_input, output})
        {:halt, new_state}
    end
  end

  @impl true
  def handle_error(_ref, reason, %State{} = state) do
    new_state = %{state | error: reason}

    case state.next_stage do
      nil ->
        {:halt, new_state}

      next ->
        GenAgent.notify(next, {:pipeline_failed, reason})
        {:halt, new_state}
    end
  end

  @impl true
  def handle_event({:pipeline_input, text}, %State{} = state) do
    {:prompt, text, %{state | input: text}}
  end

  def handle_event({:pipeline_failed, reason}, %State{} = state) do
    new_state = %{state | error: {:upstream_failed, reason}}

    case state.next_stage do
      nil -> {:halt, new_state}
      next ->
        GenAgent.notify(next, {:pipeline_failed, reason})
        {:halt, new_state}
    end
  end

  def handle_event(_other, state), do: {:noreply, state}
end
Starter
defmodule Pipeline do
  alias Pipeline.Stage

  def run(initial_input, stages_config, opts \\ []) do
    backend = Keyword.get(opts, :backend, GenAgent.Backends.Anthropic)
    id = System.unique_integer([:positive])

    # Assign unique names per stage and compute the next-stage pointer.
    stage_names =
      stages_config
      |> Enum.with_index(1)
      |> Enum.map(fn {cfg, i} -> "pipe-#{id}-#{i}-#{cfg.name}" end)

    # next_map: stage_name -> name_of_next_stage_or_nil
    next_map =
      stage_names
      |> Enum.zip(Enum.drop(stage_names, 1) ++ [nil])
      |> Map.new()

    stages_config
    |> Enum.with_index(1)
    |> Enum.each(fn {cfg, i} ->
      name = Enum.at(stage_names, i - 1)

      {:ok, _pid} = GenAgent.start_agent(Stage,
        name: name,
        agent_name: name,
        backend: backend,
        next_stage: Map.fetch!(next_map, name),
        role: cfg.role,
        instruction: cfg.instruction,
        index: i
      )
    end)

    # Kick off the first stage with the initial input.
    [first | _] = stage_names
    {:ok, _ref} = GenAgent.tell(first, initial_input)

    {:ok, %{stages: stage_names}}
  end
end
Using it
{:ok, handle} = Pipeline.run(
  "the octopus has three hearts and blue blood",
  [
    %{
      name: "brainstorm",
      role: "a creative brainstormer",
      instruction: "Given a fact, list 3 distinct angles to write about it. One per line."
    },
    %{
      name: "editor",
      role: "a sharp editor",
      instruction: "Given a list of angles, pick the most interesting and develop it into a tight paragraph."
    },
    %{
      name: "headline",
      role: "a headline writer",
      instruction: "Given a paragraph, write ONE compelling title. Output only the title."
    }
  ]
)

# Each stage notifies the next as it completes. Wait for the
# last stage to halt:
last = List.last(handle.stages)

# In practice, a small wait loop checking:
%{agent_state: %{output: output}} = GenAgent.status(last)
IO.puts(output)

# Read the trace across all stages:
Enum.map(handle.stages, fn name ->
  %{agent_state: %{input: i, output: o, role: r}} = GenAgent.status(name)
  %{stage: name, role: r, in: i, out: o}
end)

# Clean up:
Enum.each(handle.stages, &GenAgent.stop/1)
Variations
	Per-stage backend selection. Nothing in the pattern requires
every stage to use the same backend. Pass a :backend in each
stage config and let cheap stages (brainstorm) use a faster
model than expensive stages (synthesis).
	Branching pipelines. Instead of a linear chain, have one
stage notify multiple "next" stages with the same output, then
a later join stage collects them. You're now halfway to the
Supervisor shape.
	Reusable stages. The same callback module can be
instantiated many times in the same pipeline with different
roles -- e.g. two "editor" stages in sequence with different
instructions.
	Conditional routing. handle_event({:pipeline_input, text}, state)
can inspect text before deciding what to do -- dispatch,
transform, or {:halt, state} early if the upstream produced
something bad.



  

    Supervisor

Coordinator + temporary worker pool. The shipped Ensemble strategy
dispatches to a coordinator, parses its response into sub-prompts,
starts one worker per sub-prompt, and combines their replies. The
callback recipe later on this page takes a
different path: its coordinator starts workers from
handle_response/3, exchanges notifications, and runs a final LLM
synthesis turn.
Using it from gen_agent_ensemble
This pattern ships as GenAgentEnsemble.Strategies.Supervisor. The
strategy handles spawning, collection, and reply synthesis. Supply
coordinator and worker agent specs, plus a :decomposer function
that turns the coordinator's response into sub-prompts. A
:synthesizer function is optional; without one, worker texts are
joined in worker-name order.
{:ok, _pid} =
  GenAgentEnsemble.start_link(
    name: "research-squad",
    strategy: GenAgentEnsemble.Strategies.Supervisor,
    opts: [
      coordinator: {"planner", MyPlanner, backend: MyBackend},
      worker_template: {"worker", MyWorker, backend: MyBackend},
      decomposer: &MyPlanner.parse_subtasks/1,
      synthesizer: &MyPlanner.merge_results/1
    ]
  )

{:ok, result} = GenAgentEnsemble.ask("research-squad", "research X")
The rest of this page is a separate callback-level reference
implementation. Read the shipped strategy's module documentation for
its exact options and failure behavior.
When to reach for this
A task decomposes into N independent sub-tasks where N is decided
by the LLM (or by runtime conditions), each sub-task gets its own
agent, and the coordinator has to aggregate their outputs into a
final answer. You want fan-out for parallelism and fan-in for the
synthesis step. Classic map/reduce, but every worker is an agent.
This is the richest cross-agent pattern in this collection.
Everything else composes: the coordinator is a
Research-style self-chaining agent whose planning
turn spawns a pool of one-shot workers, each of whom is
essentially a single-item Pipeline stage.
What the callback recipe exercises
	Dynamic GenAgent.start_agent/2 called from inside a running
callback. The coordinator's planning-phase handle_response
spawns workers on the fly. They join the shared GenAgent
supervision tree and are live from the moment they start.
	Fan-out via notify: the coordinator notifies each worker
with its sub-task immediately after spawning. Workers sit idle
until they receive the notify.
	Fan-in via notify: each worker notifies the coordinator
with its result (or failure). The coordinator's handle_event/2
accumulates results into a map.
	Multi-phase coordinator state machine with an LLM turn at
each end (planning -> dispatch -> collect -> synthesize).
	Self-halt workers: each worker halts via {:halt, state}
after its single turn. Halting retains the process, registration,
and backend session; the watcher explicitly stops every worker.

Callback reference implementation
Two callback modules and an OTP watcher: a Coordinator owns the phase
state machine, a one-shot Worker reports its result, and a Watcher
starts, monitors, and stops the workers.
Fanout.Coordinator
defmodule Fanout.Coordinator do
  use GenAgent

  defmodule State do
    defstruct [
      :topic,
      :max_workers,
      :coordinator_name,
      :final_output,
      :error,
      :worker_backend,
      :watcher,
      :run,
      :synthesis_prompt,
      synthesis_turn: false,
      worker_opts: [],
      collect_timeout: 5_000,
      phase: :planning,
      sub_tasks: [],
      workers: [],
      results: %{},
      failures: %{}
    ]
  end

  @impl true
  def init_agent(opts) do
    state = %State{
      topic: Keyword.fetch!(opts, :topic),
      max_workers: Keyword.get(opts, :max_workers, 3),
      coordinator_name: Keyword.fetch!(opts, :coordinator_name),
      worker_backend: Keyword.fetch!(opts, :worker_backend),
      worker_opts: Keyword.get(opts, :worker_opts, []),
      collect_timeout: Keyword.get(opts, :collect_timeout, 5_000),
      run: System.unique_integer([:positive, :monotonic])
    }

    system = """
    You are a research coordinator.

    When asked to plan sub-tasks, output them one per line, no
    numbering or bullets -- just plain sub-task text, one per line.

    When asked to synthesize worker results, write a coherent
    2-3 paragraph answer that weaves together the findings.
    """

    {:ok, [system: system, max_tokens: Keyword.get(opts, :max_tokens, 600)], state}
  end

  # Event-generated prompts may wait behind user turns. Identify synthesis
  # at dispatch, not merely when the last worker report changes the phase.
  @impl true
  def pre_turn(prompt, %State{} = state) do
    synthesis_turn = state.phase == :synthesizing and prompt == state.synthesis_prompt
    {:ok, prompt, %{state | synthesis_turn: synthesis_turn}}
  end

  # Phase :planning -> spawn workers, notify each, transition to :collecting.
  @impl true
  def handle_response(_ref, response, %State{phase: :planning} = state) do
    sub_tasks =
      response.text
      |> String.split("\n")
      |> Enum.map(&String.trim/1)
      |> Enum.reject(&(&1 == ""))
      |> Enum.take(state.max_workers)

    case sub_tasks do
      [] ->
        finish(state, :failed, :no_sub_tasks)

      _ ->
        {:ok, watcher} = Fanout.Watcher.start(self(), state)
        state = %{state | watcher: watcher, sub_tasks: sub_tasks}

        case GenServer.call(watcher, {:spawn, sub_tasks}, :infinity) do
          {:ok, workers} ->
            Enum.zip(workers, sub_tasks)
            |> Enum.each(fn {worker, task} -> GenAgent.notify(worker, {:sub_task, task}) end)

            {:noreply, %{state | workers: workers, phase: :collecting}}

          {:error, reason} ->
            finish(state, :failed, {:worker_start, reason})
        end
    end
  end

  # Phase :synthesizing -> terminal halt with the final answer.
  def handle_response(_ref, response,
        %State{phase: :synthesizing, synthesis_turn: true} = state) do
    finish(%{state | final_output: String.trim(response.text)}, :done)
  end

  # Extra ask/tell turns do not change collection or terminal results.
  def handle_response(_ref, _response, %State{phase: phase} = state)
      when phase in [:done, :failed], do: {:halt, state}

  def handle_response(_ref, _response, state), do: {:noreply, state}

  # Phase :collecting -> accumulate worker results, enqueue synthesis
  # once everyone has reported.
  @impl true
  def handle_event({kind, run, worker, value}, %State{phase: :collecting, run: run} = state)
      when kind in [:worker_result, :worker_failed, :worker_down] do
    if worker in state.workers and
         not Map.has_key?(state.results, worker) and not Map.has_key?(state.failures, worker) do
      state =
        if kind == :worker_result,
          do: %{state | results: Map.put(state.results, worker, value)},
          else: %{state | failures: Map.put(state.failures, worker, value)}

      maybe_synthesize(state)
    else
      {:noreply, state}
    end
  end

  def handle_event({:collect_timeout, run}, %State{phase: :collecting, run: run} = state) do
    failures =
      Enum.reduce(state.workers, state.failures, fn worker, failures ->
        if Map.has_key?(state.results, worker),
          do: failures,
          else: Map.put_new(failures, worker, :timeout)
      end)

    maybe_synthesize(%{state | failures: failures})
  end

  def handle_event(_other, state), do: {:noreply, state}

  @impl true
  def handle_error(_ref, reason, %State{phase: :planning} = state),
    do: finish(state, :failed, reason)

  def handle_error(_ref, reason,
        %State{phase: :synthesizing, synthesis_turn: true} = state),
    do: finish(state, :failed, reason)

  # The server can reject synthesis before pre_turn/2 marks its dispatch.
  def handle_error(_ref, {:overloaded, %{queue: queue}} = reason,
        %State{phase: :synthesizing, synthesis_turn: false} = state)
      when queue in [:prompts, :self_chain],
    do: finish(state, :failed, reason)

  def handle_error(_ref, _reason, %State{phase: phase} = state)
      when phase in [:done, :failed], do: {:halt, state}

  def handle_error(_ref, _reason, state), do: {:noreply, state}

  defp finish(state, phase, error \\ nil) do
    if state.watcher, do: send(state.watcher, :finish)
    {:halt, %{state | phase: phase, error: error, synthesis_turn: false}}
  end

  defp maybe_synthesize(%State{} = state) do
    received = map_size(state.results) + map_size(state.failures)

    cond do
      received < length(state.workers) ->
        {:noreply, state}

      state.results == %{} ->
        finish(state, :failed, :all_workers_failed)

      true ->
        prompt = synthesis_prompt(state)
        {:prompt, prompt, %{state | phase: :synthesizing, synthesis_prompt: prompt}}
    end
  end

  defp synthesis_prompt(%State{} = state) do
    sections =
      state.sub_tasks
      |> Enum.with_index()
      |> Enum.map_join("\n\n", fn {task, i} ->
        worker = Enum.at(state.workers, i)
        result = Map.get(state.results, worker, "(worker failed)")
        "Sub-task: #{task}\nResult: #{result}"
      end)

    """
    Your workers have reported on all sub-tasks for the topic:
    #{state.topic}

    Here is what each worker returned:

    #{sections}

    Synthesize these into a cohesive 2-paragraph answer.
    """
  end
end
Fanout.Worker
defmodule Fanout.Worker do
  use GenAgent

  defmodule State do
    defstruct [:name, :coordinator, :run, :task, :result, :error]
  end

  @impl true
  def init_agent(opts) do
    state = %State{
      name: Keyword.fetch!(opts, :worker_name),
      coordinator: Keyword.fetch!(opts, :coordinator),
      run: Keyword.fetch!(opts, :run)
    }

    system = """
    You are a research worker. You will be given exactly one
    sub-task. Answer it in 2-3 concise sentences. No preamble.
    """

    {:ok, Keyword.merge(Keyword.get(opts, :backend_opts, []), system: system, max_tokens: 300),
     state}
  end

  @impl true
  def handle_event({:sub_task, task}, %State{} = state) do
    {:prompt, task, %{state | task: task}}
  end

  def handle_event(_other, state), do: {:noreply, state}

  @impl true
  def handle_response(_ref, response, %State{} = state) do
    result = String.trim(response.text)
    GenAgent.notify(state.coordinator, {:worker_result, state.run, state.name, result})
    {:halt, %{state | result: result}}
  end

  @impl true
  def handle_error(_ref, reason, %State{} = state) do
    GenAgent.notify(state.coordinator, {:worker_failed, state.run, state.name, reason})
    {:halt, %{state | error: reason}}
  end
end
Fanout.Watcher
GenAgent has no handle_info/2 callback. This ordinary GenServer owns
worker creation so even a coordinator exit during startup cannot lose
track of a worker. It monitors the coordinator and each worker.
defmodule Fanout.Watcher do
  use GenServer

  def start(coordinator, config), do: GenServer.start(__MODULE__, {coordinator, config})

  @impl true
  def init({coordinator, config}) do
    ref = Process.monitor(coordinator)
    {:ok, %{coordinator: coordinator, ref: ref, config: config, workers: %{}, pending: []}}
  end

  @impl true
  def handle_call({:spawn, tasks}, _from, state) do
    result =
      Enum.reduce_while(Enum.with_index(tasks, 1), {:ok, state}, fn {_task, i}, {:ok, s} ->
        c = s.config
        name = "#{c.coordinator_name}-#{c.run}-worker-#{i}"

        opts =
          Keyword.merge(c.worker_opts,
            name: name,
            backend: c.worker_backend,
            worker_name: name,
            coordinator: c.coordinator_name,
            run: c.run
          )

        case GenAgent.start_agent(Fanout.Worker, opts) do
          {:ok, pid} ->
            ref = Process.monitor(pid)
            {:cont, {:ok, %{s | workers: Map.put(s.workers, ref, {i, name})}}}

          {:error, reason} ->
            {:halt, {:error, reason, s}}
        end
      end)

    case result do
      {:ok, s} ->
        Process.send_after(self(), :deadline, s.config.collect_timeout)
        names = s.workers |> Map.values() |> Enum.sort() |> Enum.map(&elem(&1, 1))
        {:reply, {:ok, names}, s}

      {:error, reason, s} ->
        cleanup(s)
        {:stop, :normal, {:error, reason}, s}
    end
  end

  @impl true
  def handle_info({:DOWN, ref, :process, _pid, _reason}, %{ref: ref} = state) do
    cleanup(state)
    {:stop, :normal, state}
  end

  def handle_info({:DOWN, ref, :process, _pid, reason}, state) do
    case Map.fetch(state.workers, ref) do
      {:ok, {_, name}} ->
        enqueue(state, {:worker_down, state.config.run, name, reason})

      :error ->
        {:noreply, state}
    end
  end

  def handle_info(:deadline, state) do
    # Stop unfinished work even if notification admission is currently blocked.
    cleanup(state)
    enqueue(state, {:collect_timeout, state.config.run})
  end

  def handle_info(:deliver, %{pending: []} = state), do: {:noreply, state}

  def handle_info(:deliver, state) do
    [event | rest] = state.pending
    c = state.config

    # Never deliver an old run's event to a replacement registration.
    admitted =
      if GenAgent.whereis(c.coordinator_name) == state.coordinator do
        try do
          GenAgent.notify_ack(c.coordinator_name, event, 100) == :ok
        catch
          :exit, _ -> false
        end
      else
        false
      end

    pending = if admitted, do: rest, else: state.pending
    if pending != [], do: Process.send_after(self(), :deliver, 10)
    {:noreply, %{state | pending: pending}}
  end

  def handle_info(:finish, state) do
    cleanup(state)
    {:stop, :normal, state}
  end

  defp enqueue(state, event) do
    if state.pending == [], do: send(self(), :deliver)
    {:noreply, %{state | pending: state.pending ++ [event]}}
  end

  defp cleanup(state) do
    Enum.each(state.workers, fn {_ref, {_, name}} -> GenAgent.stop(name) end)
  end
end
Failure and cleanup boundaries
Supply worker_backend: explicitly: GenAgent consumes the coordinator's
backend: before init_agent/1. Optional worker_opts: configure worker
startup (for example, worker_opts: [backend_opts: [model: "my-model"]]);
collect_timeout: bounds collection (default 5 seconds).
Duplicate, unknown, and stale reports are ignored. A worker exit counts as
a failure; a missing or rejected report becomes a timeout. Partial success
still synthesizes; no successful reports halts as failed.
Cleanup is asynchronous on every terminal path and on external coordinator
stop or crash. Do not stop workers inside terminate_agent/2: the shared
DynamicSupervisor can be waiting for that callback to return. Unique names
per run permit immediate reuse of the coordinator name during cleanup.
Stopping the coordinator during worker startup can stall for the shared
DynamicSupervisor's default 5-second shutdown timeout: the coordinator
waits for the watcher, which may be waiting for that supervisor to start
a worker.
The watcher exits after cleanup. This small unlinked helper is not durable:
a watcher crash or VM loss needs an application-owned supervision design.
Notification admission is not execution. While the coordinator is busy,
the watcher retries rejected notifications; the deadline stops workers,
but the coordinator can transition only once it processes the event. Keep
GenAgent's turn watchdog enabled and callbacks nonblocking. This is not a
hard wall-clock deadline for planning, startup, synthesis, or hung backend
termination. Extra ask/tell turns during collection or queued synthesis
still run on the backend and can delay synthesis or affect its session
history, but their responses and ordinary turn errors do not finish the workflow.
Buffered worker events enqueue synthesis behind any already queued user
turns; pre_turn/2 recognizes the stored synthesis prompt before allowing
its response or error to finish synthesis. This matches prompt text, so
reserve that exact prompt for internal use. If the prompt queue rejects
synthesis before dispatch (count or byte limit), the coordinator fails with the overload
error and cleans up the watcher and workers. The first turn is the planning
turn; resuming a terminal coordinator halts it again without replacing
its output.
Using it
name = "coord-#{System.unique_integer([:positive])}"

{:ok, _pid} = GenAgent.start_agent(Fanout.Coordinator,
  name: name,
  backend: MyBackend,
  worker_backend: MyBackend,
  collect_timeout: 5_000,
  topic: "why do octopuses have three hearts?",
  max_workers: 3,
  coordinator_name: name
)

# Kick off the planning turn.
{:ok, _ref} = GenAgent.tell(name,
  "Break the topic into 3 specific sub-questions. One per line.")

# Bound the manager's wait too, including planning and synthesis.
try do
  status = Enum.reduce_while(1..300, nil, fn _, _ ->
    status = GenAgent.status(name)
    if status.agent_state.phase in [:done, :failed] do
      {:halt, status}
    else
      Process.sleep(100)
      {:cont, nil}
    end
  end)
  IO.inspect(status && status.agent_state, label: "result (nil means manager timeout)")
after
  GenAgent.stop(name)
end
Variations
	Bounded concurrency. For very large N, instead of spawning
N workers, spawn K and use a work-stealing loop: when one
worker halts, the coordinator notifies a new worker with the
next sub-task. See Pool for a cleaner version of
this shape.
	Heterogeneous workers. Different sub-tasks can get
different worker modules. Adapt Fanout.Watcher.handle_call({:spawn, ...})
to choose the module based on each sub-task's content.
	Partial success. The current maybe_synthesize only
proceeds if at least one worker succeeded. You could instead
require a quorum (e.g. 2/3) or fail the whole run if any
worker failed.
	Nested coordinators. Any worker could itself be a
coordinator that fans out further. The shared supervision tree
doesn't care -- each level just spawns agents into it.
	Streaming synthesis. Instead of waiting for all workers
before synthesizing, the coordinator could start synthesis
once the first K results are in, incorporate later results by
editing state, and produce a final synthesis when everything
is complete. Requires a more complex phase machine.



  

    Pool

Pre-started workers stay alive across many turns. The shipped Ensemble
strategy dispatches to the next free worker and queues requests FIFO
when all are busy. The callback recipe later on this page uses
round-robin assignment instead. Unlike Supervisor,
Pool does not start a new worker for each sub-task.
Using it from gen_agent_ensemble
This pattern ships as GenAgentEnsemble.Strategies.Pool. The
strategy owns the N workers, FIFO queueing, and parallel dispatch;
you supply a worker agent spec.
{:ok, _pid} =
  GenAgentEnsemble.start_link(
    name: "qa-pool",
    strategy: GenAgentEnsemble.Strategies.Pool,
    opts: [
      worker_count: 4,
      worker_template: {"worker", MyWorker, backend: MyBackend}
    ]
  )

{:ok, tok1} = GenAgentEnsemble.tell("qa-pool", "question one")
{:ok, tok2} = GenAgentEnsemble.tell("qa-pool", "question two")
# After the workers finish, inbox drains completed results.
{:ok, inbox} = GenAgentEnsemble.inbox("qa-pool")
The rest of this page is a separate callback-level reference
implementation. Read the shipped strategy's module documentation for
its exact options and failure behavior.
When to reach for this
You have a stream of independent tasks (not a planned-in-advance
batch), you want to throttle concurrency to a fixed number of
workers, and the startup cost of creating an agent is
non-negligible compared to the cost of a turn. Examples: a
question-answering bot pool, a scraping pool, a per-role expert
panel where you send each incoming question to the "next free"
expert.
The defining move is that handle_response/3 returns
{:noreply, state} so the worker stays idle for the next task
instead of halting. Combined with GenAgent.tell/2's natural
bounded pending queue, a busy worker can buffer incoming work up to
its configured limits. The defaults are 1,000 pending prompts and
1,048,576 bytes (measured with :erlang.external_size/1); the active
turn is excluded. Callers must handle overload rejections by slowing
down, retrying later, or reporting the rejection.
What the callback recipe exercises
	Worker lifecycle reuse across many turns: {:noreply, state}
from handle_response/3 sends the worker back to idle,
accumulating results on state.
	Per-worker mailbox queueing via tell/2: GenAgent.tell/2
queues when a worker is busy, or returns an overload error when
its pending queue is full.
	Round-robin dispatch via an atomic increment (:atomics.add_get/3).
Concurrent attempts take distinct positions in the rotation;
arrival and completion order can differ. Rejections also consume a position.
	Pool-wide quiescence detection: "all workers are idle and
their pending queues are empty" -- a loop over runtime_snapshot/1
that does not copy accumulated results. Stop submitting before waiting;
this is not a barrier against concurrent submissions.

Callback reference implementation
One worker module (short), one pool dispatcher module (short).
Pool.Worker
defmodule Pool.Worker do
  @moduledoc """
  A pool worker that stays alive across many turns.

  Successes and failures accumulate in state, identified by prompt
  and request ref. Accepted tasks wait in the bounded pending queue
  while the worker is busy.
  """

  use GenAgent

  defmodule State do
    defstruct [:name, :role, :task, results: []]
  end

  @impl true
  def init_agent(opts) do
    state = %State{
      name: Keyword.fetch!(opts, :worker_name),
      role: Keyword.get(opts, :role, "research assistant")
    }

    system = """
    You are a #{state.role}. Answer each question concisely in
    1-2 sentences. No preamble.
    """

    {:ok, [system: system, max_tokens: Keyword.get(opts, :max_tokens, 150)], state}
  end

  @impl true
  def pre_turn(task, %State{} = state) do
    {:ok, task, %{state | task: task}}
  end

  @impl true
  def handle_response(ref, response, %State{} = state) do
    entry = %{
      ref: ref,
      task: state.task,
      status: :ok,
      text: String.trim(response.text),
      usage: response.usage,
      duration_ms: response.duration_ms,
      completed_at: System.system_time(:millisecond)
    }

    # NOT :halt -- the worker stays alive for the next task.
    {:noreply, %{state | task: nil, results: [entry | state.results]}}
  end

  @impl true
  def handle_error(ref, reason, %State{} = state) do
    entry = %{
      ref: ref,
      task: state.task,
      status: :error,
      reason: reason,
      completed_at: System.system_time(:millisecond)
    }

    {:noreply, %{state | task: nil, results: [entry | state.results]}}
  end
end
Pool dispatcher
defmodule Pool do
  alias Pool.Worker

  @type handle :: %{workers: [String.t()], counter: :atomics.atomics_ref()}

  def start(size, opts \\ []) when is_integer(size) and size > 0 do
    role = Keyword.get(opts, :role, "research assistant")
    backend = Keyword.get(opts, :backend, GenAgent.Backends.Anthropic)
    id = System.unique_integer([:positive])
    limits = Keyword.take(opts, [:max_pending_prompts, :max_pending_prompt_bytes])

    workers =
      1..size
      |> Enum.map(fn i ->
        name = "pool-#{id}-#{i}"

        {:ok, _pid} =
          GenAgent.start_agent(
            Worker,
            [
              name: name,
              backend: backend,
              worker_name: name,
              role: role
            ] ++ limits
          )

        name
      end)

    counter = :atomics.new(1, [])
    {:ok, %{workers: workers, counter: counter}}
  end

  @doc """
  Submit a task. Returns {:ok, {worker, ref}} for accepted work,
  or {:error, reason}, including {:error, {:overloaded, info}}.
  Rejected tasks have no ref and will not appear in results/1.
  """
  def submit(%{workers: workers, counter: counter}, task) when is_binary(task) do
    idx = :atomics.add_get(counter, 1, 1) - 1
    worker = Enum.at(workers, rem(idx, length(workers)))

    case GenAgent.tell(worker, task) do
      {:ok, ref} -> {:ok, {worker, ref}}
      {:error, reason} -> {:error, reason}
    end
  end

  def submit_many(pool, tasks) when is_list(tasks) do
    Enum.map(tasks, fn task -> {task, submit(pool, task)} end)
  end

  @doc """
  Wait for accepted work to finish. Call after all submitters have finished.
  """
  def wait_for_all(pool, timeout \\ 120_000) do
    deadline = System.monotonic_time(:millisecond) + timeout
    do_wait(pool, deadline)
  end

  @doc """
  Return per-worker successes and failures in completion order.
  """
  def results(%{workers: workers}) do
    Enum.map(workers, fn name ->
      %{agent_state: %Worker.State{results: r}} = GenAgent.status(name)
      %{worker: name, count: length(r), results: Enum.reverse(r)}
    end)
  end

  def stop(%{workers: workers}) do
    Enum.each(workers, &GenAgent.stop/1)
  end

  defp do_wait(%{workers: workers} = pool, deadline) do
    any_busy =
      Enum.any?(workers, fn w ->
        snapshot = GenAgent.runtime_snapshot(w)

        snapshot.phase != :idle or snapshot.pending_prompts > 0 or
          snapshot.pending_notifications > 0 or snapshot.self_chain_pending
      end)

    cond do
      not any_busy ->
        :ok

      System.monotonic_time(:millisecond) >= deadline ->
        {:error, :timeout}

      true ->
        Process.sleep(200)
        do_wait(pool, deadline)
    end
  end
end
Using it
{:ok, pool} =
  Pool.start(3,
    role: "trivia expert",
    max_pending_prompts: 100,
    max_pending_prompt_bytes: 262_144
  )

submissions =
  Pool.submit_many(pool, [
    "capital of France?",
    "who wrote Hamlet?",
    "first president of the US?",
    "speed of light in vacuum?",
    "chemical symbol for gold?",
    "tallest mountain on Earth?",
    "largest ocean?",
    "year WWII ended?",
    "composer of the Ninth Symphony?"
  ])

# Keep each task paired with its admission outcome; surface rejections.
Enum.each(submissions, fn
  {_task, {:ok, {_worker, _ref}}} -> :ok
  {task, {:error, reason}} -> IO.inspect({task, reason}, label: "rejected")
end)

:ok = Pool.wait_for_all(pool)

Pool.results(pool)
# => [%{worker: "pool-1-1", count: 3, results: [...]},
#     %{worker: "pool-1-2", count: 3, results: [...]},
#     %{worker: "pool-1-3", count: 3, results: [...]}]

Pool.stop(pool)
Each result includes task, ref, and status: :ok | :error.
Failures include reason and count toward the worker's total. The ref
distinguishes repeated identical prompts. Results accumulate for the lifetime
of this simple example; a long-running service should drain or persist them.
Cancelling a request while it is still queued bypasses the worker callbacks,
so it does not create a result entry; use the returned ref to check that outcome.
Variations
	Work-stealing instead of round-robin. Instead of assigning
the next task to idx, read each worker's runtime_snapshot/1 and
pick the one with the smallest pending_prompts count, preferring
idle workers. More balanced under uneven task durations but adds N
snapshot calls per submit. These observations can race with other
submitters, so overload handling is still required.
	Typed workers. Not every worker needs the same role. Start
the pool with a map of %{role => count} and dispatch based
on task metadata.
	Rate-limited submission. Wrap submit/2 with a token
bucket so you can't outpace the backend. Alternative: rely on
gen_agent's watchdog and let slow turns time out.
	Auto-scaling. Watch pool-wide queue depth via
[:gen_agent, :mailbox, :queued] telemetry; when it grows
past a threshold, spawn more workers; when it shrinks, remove the
extras from dispatch, drain their accepted work, then stop them with
GenAgent.stop/1 (or Pool.stop/1 on the removed subset). Coordinate
worker-list changes with submitters; halting alone leaves processes alive.



  

    Watcher

Reactive event-driven agent. Starts idle with no initial prompt
and sits waiting until events are pushed at it via
GenAgent.notify/2. handle_event/2 filters events -- interesting
ones dispatch a turn, boring ones no-op.
When to reach for this
The agent exists to react to an external signal stream, not to
drive work on its own. CI status changes, PR events, file system
changes, scheduled triggers, webhook deliveries, queue arrivals.
The "decide when to do something" is outside the agent -- the
agent's job is just to decide what to do with each event as it
lands.
This is the only pattern in the collection where the agent has no
initial turn at all. GenAgent.start_agent/2 returns, the agent
sits in :idle, and it stays there until notify/2 is called.
What it exercises in gen_agent
	handle_event/2 as the primary trigger mechanism -- all
dispatches come through notify, never through ask/2 or
tell/2 from the manager.
	Event filtering via pattern matching -- one
handle_event/2 clause per interesting event shape plus a
catchall returning {:noreply, state}.
	Idle-until-triggered: no initial tell/2 call, no
self-chain, no phase machine. The agent is a pure reducer over
incoming events.
	handle_event returning {:prompt, text, state} to turn
an interesting event into a dispatched turn.

Admission and state
Notifications received during a turn are deferred and handled against
post-turn state. Pending notifications and prompts are bounded by count
and bytes (max_pending_notifications, max_pending_prompts, and their
byte limits). notify/2 returns :ok even when input is dropped, with
[:gen_agent, :input, :rejected] telemetry. Use notify_ack/3 for admission
results. A rejected notification may be safe to retry if it never reached
handle_event/2; a generated prompt rejected after handle_event/2 is
already recorded in failures, so blind retry would duplicate it. Inspect
that state or use event IDs before retrying. Admission is not completion:
a deferred event's generated prompt can later be rejected with
{:overloaded, info} through handle_error/3.
The example records pending events before dispatch, then records either
an action or a failure. A rejected new prompt is removed from the tail;
turns that start consume the head in FIFO order. Failures are retained for
inspection or explicit replay, without an automatic retry loop. This is
in-memory history, not durable delivery. Drive this agent only through
events so unrelated tell/ask turns cannot consume its pending events.
The pattern
One callback module. The manager never sends prompts directly;
everything is driven by notify/2.
defmodule Watcher.Agent do
  @moduledoc """
  A reactive GenAgent that starts idle and only wakes up when
  interesting events arrive.

  Events this agent understands:
    * {:ci_result, :passed}             -- ignored
    * {:ci_result, :failed, details}    -- diagnosis turn
    * {:pr_opened, author, title}       -- welcome turn
    * {:timer, label}                   -- ignored
  """

  use GenAgent

  defmodule State do
    defstruct actions: [], pending: [], active: nil, failures: []
  end

  @impl true
  def init_agent(opts) do
    system = """
    You are a CI/PR watcher. When asked to diagnose a build
    failure, respond in 2 short sentences: likely cause +
    suggested first step. When asked to welcome a PR, respond in
    one sentence. No preamble.
    """

    {:ok, [system: system, max_tokens: Keyword.get(opts, :max_tokens, 120)], %State{}}
  end

  # --- Event filtering ---

  @impl true
  def handle_event({:ci_result, :passed}, state), do: {:noreply, state}

  def handle_event({:ci_result, :failed, details} = event, state) do
    prompt = """
    CI build failed with this error:

    #{details}

    Diagnose the likely cause and first debugging step.
    """

    {:prompt, prompt, %{state | pending: state.pending ++ [{event, prompt}]}}
  end

  def handle_event({:pr_opened, author, title} = event, state) do
    prompt = ~s|#{author} just opened a PR titled: "#{title}". Welcome them in one sentence.|
    {:prompt, prompt, %{state | pending: state.pending ++ [{event, prompt}]}}
  end

  def handle_event({:timer, _label}, state), do: {:noreply, state}

  def handle_event(_other, state), do: {:noreply, state}

  # A queue rejection happens before pre_turn; an executing turn owns active.
  # Match the generated prompt so an unrelated direct prompt cannot claim an event.
  @impl true
  def pre_turn(prompt, %State{pending: [{event, prompt} | rest]} = state) do
    {:ok, prompt, %{state | pending: rest, active: event}}
  end

  # This recipe processes event-generated prompts only. Unmatched direct
  # prompts are skipped explicitly, rather than claiming a queued event.
  def pre_turn(_prompt, %State{} = state), do: {:skip, state}

  # --- Turn completion ---

  @impl true
  def handle_response(_ref, response, %State{} = state) do
    action = %{
      event: state.active,
      text: String.trim(response.text),
      at: System.system_time(:millisecond)
    }

    {:noreply, %{state | active: nil, actions: state.actions ++ [action]}}
  end

  @impl true
  def handle_error(_ref, reason, %State{} = state) do
    {event, pending} =
      if is_nil(state.active) do
        {{event, _prompt}, rest} = List.pop_at(state.pending, -1)
        {event, rest}
      else
        {state.active, state.pending}
      end

    failure = %{event: event, reason: reason, at: System.system_time(:millisecond)}
    {:noreply, %{state | active: nil, pending: pending, failures: state.failures ++ [failure]}}
  end
end
Using it
{:ok, _pid} = GenAgent.start_agent(Watcher.Agent,
  name: "ci-watcher",
  backend: GenAgent.Backends.Anthropic
)

# No initial turn. The agent is idle.
GenAgent.status("ci-watcher")
# => %{state: :idle, queued: 0, ...}

# Push events.
GenAgent.notify("ci-watcher", {:ci_result, :passed})
# -> ignored, agent stays idle

GenAgent.notify("ci-watcher", {:pr_opened, "alice", "fix: auth header bug"})
# -> dispatches a welcome turn

GenAgent.notify("ci-watcher", {:ci_result, :failed, "test_auth.ex:42: assertion failed"})
# -> dispatches a diagnosis turn

# Read the log of actions the agent has produced.
%{agent_state: %{actions: actions}} = GenAgent.status("ci-watcher")
Enum.each(actions, fn a -> IO.puts(a.text) end)

GenAgent.stop("ci-watcher")
Use runtime_snapshot/2 (timeout optional) to inspect queue counts without
copying action history. Its current request ref can be passed to
interrupt_request/3 to interrupt the active turn. tell_with_completion/4
and cancel_request/3 apply to caller-owned prompts on a separate agent, not
to this event-driven recipe. Notification admission is not completion.
Variations
	External signal sources. Hook a GenServer or a Task that
tails GitHub webhooks, inotify, a Kafka topic, or a cron-style
scheduler, and have it call GenAgent.notify/2 on every
event. The watcher doesn't care where events come from.
	Routing to multiple watchers. If you want different
watchers for different event classes, start N named watchers
and have the dispatcher pattern-match events to routes.
	Rate limiting. If the event stream is bursty, the watcher's
bounded pending queues can reject input. Handle notify_ack/3 overload
at the source, or use
handle_event({:ci_result, :failed, _}, %{recent: ts}) with a
state-tracked cooldown.
	Combine with Pool. A single watcher can receive events and
GenAgent.tell/2 them into a worker pool for parallel
processing. The watcher becomes pure dispatch logic; the pool
does the work.
	Self-destructing watcher. A watcher that halts itself after
receiving N events or after a certain time, so you can start
short-lived scoped watchers for narrow windows of interest.



  

    Heartbeat

Time-driven agent. Sits idle until a synthetic :tick event arrives
on a fixed interval, then decides per-tick whether the accumulated
state is worth a turn. The trigger is the clock; the filter is the
agent's own state.
When to reach for this
The agent's job is "wake up periodically and check in." Polling an
external queue or status endpoint, summarizing accumulated
observations on a schedule, decaying or pruning stale state on a
timer, periodic re-planning, scheduled health digests. Anything
where the cadence is owned by the agent rather than driven by an
external event stream.
This is the closest cousin to Watcher. Both are
idle-until-triggered and both route through handle_event/2. The
difference is who decides when something happens:
	Aspect	Watcher	Heartbeat
	Trigger source	External event stream	Internal clock
	Filter lives in	Event content ({:ci_result, ...})	Agent state at tick time
	Idle behavior	Wait for the world to push an event	Wait for the next pulse, then inspect
	Typical use case	React to CI, webhooks, file changes	Poll, summarize, prune, re-plan

If your agent needs both -- real events and a periodic pulse --
combine them. Heartbeat is just Watcher with the clock as one of its
event sources.
What it exercises in gen_agent
	handle_event/2 with a synthetic :tick event delivered via
the notification protocol from a separate timer process. Same primitive
as Watcher; different sender.
	Per-tick state inspection. The interesting logic is not
"what does this event say" but "given where we are now, is it
worth dispatching a turn?" Filtering happens against agent state,
not event content.
	Idle-until-triggered with no initial turn. The agent does
nothing until the first tick lands.
	Bounded notification admission. Events received during a turn are
deferred and handled against post-turn state. Pending notifications and
prompts have count and byte limits. notify/2 returns :ok even on
overflow; rejection emits [:gen_agent, :input, :rejected] telemetry.
notify_ack/3 reports admission, not turn completion. A deferred event's
generated prompt can still be rejected later through handle_error/3.

The pattern
Two pieces: the agent, and a small ticker that pulses it. The
ticker monitors one agent process and sends pulses on an interval. You can swap it for
:timer.send_interval, Process.send_after, a Quantum job, or any
other timing source without touching the agent.
GenAgent.notify/2 resolves a registered name. Before each pulse, the ticker
checks that the name still resolves to the process it monitors; it stops when
that process exits or the name changes. The ticker includes the monitored PID
in its event, and the agent ignores a targeted tick for another PID. Even if
a replacement registers between the check and the notify call, it cannot
turn the old ticker's pulse into work. Pulses can be dropped on overload;
the next pulse rechecks the retained observations.
defmodule Heartbeat.Agent do
  @moduledoc """
  A heartbeat-driven GenAgent that wakes up on a fixed interval and
  decides per-tick whether to dispatch a turn.

  Events:
    * :tick                    -- pulse from another timing source
    * {:tick, target_pid}      -- incarnation-bound pulse from this ticker
    * {:observation, payload}  -- enqueue an observation between ticks
  """

  use GenAgent

  defmodule State do
    defstruct observations: [], in_flight: nil, summaries: [], failures: [], min_batch: 3
  end

  @impl true
  def init_agent(opts) do
    system = """
    You are an observability digest. Given a list of recent
    observations, write a 2-sentence summary highlighting anything
    that looks anomalous. No preamble.
    """

    state = %State{min_batch: Keyword.get(opts, :min_batch, 3)}
    {:ok, [system: system, max_tokens: Keyword.get(opts, :max_tokens, 200)], state}
  end

  # --- Event handling ---

  @impl true
  def handle_event({:observation, payload}, %State{} = state) do
    {:noreply, %{state | observations: state.observations ++ [payload]}}
  end

  def handle_event({:tick, target_pid}, %State{} = state) do
    if target_pid == self(), do: handle_event(:tick, state), else: {:noreply, state}
  end

  # Keep at most one summary outstanding, including while halted.
  def handle_event(:tick, %State{in_flight: batch} = state) when not is_nil(batch),
    do: {:noreply, state}

  def handle_event(:tick, %State{observations: obs, min_batch: min} = state)
      when length(obs) < min do
    # Not enough new observations -- skip this pulse.
    {:noreply, state}
  end

  def handle_event(:tick, %State{observations: obs} = state) do
    prompt = """
    Recent observations (#{length(obs)}):

    #{Enum.map_join(obs, "\n", fn o -> "- #{inspect(o)}" end)}

    Summarize anomalies in 2 sentences.
    """

    {:prompt, prompt, %{state | observations: [], in_flight: obs}}
  end

  def handle_event(_other, state), do: {:noreply, state}

  # --- Turn completion ---

  @impl true
  def handle_response(_ref, response, %State{} = state) do
    summary = %{text: String.trim(response.text), at: System.system_time(:millisecond)}
    {:noreply, %{state | in_flight: nil, summaries: state.summaries ++ [summary]}}
  end

  @impl true
  def handle_error(_ref, reason, %State{} = state) do
    batch = state.in_flight || []
    failure = %{observations: batch, reason: reason}

    # Retry on a later tick, never in an immediate error loop.
    {:noreply,
     %{
       state
       | in_flight: nil,
         observations: batch ++ state.observations,
         failures: state.failures ++ [failure]
     }}
  end
end

defmodule Heartbeat.Ticker do
  @moduledoc """
  Pulses one agent incarnation. Stops when that process exits.
  Start a new ticker explicitly for a replacement agent.
  """
  use GenServer, restart: :temporary

  def start_link(opts), do: GenServer.start_link(__MODULE__, opts)

  @impl true
  def init(opts) do
    case GenAgent.whereis(Keyword.fetch!(opts, :agent)) do
      nil ->
        {:stop, :agent_not_found}

      pid ->
        monitor = Process.monitor(pid)
        interval = Keyword.fetch!(opts, :interval_ms)
        Process.send_after(self(), :tick, interval)
        {:ok,
         %{
           agent: Keyword.fetch!(opts, :agent),
           pid: pid,
           monitor: monitor,
           interval: interval
         }}
    end
  end

  @impl true
  def handle_info(:tick, state) do
    # Stop once the name no longer identifies the monitored process.
    if GenAgent.whereis(state.agent) == state.pid do
      # Pulses are expendable: notify/2 reports overflow only through telemetry.
      GenAgent.notify(state.agent, {:tick, state.pid})
      Process.send_after(self(), :tick, state.interval)
      {:noreply, state}
    else
      {:stop, :normal, state}
    end
  end

  def handle_info({:DOWN, ref, :process, pid, _reason}, %{monitor: ref, pid: pid} = state),
    do: {:stop, :normal, state}

  def handle_info(_other, state), do: {:noreply, state}
end
Using it
{:ok, _pid} = GenAgent.start_agent(Heartbeat.Agent,
  name: "ops-digest",
  backend: GenAgent.Backends.Anthropic,
  min_batch: 3
)

# The temporary child is removed when the monitored agent stops.
{:ok, ticker_supervisor} = Supervisor.start_link(
  [{Heartbeat.Ticker, agent: "ops-digest", interval_ms: 30_000}],
  strategy: :one_for_one
)

# No initial turn. Agent is idle, ticker is counting down.
GenAgent.status("ops-digest")
# => %{state: :idle, queued: 0, ...}

# Feed observations between ticks.
:ok = GenAgent.notify_ack("ops-digest", {:observation, %{cpu: 78}})
:ok = GenAgent.notify_ack("ops-digest", {:observation, %{cpu: 92, alert: true}})

# ~30s later: tick fires. 2 observations < min_batch=3 -- skipped.

:ok = GenAgent.notify_ack("ops-digest", {:observation, %{cpu: 88}})

# ~30s later: tick fires. 3 observations >= min_batch -- dispatches a
# summary turn. The batch stays in in_flight until success; a failure
# restores it to observations for a later tick and records the reason.

%{agent_state: %{summaries: summaries}} = GenAgent.status("ops-digest")
Enum.each(summaries, fn s -> IO.puts(s.text) end)

GenAgent.stop("ops-digest")
Supervisor.stop(ticker_supervisor)
The ticker is a temporary child: if the agent process is restarted, its owner
must start a new ticker for that new incarnation. The batch and failure
history are in-memory only. Repeated failures can grow both lists until a
prompt exceeds the configured byte limit; cap or persist them in production.
This example is driven only by events; do not mix unrelated tell/ask
turns into its callbacks.
Use runtime_snapshot/2 (timeout optional) for queue counts and lifecycle
inspection without copying the observation history. Its current request ref
can be passed to interrupt_request/3 to interrupt the active turn.
tell_with_completion/4 and cancel_request/3 apply to caller-owned prompts
on a separate agent, not to this event-driven recipe. Notification admission
is not completion.
Variations
	Different timing sources. Replace Heartbeat.Ticker with
:timer.send_interval/3 from a GenServer, a Quantum cron job, a
systemd timer pinging an HTTP endpoint that calls notify/2, or
an external scheduler. The agent doesn't care.
	Adaptive interval. Track recent activity in state and have the
ticker query the agent for its preferred next-tick delay
(Process.send_after from inside handle_response/3 to a ticker
GenServer). Slow down when idle, speed up when something
interesting just happened.
	Multiple cadences. Distinct tick events --
:tick_fast, :tick_slow, :tick_daily -- each on its own
ticker, each with its own handle_event/2 clause. One agent,
several rhythms.
	Per-Nth-tick deep work. Track a tick counter in state. Most
ticks are cheap state checks; every 10th tick triggers a deeper
re-plan or full summary. The pattern matches against the counter
value in handle_event(:tick, %State{ticks: n}).
	Combine with Watcher. A single agent can take both real
external events ({:ci_result, ...}) and :tick from a ticker.
The two handle_event/2 clauses don't interfere. This is the
natural shape for "react when something happens, otherwise check
in every N minutes anyway."
	Self-halting heartbeat. Agent halts after N ticks or after a
deadline ({:halt, state} from handle_event(:tick, ...)).
Useful for time-boxed monitoring windows. Halting is not stopping:
notifications still run handle_event/2, applying state changes and
queueing generated prompts until resume/1. This example keeps at most
one batch outstanding; ticks without enough observations also queue
nothing. The ticker's owner should stop it with GenServer.stop/1 after
observing the halt (for example, through status or halt telemetry); its
monitor only stops it when the agent process exits.
	Polling external state. The most common shape: each tick
pulls fresh data from a queue, API, or database, stuffs it into
state, and decides whether the new data warrants a turn. The
pull happens in handle_event(:tick, ...) before the
{:prompt, ...} decision.



  

    Checkpointer

Human-in-the-loop review workflow. The agent works on a multi-step
task autonomously, but after each step sits idle with a phase
marker instead of halting, waiting for the manager to send one of
approve, {:revise, hint}, or finish for the draft it inspected.
When to reach for this
You want an agent to produce draft work in steps, but a human (or
a reviewing agent) needs to gate each step before the next one
starts. Writing a document one paragraph at a time with review
between paragraphs. Producing a release plan and approving each
stage. Generating PR descriptions that need human sign-off before
posting.
The critical design decision is not to halt. If you halt with
{:halt, state} to pause for review, you freeze the mailbox --
which means a subsequent {:prompt, ..., state} return from
handle_event/2 will silently enqueue but never dispatch. Idle
with a phase marker is the correct primitive for "wait for next
input from outside."
What it exercises in gen_agent
	Idle-with-phase-marker as a pause primitive.
handle_response/3 returns {:noreply, state} with
phase: :awaiting_review instead of {:halt, state}. The
agent is idle and its mailbox is live, so a subsequent
notify/2 can dispatch the next turn.
	handle_event/2 returning {:prompt, text, state} as a
resume primitive. Each review decision produces the next
prompt and transitions back to :drafting.
	Multiple decision outcomes from the manager: approve
(continue to next step), revise (redo with feedback), finish
(halt).
	Terminal halt only happens on final approval or explicit
finish -- not on intermediate pauses.
	Explicit review targets. Decisions carry a token naming the
draft they were made on, so queued, stale, and duplicate
decisions are rejected.
	handle_error/3 as a recoverable state. A failed turn moves
the agent to a visible :failed phase instead of leaving it in
:drafting.

The pattern
One callback module. The manager's review decisions come in as
{:review, token, :approve | {:revise, feedback} | :finish} notifies.
Each successful draft gets a fresh review_token (a reference),
exposed in agent state next to the draft. A decision is applied only
if its token equals the current review_token, and the token is
cleared as soon as a decision is accepted. This matters because the
runtime defers notifications that arrive while a turn is in flight
and drains them after handle_response/3 has returned. By then the
phase is :awaiting_review again for a new draft, so a decision
matched on phase alone would be applied to a draft the reviewer
never saw, and an approve sent twice would advance two steps. With
tokens, an early, stale, or duplicate decision carries a token that
no longer matches and falls through to the catch-all clause.
A failed turn does not call handle_response/3. The agent
implements handle_error/3 to enter a :failed phase, record the
reason and the prompt that failed, and clear the review token. The
manager recovers with {:retry, failure_ref}, which names the
specific failure and redispatches the same prompt.
defmodule Checkpointer.Agent do
  use GenAgent

  defmodule State do
    defstruct [
      :task,
      :draft,
      :current_step,
      :total_steps,
      :review_token,
      :last_prompt,
      :failure,
      phase: :drafting,
      history: [],
      feedback: nil
    ]
  end

  @impl true
  def init_agent(opts) do
    state = %State{
      task: Keyword.fetch!(opts, :task),
      current_step: 1,
      total_steps: Keyword.get(opts, :total_steps, 3)
    }

    system = """
    You are a writing assistant working on a multi-step task.
    Each turn, produce one refinement of the current draft. Keep
    each output concise. No preamble, no explanations -- just
    the draft.
    """

    {:ok, [system: system, max_tokens: Keyword.get(opts, :max_tokens, 300)], state}
  end

  # Remember the prompt of the turn in flight so a failed turn can be retried.
  @impl true
  def pre_turn(prompt, %State{} = state) do
    {:ok, prompt, %{state | last_prompt: prompt}}
  end

  @impl true
  def handle_response(_ref, response, %State{} = state) do
    draft = String.trim(response.text)

    new_history =
      state.history ++ [%{step: state.current_step, draft: draft, feedback: state.feedback}]

    new_state = %{
      state
      | draft: draft,
        history: new_history,
        feedback: nil,
        failure: nil,
        review_token: make_ref(),
        phase: :awaiting_review
    }

    # NOT {:halt, state} -- halt would freeze the mailbox and
    # block handle_event's {:prompt, ...} return. Idle with a
    # phase marker is the correct pause primitive.
    {:noreply, new_state}
  end

  @impl true
  def handle_error(ref, reason, %State{} = state) do
    failure = %{ref: ref, reason: reason, prompt: state.last_prompt}
    {:noreply, %{state | phase: :failed, failure: failure, review_token: nil}}
  end

  # --- Review decisions from the manager ---

  @impl true
  def handle_event(
        {:review, token, :approve},
        %State{phase: :awaiting_review, review_token: token} = state
      )
      when is_reference(token) do
    if state.current_step >= state.total_steps do
      {:halt, %{state | phase: :done, review_token: nil}}
    else
      next_step = state.current_step + 1
      prompt = next_step_prompt(state.task, state.draft, next_step, state.total_steps)

      {:prompt, prompt, %{state | current_step: next_step, phase: :drafting, review_token: nil}}
    end
  end

  def handle_event(
        {:review, token, {:revise, feedback}},
        %State{phase: :awaiting_review, review_token: token} = state
      )
      when is_reference(token) and is_binary(feedback) do
    prompt = """
    Revise the current draft based on this feedback: #{feedback}

    Current draft:
    #{state.draft}
    """

    {:prompt, prompt, %{state | feedback: feedback, phase: :drafting, review_token: nil}}
  end

  def handle_event(
        {:review, token, :finish},
        %State{phase: :awaiting_review, review_token: token} = state
      )
      when is_reference(token) do
    {:halt, %{state | phase: :done, review_token: nil}}
  end

  # A retry names the failure it targets, so a stale retry is ignored.
  def handle_event(
        {:retry, ref},
        %State{phase: :failed, failure: %{ref: ref, prompt: prompt}} = state
      )
      when is_binary(prompt) do
    {:prompt, prompt, %{state | phase: :drafting, failure: nil}}
  end

  def handle_event(_other, state), do: {:noreply, state}

  # --- Prompts ---

  defp next_step_prompt(task, previous_draft, next_step, total) do
    """
    You are on step #{next_step} of #{total} for the task: #{task}

    Previous draft:
    #{previous_draft}

    Produce the next refinement. Each step should improve on
    the previous -- tighter, clearer, more specific.
    """
  end
end
Using it
{:ok, _pid} = GenAgent.start_agent(Checkpointer.Agent,
  name: "pitch",
  backend: GenAgent.Backends.Anthropic,
  task: "a single-sentence elevator pitch for a time-tracking app",
  total_steps: 3
)

# Kick off the first step.
{:ok, _ref} = GenAgent.tell("pitch",
  "Write an initial draft for: a single-sentence elevator pitch for a time-tracking app")

# Wait for phase :awaiting_review or :failed (a small poll loop or a
# helper in your manager module), then inspect.
case GenAgent.status("pitch").agent_state do
  %{phase: :awaiting_review, draft: draft, current_step: step, review_token: token} ->
    IO.puts("step #{step}: #{draft}")

    # Decide what to do next. The decision names the draft it was made on.
    GenAgent.notify("pitch", {:review, token, :approve})
    # ... or
    # GenAgent.notify("pitch", {:review, token, {:revise, "make it more specific about the target user"}})
    # ... or
    # GenAgent.notify("pitch", {:review, token, :finish})

  %{phase: :failed, failure: %{ref: ref, reason: reason}} ->
    IO.puts("turn failed: #{inspect(reason)}")

    # Redispatch the same prompt, or stop the agent.
    GenAgent.notify("pitch", {:retry, ref})
end

# After approve, the next step dispatches automatically. Loop:
# wait -> inspect -> decide -> repeat. Always take the token from the
# draft you inspected; never reuse one from an earlier draft.

GenAgent.stop("pitch")
Variations
	Multi-reviewer sign-off. Instead of a single :approve
command, require N distinct reviewers to each send a
{:review, token, :approve, reviewer_id} before advancing. Track
approvals in state, advance when the set is full.
	Time-boxed review. If no review decision arrives within a
deadline, auto-approve or auto-finish. Use a state timeout or
an external watchdog that fires a notify.
	Branching plans. Instead of a linear step counter, store
a tree of planned steps and let the reviewer choose which
branch to explore next via a more complex notify shape.
	Diff-based review. For patterns where each step produces a
file change rather than a prose draft, replace draft with a
proposed diff and let the reviewer approve/reject it. Commits
happen via post_turn/3 once approved. See
Workspace for the workspace plumbing half of
that.



  

    Retry

Failure-and-retry agent. handle_error/3 decides whether to retry.
A retry is a delayed event: the agent schedules a timer, goes idle,
and handle_event/2 returns {:prompt, retry_text, state} when the
timer fires. The retry decision lives on agent state: attempt count,
accumulated errors, and a configurable cap.
When to reach for this
You expect transient failures (rate limits, network blips,
flaky backends) and want the agent to absorb them without the
manager having to notice and retry. The retry logic benefits
from being stateful -- you want to count attempts, track the
sequence of errors, apply backoff, and give up after a cap.
The pattern hinges on two gen_agent primitives: handle_error/3
sees every failed turn, and handle_event/2 has the same return
shape as handle_response/3, so returning {:prompt, text, state}
from the timer event self-chains a retry turn.
What it exercises in gen_agent
	handle_error/3 plus handle_event/2 as a retry primitive:
the error handler schedules, the event handler re-prompts.
	Attempt counting and error accumulation on agent state.
	Giving-up semantics via {:halt, %{state | phase: :failed}}
when max_attempts is reached.

	Backoff via a timer that calls GenAgent.notify/2. The agent
process never sleeps, so status/1, poll/2, interrupt/1 and
stop/1 stay responsive during the wait. A callback that sleeps
would block them, and a stop/1 during a sleep longer than the 5
second child shutdown timeout would kill the process before
terminate_agent/2 and terminate_session/1 run.
	Error classes. :interrupted (from interrupt/1) and
:timeout (from the watchdog) halt instead of retrying. These
apply to an attempt that is running. While the agent waits out a
backoff it is idle and interrupt/1 is a no-op, so it does not
cancel the pending retry. Send the :cancel_retry event instead
(see "Using it").
	Cancel-safe delay. The pending timer is tracked on state with
a token. A cancelled or stale timer is ignored, and
terminate_agent/2 cancels it.

The pattern
One callback module. No facade needed -- the manager just starts
the agent and polls status.
defmodule Retry.Agent do
  use GenAgent

  defmodule State do
    defstruct [
      :task,
      :max_attempts,
      :agent_name,
      :base_backoff_ms,
      :result,
      :timer,
      :token,
      phase: :running,
      attempts: 0,
      errors: []
    ]
  end

  @impl true
  def init_agent(opts) do
    state = %State{
      task: Keyword.fetch!(opts, :task),
      max_attempts: Keyword.get(opts, :max_attempts, 3),
      # GenAgent strips :name before init_agent/1, so the timer needs
      # the name passed again to address the agent.
      agent_name: Keyword.fetch!(opts, :agent_name),
      base_backoff_ms: Keyword.get(opts, :base_backoff_ms, 1000)
    }

    system = "You are a persistent assistant. Answer concisely in 1-2 sentences."

    backend_opts =
      [
        system: system,
        max_tokens: Keyword.get(opts, :max_tokens, 100)
      ] ++ Keyword.get(opts, :backend_opts, [])

    {:ok, backend_opts, state}
  end

  @impl true
  def handle_response(_ref, response, %State{} = state) do
    new_attempts = state.attempts + 1
    text = String.trim(response.text)

    {:halt,
     %{
       state
       | result: text,
         attempts: new_attempts,
         phase: :succeeded
     }}
  end

  # Work that was stopped on purpose is not retried.
  @impl true
  def handle_error(_ref, :interrupted, %State{} = state),
    do: give_up(state, :interrupted, :interrupted)

  def handle_error(_ref, :timeout, %State{} = state),
    do: give_up(state, :timeout, :timed_out)

  def handle_error(_ref, reason, %State{} = state) do
    new_attempts = state.attempts + 1
    new_state = %{state | attempts: new_attempts, errors: state.errors ++ [reason]}

    if new_attempts < state.max_attempts do
      {:noreply, schedule_retry(new_state)}
    else
      {:halt, %{new_state | phase: :failed}}
    end
  end

  # The timer fired. Ignore it unless it is the one currently pending.
  @impl true
  def handle_event({:retry, token}, %State{phase: :waiting, token: token} = state) do
    retry_prompt = "The previous attempt failed. Retry the task: #{state.task}"
    {:prompt, retry_prompt, %{state | phase: :running, timer: nil, token: nil}}
  end

  def handle_event({:retry, _stale}, %State{} = state), do: {:noreply, state}

  # Abandon a retry that is waiting out its backoff.
  def handle_event(:cancel_retry, %State{phase: :waiting} = state) do
    {:halt, %{cancel_timer(state) | phase: :cancelled}}
  end

  def handle_event(_event, %State{} = state), do: {:noreply, state}

  @impl true
  def terminate_agent(_reason, %State{} = state) do
    cancel_timer(state)
    :ok
  end

  defp give_up(state, reason, phase) do
    {:halt,
     %{
       state
       | attempts: state.attempts + 1,
         errors: state.errors ++ [reason],
         phase: phase
     }}
  end

  # Exponential backoff: base, 2x base, 4x base, ...
  defp schedule_retry(%State{} = state) do
    backoff_ms = state.base_backoff_ms * Integer.pow(2, state.attempts - 1)
    token = make_ref()

    {:ok, timer} =
      :timer.apply_after(backoff_ms, GenAgent, :notify, [state.agent_name, {:retry, token}])

    %{state | phase: :waiting, timer: timer, token: token}
  end

  defp cancel_timer(%State{timer: nil} = state), do: state

  defp cancel_timer(%State{timer: timer} = state) do
    :timer.cancel(timer)
    %{state | timer: nil, token: nil}
  end
end
Using it
{:ok, _pid} = GenAgent.start_agent(Retry.Agent,
  name: "retry-haiku",
  agent_name: "retry-haiku",
  backend: GenAgent.Backends.Anthropic,
  task: "write a haiku about persistence",
  max_attempts: 5
)

# Kick off the first attempt.
{:ok, _ref} = GenAgent.tell("retry-haiku",
  "write a haiku about persistence")

# Wait for phase in [:succeeded, :failed, :interrupted, :timed_out,
# :cancelled] and read the result. While phase is :waiting the agent
# is idle and answers status/1 normally.
%{agent_state: state} = GenAgent.status("retry-haiku")
IO.inspect(%{
  phase: state.phase,
  attempts: state.attempts,
  errors: state.errors,
  result: state.result
})

GenAgent.stop("retry-haiku")
To abandon a retry that is waiting out its backoff, send
GenAgent.notify("retry-haiku", :cancel_retry). interrupt/1 cannot
do this: the agent is idle during the backoff, so the interrupt is
ignored and the timer still starts another attempt. :cancel_retry
halts with phase: :cancelled and cancels the timer. A timer message
already in flight is ignored because its token no longer matches.
Testing without burning tokens
Use a local backend instead of a real one. It implements
GenAgent.Backend, fails the first N prompts with a synthetic 429
error, and then succeeds. Retry.Agent forwards :backend_opts
to it, so no credentials or network are needed.
defmodule Retry.FlakyBackend do
  @behaviour GenAgent.Backend

  @impl true
  def start_session(opts) do
    {:ok,
     %{
       calls: :counters.new(1, []),
       fail_first: Keyword.fetch!(opts, :fail_first),
       observer: Keyword.get(opts, :observer)
     }}
  end

  @impl true
  def prompt(%{calls: calls, fail_first: fail_first, observer: observer} = session, prompt) do
    :counters.add(calls, 1, 1)
    n = :counters.get(calls, 1)
    if observer, do: send(observer, {:prompt, n, prompt, System.monotonic_time(:millisecond)})

    if n <= fail_first do
      {:error, {:http_error, 429, %{"error" => %{"type" => "rate_limit_error"}}}}
    else
      {:ok, [GenAgent.Event.new(:result, %{text: "Persistence."})], session}
    end
  end

  @impl true
  def terminate_session(%{observer: observer}) do
    if observer, do: send(observer, :session_terminated)
    :ok
  end
end
Start the agent with a short base_backoff_ms:
{:ok, _pid} = GenAgent.start_agent(Retry.Agent,
  name: "retry-test",
  agent_name: "retry-test",
  backend: Retry.FlakyBackend,
  task: "write a haiku",
  max_attempts: 5,
  base_backoff_ms: 10,
  backend_opts: [fail_first: 2, observer: self()]
)

{:ok, _ref} = GenAgent.tell("retry-test", "write a haiku")
The agent fails twice, waits 10 ms and 20 ms, then succeeds with
phase: :succeeded and attempts: 3. test/guides/retry_test.exs
compiles both modules from this guide and also covers interruption,
the watchdog, cancellation, and stop during a backoff.
Variations
	Exponential backoff with jitter. Add random jitter to the
timer delay in schedule_retry/1: backoff_ms + :rand.uniform(500).
Avoids thundering-herd when many agents retry simultaneously.
	Narrower error classes. The guide already halts on
:interrupted and :timeout. Add clauses to handle_error/3
so only {:http_error, 429, _} and {:http_error, 503, _} retry
and every other reason halts.
	Retry budget. Instead of a count cap, a time budget: halt
if System.monotonic_time() - state.started_at exceeds N
seconds. More natural for "best effort within a deadline."
	Different prompt on retry. The retry prompt could
incorporate the error, e.g. "The previous attempt failed with:
#{inspect(reason)}. Try a different approach." -- useful when
the failure is prompt-shaped rather than transport-shaped.
	Retry with a different backend. If the first backend
errors three times, swap to a fallback backend. Requires the
callback module to track which backend it started with and
to restart the session mid-run, which is more work than the
minimal pattern shown here.



  

    Workspace

Single agent operating in an isolated git workspace, with
per-turn commits and a completion hook. This is the reference
example for gen_agent v0.2 lifecycle hooks -- all four of them
fire in sequence on the happy path.
When to reach for this
The agent's work is file-based and needs to be committed
incrementally, rolled back cleanly, or eventually turned into a
PR. You want workspace isolation (the agent cannot stomp the
developer's working tree) and a permanent audit trail (each
turn is its own commit with a reproducible message).
This pattern is the foundation for any "real code agent" use
case: an agent that actually edits files rather than just
describing changes. The lifecycle hooks give you the right
seams -- setup on start, prompt shaping per turn, artifact
materialization after each turn, cleanup summary on halt --
without the agent's core decision logic having to know about
git or files.
What it exercises in gen_agent
All four v0.2 lifecycle hooks in one pattern:
	pre_run/1 -- creates the temporary workspace (for real
use, a git worktree; for this example a fresh git init
directory). Runs once after init_agent, before the first
turn. Does not block start_agent/2 from returning.
	pre_turn/2 -- rewrites the prompt to include turn
context and prior state. Demonstrates prompt rewriting: the
manager sends a generic "next paragraph" instruction and
pre_turn replaces it with the real grounded prompt.
	post_turn/3 -- writes the response to a file, stages
it, commits with a descriptive message, and records the SHA
on state. Runs after each turn regardless of what
handle_response/3 decided.
	post_run/1 -- prints the branch and workspace path when
the agent halts. It prints the checked commit log only for a
verified :finished phase. It does not fire on crashes, stop,
or supervisor shutdown.

Plus:
	Self-chaining via {:prompt, text, state} from
handle_response/3 to drive multiple turns without manager
input.
	handle_error/3 to halt cleanly on backend failures so
post_run can still run.

The pattern
One callback module. The manager just starts the agent and
inspects the workspace after halt.
defmodule Workspace.Agent do
  use GenAgent
  require Logger

  defmodule State do
    defstruct [
      :topic,
      :num_turns,
      :workspace,
      :branch,
      :session_id,
      :git_timeout,
      :commit_log,
      turn: 0,
      paragraphs: [],
      commits: [],
      phase: :running
    ]
  end

  @impl true
  def init_agent(opts) do
    id =
      Keyword.get_lazy(opts, :session_id, fn ->
        Base.encode16(:crypto.strong_rand_bytes(16), case: :lower)
      end)

    if is_binary(id) and Regex.match?(~r/\A[a-z0-9][a-z0-9-]{0,62}\z/, id) do
      init_state(opts, id)
    else
      {:error, {:invalid_session_id, id}}
    end
  end

  defp init_state(opts, id) do
    base = Keyword.get(opts, :workspace_root, Path.join(System.tmp_dir!(), "workspace-agent"))

    state = %State{
      topic: Keyword.fetch!(opts, :topic),
      num_turns: Keyword.get(opts, :num_turns, 3),
      session_id: id,
      workspace: Path.expand(Path.join(base, "session-#{id}")),
      branch: "agent/#{id}",
      git_timeout: Keyword.get(opts, :git_timeout, 5_000)
    }

    system = """
    You are a focused writer producing a multi-paragraph essay
    one paragraph at a time. Write exactly one paragraph. No
    preamble. No headings. No meta-commentary.
    """

    {:ok, [system: system, max_tokens: Keyword.get(opts, :max_tokens, 200), cwd: state.workspace],
     state}
  end

  # ---- Lifecycle hooks ----

  @impl true
  def pre_run(%State{} = state) do
    with :ok <- File.mkdir_p(Path.dirname(state.workspace)),
         :ok <- File.mkdir(state.workspace) do
      result =
        with {:ok, _} <-
               git(state, ["init", "--quiet", "--template=", "--initial-branch=#{state.branch}"]),
             {:ok, _} <- git(state, ["config", "user.email", "agent@example.local"]),
             {:ok, _} <- git(state, ["config", "user.name", "Workspace Agent"]),
             {:ok, _} <- git(state, ["commit", "--quiet", "--allow-empty", "-m", "init"]) do
          {:ok, state}
        end

      case result do
        {:ok, _} ->
          result

        {:error, reason} ->
          case File.rm_rf(state.workspace) do
            {:ok, _} -> {:error, reason}
            {:error, cleanup, path} -> {:error, {reason, {:cleanup_failed, cleanup, path}}}
          end
      end
    else
      {:error, :eexist} -> {:error, {:workspace_exists, state.workspace}}
      {:error, reason} -> {:error, {:workspace_create_failed, reason}}
    end
  end

  @impl true
  def pre_turn(_prompt, %State{phase: {:failed, _}} = state), do: {:halt, state}

  # Finalize after post_turn, before claiming success. post_run cannot change state.
  def pre_turn(_prompt, %State{turn: turn, num_turns: total} = state) when turn >= total do
    case git(state, ["log", "--oneline"]) do
      {:ok, log} -> {:halt, %{state | phase: :finished, commit_log: log}}
      {:error, reason} -> {:halt, failed(state, reason)}
    end
  end

  def pre_turn(_prompt, %State{} = state) do
    next_turn = state.turn + 1

    context =
      case state.paragraphs do
        [] ->
          "This is paragraph 1 of #{state.num_turns}."

        paragraphs ->
          prior =
            paragraphs
            |> Enum.with_index(1)
            |> Enum.map_join("\n\n", fn {p, i} -> "Paragraph #{i}: #{p}" end)

          """
          This is paragraph #{next_turn} of #{state.num_turns}.

          Previously written:

          #{prior}

          Now write paragraph #{next_turn}. Do not repeat content.
          """
      end

    rewritten = """
    Topic: #{state.topic}

    #{context}
    """

    {:ok, rewritten, state}
  end

  @impl true
  def post_turn({:ok, _response}, _ref, %State{} = state) do
    case List.last(state.paragraphs) do
      nil ->
        {:ok, state}

      paragraph ->
        filename = "paragraph_#{state.turn}.md"

        with :ok <- File.write(Path.join(state.workspace, filename), paragraph <> "\n"),
             {:ok, _} <- git(state, ["add", filename]),
             {:ok, _} <-
               git(state, [
                 "commit",
                 "--quiet",
                 "-m",
                 "turn #{state.turn}: paragraph #{state.turn}"
               ]),
             {:ok, sha} <- git(state, ["rev-parse", "--short", "HEAD"]) do
          commit = %{turn: state.turn, sha: String.trim(sha), filename: filename}
          {:ok, %{state | commits: state.commits ++ [commit]}}
        else
          {:error, reason} -> {:ok, failed(state, reason)}
        end
    end
  end

  def post_turn({:error, _reason}, _ref, state), do: {:ok, state}

  @impl true
  def post_run(%State{} = state) do
    case state.phase do
      :finished ->
        IO.puts("\n[workspace] finished #{length(state.commits)} turns")
        IO.puts("  log:\n#{String.trim_trailing(state.commit_log)}")

      phase ->
        IO.puts("\n[workspace] #{inspect(phase)}; #{length(state.commits)} recorded commits")
    end

    IO.puts("  workspace: #{state.workspace}")
    IO.puts("  branch:    #{state.branch}")
    :ok
  end

  # ---- Core callbacks ----

  @impl true
  def handle_response(_ref, response, %State{} = state) do
    paragraph = String.trim(response.text)
    new_turn = state.turn + 1
    state = %{state | turn: new_turn, paragraphs: state.paragraphs ++ [paragraph]}

    {:prompt, "next paragraph", state}
  end

  @impl true
  def handle_error(_ref, reason, %State{} = state) do
    {:halt, failed(state, {:backend_failed, reason})}
  end

  defp failed(state, reason) do
    Logger.error("[workspace] #{inspect(reason)}")
    %{state | phase: {:failed, reason}}
  end

  # ---- Git helper ----

  defp git(state, [step | _] = args) do
    task =
      Task.async(fn ->
        try do
          System.cmd(
            "git",
            ["-c", "commit.gpgsign=false", "-c", "core.hooksPath=/dev/null" | args],
            cd: state.workspace,
            stderr_to_stdout: true,
            env: [
              {"GIT_CONFIG_GLOBAL", "/dev/null"},
              {"GIT_CONFIG_NOSYSTEM", "1"},
              {"GIT_TERMINAL_PROMPT", "0"}
            ]
          )
        rescue
          error -> {Exception.message(error), :exec_failed}
        end
      end)

    case Task.yield(task, state.git_timeout) || Task.shutdown(task, :brutal_kill) do
      {:ok, {output, 0}} -> {:ok, output}
      {:ok, {output, code}} -> {:error, {:git_failed, step, code, output}}
      nil -> {:error, {:git_failed, step, :timeout, ""}}
    end
  end
end
Using it
{:ok, _pid} = GenAgent.start_agent(Workspace.Agent,
  name: "essay",
  backend: GenAgent.Backends.Anthropic,
  topic: "why octopuses are extraordinary",
  num_turns: 3
)

# Kick off the first turn. pre_run has already created the
# workspace by the time this returns.
{:ok, _ref} = GenAgent.tell("essay", "begin")

# The agent will self-chain for 3 turns, committing each
# paragraph, then halt. post_run prints the summary.

# After halt, inspect the artifacts:
%{agent_state: %{workspace: workspace, branch: branch, commits: commits}} =
  GenAgent.status("essay")

IO.puts("workspace: #{workspace}")
IO.puts("branch: #{branch}")
Enum.each(commits, fn c -> IO.puts("  #{c.sha}  #{c.filename}") end)

GenAgent.stop("essay")
Lifecycle hook ordering
For one happy-path turn, the callbacks fire in this order:
init_agent
  -> backend.start_session (receives cwd)
  -> pre_run
    -> pre_turn   (called before each dispatch)
      -> (backend call)
        -> handle_response OR handle_error
          -> post_turn
            -> transition (idle / self-chain / halt)
              -> post_run   (on halt)
                -> terminate_agent   (on process exit)
The final response self-chains once more so pre_turn/2 can check
the commit log and halt without another backend call. A failed add,
commit, or SHA lookup records a failure in post_turn/3; the next
pre_turn/2 halts with that failure. A failed SHA lookup may occur
after a successful commit; the recorded commit list is then incomplete.
post_run/1 prints the already checked log only for :finished.
post_run fires on a clean halt, including a halt with a failed phase.
Gate publishing or other completion actions on phase == :finished.
terminate_agent/2 runs when an initialized server terminates through
its termination callback, including stop and ordinary crashes. It does
not run after failed initialization or backend startup, or on an
untrappable kill/VM exit. Setup cleans up its own partial directory.
Keep successful workspaces for inspection and remove them when done;
production systems also need orphan cleanup outside the agent.
Setup and cleanup callbacks block the agent process. Configure
shutdown: above their bounded worst-case duration when starting the
agent; the default is 5 seconds, after which stop/1 kills a still
blocked agent without running its termination callbacks. Avoid
:infinity unless an indefinitely blocked supervisor is acceptable.
This POSIX example requires Git 2.32+ for GIT_CONFIG_GLOBAL. It ignores
global/system configuration, disables signing and hooks, and uses an
empty template. Each command has a configurable :git_timeout in
milliseconds (default 5,000). The task deadline bounds the agent's wait;
it does not guarantee termination of the OS process or its descendants.
Use a process supervisor with process-group termination when that
guarantee is required.
The default ID uses random bytes, independent of VM restarts. Optional
IDs must be lowercase ASCII letters/digits/hyphens, start with a letter
or digit, and be at most 63 characters. :workspace_root is a trusted
application setting. Exclusive directory creation rejects even a
pre-existing empty directory; it never opens or deletes an old repository.
init_agent/1 rejects bad IDs before filesystem access. Currently
start_agent/2 reports this as
{:error, {:backend_start_failed, {:invalid_session_id, id}}}.
Setup runs asynchronously after startup: a pre_run/1 error stops
the process with {:pre_run_failed, reason}, not a startup error tuple.
Callers should monitor the agent (accounting for it exiting before the
monitor is installed) or use supervisor/telemetry reporting, and handle
a failed tell/2 if setup failed. Git setup errors include the command,
exit code or :timeout, and output; partial directories are removed.
Variations
	Real worktrees. For production use, use git worktree add
instead of git init. The workspace shares the object store
with the source repo, so the agent branch can be pushed to a
remote and turned into a PR. Implement creation and removal
against your source repository as application-specific helpers.
	Tool-use agent. Swap the backend to gen_agent_claude
using the cwd already returned by init_agent/1. The path is
computed before backend session startup and created in pre_run/1.
This requires a backend that defers directory access until prompts.
The agent gains file access via Claude's Read/Glob/Grep/Bash
tools. post_turn
then commits whatever the LLM actually wrote rather than
materializing text from the response.
	Per-turn markdown artifacts as review input. Pair this
with Checkpointer: return {:noreply, state}
with phase: :awaiting_review to remain idle after each turn,
and let the manager inspect the committed markdown, then
approve/revise. The commits are your review
history.
	Create a PR on post_run. After the last commit, use the
GitHub API (or gh pr create) to open a PR from the agent's
branch. Put that logic in post_run/1 so it only runs on
a verified :finished phase after clean completion.
	Cleanup on terminate_agent. Symmetric with the above:
implement terminate_agent/2 to remove owned workspaces on
ordinary interrupted runs. Track ownership only after successful
setup, so a rejected existing directory is never removed. Keep
finished workspaces for inspection and arrange external orphan
cleanup for exits that bypass the callback.
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A behaviour and supervision framework for long-running LLM agent processes,
modeled as OTP state machines.
Each agent is a :gen_statem process wrapping a persistent LLM session.
Every interaction is a prompt-response turn, and the implementation decides
what happens between turns.
It is a GenServer but every call is a prompt.

GenAgent handles the mechanics of turns. Implementations handle the
semantics of turns.
Public client functions address agents by their registered :name. The pid
returned by start_agent/2 is for monitoring and supervision, not a client
address. Synchronous calls return {:error, :not_found} when that name is
absent at lookup. A concurrent stop or agent death after lookup can still
exit the call, and a caller-supplied timeout exits on expiry. Casts are best
effort and return :ok even when no agent is registered.
Installation
def deps do
  [
    {:gen_agent, "~> 0.7.0"}, # x-release-please-version
    # Plus at least one backend:
    {:gen_agent_claude, "~> 0.2.0"},
    {:gen_agent_codex, "~> 0.4.0"},
    {:gen_agent_anthropic, "~> 0.3.0"},
    {:gen_agent_openai, "~> 0.3.0"}
  ]
end
Quick start
defmodule MyApp.Coder do
  use GenAgent

  defmodule State do
    defstruct [:path, responses: []]
  end

  @impl true
  def init_agent(opts) do
    path = Keyword.fetch!(opts, :cwd)

    backend_opts = [
      cwd: path,
      system_prompt: "You are a coding assistant."
    ]

    {:ok, backend_opts, %State{path: path}}
  end

  @impl true
  def handle_response(_ref, response, state) do
    {:noreply, %{state | responses: state.responses ++ [response.text]}}
  end
end

# Start the agent under the GenAgent supervision tree.
{:ok, _pid} = GenAgent.start_agent(MyApp.Coder,
  name: "my-coder",
  backend: GenAgent.Backends.Claude,
  cwd: "/path/to/project"
)

# Synchronous prompt.
{:ok, response} = GenAgent.ask("my-coder", "What does lib/foo.ex do?")
IO.puts(response.text)

# Async prompt.
{:ok, ref} = GenAgent.tell("my-coder", "Add tests for lib/foo.ex")
GenAgent.poll("my-coder", ref)
#=> {:ok, :pending} while the turn runs, then {:ok, :completed, response}

# Or have the outcome sent to you as a message.
{:ok, ref} = GenAgent.tell_with_completion("my-coder", "Run the tests")

receive do
  {:gen_agent, :completion, "my-coder", ^ref, {:ok, response}} -> IO.puts(response.text)
  {:gen_agent, :completion, "my-coder", ^ref, {:error, reason}} -> IO.inspect(reason)
end

# External event.
GenAgent.notify("my-coder", {:ci_failed, "test_auth"})

GenAgent.stop("my-coder")
State model
An agent is a state machine with two states:
idle --- ask/tell/notify ---> processing
                                  |
                                  v
idle <--- handle_response --- processing (turn done)
Self-chaining: handle_response/3 can return {:prompt, text, state}
to immediately dispatch another turn without a caller, useful for
multi-step work that the agent drives itself.
Halting: handle_response/3, handle_error/3, handle_event/2,
or pre_turn/2 can return {:halt, state} to go idle but freeze the
mailbox. A halted agent ignores queued prompts until resume/1 is called.
Backends
Backends implement GenAgent.Backend and translate the LLM-specific wire
protocol into the normalized GenAgent.Event stream the state machine
consumes. Available backends (in sibling packages):
	GenAgent.Backends.Claude (package: gen_agent_claude) --
wraps the Anthropic claude CLI via ClaudeWrapper.
	GenAgent.Backends.Codex (package: gen_agent_codex) --
wraps the OpenAI codex CLI via CodexWrapper.
	GenAgent.Backends.Anthropic (package: gen_agent_anthropic) --
calls the Anthropic HTTP API via Req.
	GenAgent.Backends.OpenAI (package: gen_agent_openai) --
calls the OpenAI Responses API via Req.

A backend owns its session lifecycle, translates events, and carries any
state it needs (session id, message history) in an opaque session term.
Callbacks
	init_agent/1 -- set up backend options and initial agent state.
	handle_response/3 -- a turn completed, decide what to do next.
	handle_error/3 (optional) -- a turn failed, decide what to do next.
	handle_event/2 (optional) -- an external event arrived via notify/2.
	handle_stream_event/2 (optional) -- a backend event arrived mid-turn.
Runs inside the prompt task, not the agent process.
	terminate_agent/2 (optional) -- the agent is shutting down.

Lifecycle hooks (all optional):
	pre_run/1 -- one-time setup after init_agent, before the first turn.
	pre_turn/2 -- before each dispatch. Can rewrite the prompt, skip, or halt.
	post_turn/3 -- after each turn, post-decision. For state-mutating side effects.
	post_run/1 -- on clean {:halt, state} from a decision callback or
pre_turn/2. For completion side effects.

The use GenAgent macro provides default implementations of the optional
callbacks and lifecycle hooks.
Where callbacks run
	Callback or step	Runs in
	init_agent/1, pre_run/1, pre_turn/2	agent process
	handle_response/3, handle_error/3, handle_event/2	agent process
	post_turn/3, post_run/1, terminate_agent/2	agent process
	handle_stream_event/2	prompt task
	Backend prompt/2,3, its event stream, update_session/2	prompt task
	Backend start_session/1, terminate_session/1, checkpoint_session/2	agent process

Anything that runs in the agent process blocks the agent from handling
other messages while it runs. Synchronous calls such as status/2,
poll/3, tell/3, runtime_snapshot/2 and notify_ack/3 are handled
by that process, so they wait until the callback returns. Their default
timeout is :infinity, so a caller waits as long as the callback takes
unless it passes a shorter timeout. Asynchronous casts such as
notify/2 return immediately (the event is handled after the callback),
and whereis/1 reads the registry without messaging the agent. Work in
the prompt task does not block the agent process, with one exception: a
backend's prompt/3 can request a session checkpoint through the
:checkpoint function in its options. That call is synchronous, so the
prompt task waits while the agent process runs checkpoint_session/2,
and synchronous agent calls wait for it too. The agent also runs
checkpoint_session/2 when restoring a stored checkpoint after a prompt
task returns a success or error. If the task crashes, the agent keeps the
earlier checkpoint without invoking the callback again.
Process lifecycle
Agents use restart: :temporary. A crashed or stopped agent must be
started explicitly; GenAgent does not restore its previous state.
Each turn runs in a supervised prompt task. Task failures are delivered
to handle_error/3 without taking down the agent. When the agent exits,
its active prompt task is stopped, including when an abrupt exit bypasses
termination callbacks.
Stopping the BEAM task does not establish that a provider's subprocess
or remote request has stopped. The backend and its transport own external
cancellation and resource cleanup.
Public API
	start_agent/2 -- start an agent under the supervision tree.
	child_spec/2 -- build a child spec for caller-owned supervision.
	ask/3 -- synchronous prompt, blocks until the turn finishes.
	tell/3 -- async prompt, returns a ref for poll/3.
	tell_with_completion/4 -- async prompt with request-scoped completion delivery;
tell_with_completion/5 adds stream_to: for ref-tagged stream events.
	poll/3 -- check on a previously-issued tell/3.
	notify/2 -- push an external event into handle_event/2.
	notify_ack/3 -- acknowledge in-memory notification admission.
	interrupt/1 -- cancel an in-flight turn.
	interrupt_request/3 -- acknowledge cancellation for a matching request ref.
	cancel_request/3 -- remove a queued tell by its request ref.
	resume/1 -- unhalt an agent and drain its mailbox.
	status/2 -- read the agent's current state.
	runtime_snapshot/2 -- read bounded runtime metadata.
	stop/1 -- terminate the agent.
	stop/2 -- terminate an agent under its caller-owned supervisor.
	whereis/1 -- look up an agent's pid.

Data types
	GenAgent.Event -- a normalized event emitted by a backend during a turn.
	GenAgent.Response -- the result of a completed turn delivered to
handle_response/3.

Telemetry
GenAgent emits telemetry events for observability:
	[:gen_agent, :turn, :start | :stop | :error | :rejected]

	[:gen_agent, :prompt, :start | :stop | :error]

	[:gen_agent, :event, :received]
	[:gen_agent, :state, :changed]
	[:gen_agent, :mailbox, :queued]
	[:gen_agent, :input, :rejected]
	[:gen_agent, :halted]

Use the content-free turn events for metrics. The older prompt and
event telemetry can include prompts, raw errors, and agent state.
See GenAgent.Telemetry for measurements, units, correlation, and
ordering.
What GenAgent does not do
	It does not prescribe agent behavior (no retry logic, no summary format).
	It does not prescribe inter-agent communication (agents can
notify/2 each other but the message format is up to you).
	It does not manage persistence across restarts.
	It does not manage cost tracking or budgets.

See GenAgent.Backend for the backend behaviour, GenAgent.Event and
GenAgent.Response for the data types delivered to callbacks.
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        Return value of callbacks that may request a follow-up action.
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        Name under which an agent is registered in GenAgent.Registry.



    


    
      
        pre_turn_return()

      


        Return value of pre_turn/2. The hook can pass the prompt through
(optionally rewritten), skip the turn, or halt the agent.



    


    
      
        request_ref()

      


        Reference returned for tell/2 requests.



    


    
      
        runtime_snapshot()

      


        Bounded, metadata-only observation of one agent's runtime state.
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        handle_error(request_ref, reason, agent_state)

      


        A prompt->response turn failed. Optional. Decide what to do next.



    


    
      
        handle_event(event, agent_state)

      


        An external event arrived via notify/2. Optional.
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        A prompt->response turn completed successfully. Decide what to do next.
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        A streaming event arrived mid-turn. Optional.
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        Initialize the agent. Return backend options and the initial agent state.
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        Push an external event into the agent.
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        status(name, timeout \\ :infinity)
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          @type agent_state() :: term()


      


Opaque term owned by the implementation module, carried across callbacks.
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          @type callback_return() ::
  {:noreply, agent_state()}
  | {:prompt, String.t(), agent_state()}
  | {:halt, agent_state()}


      


Return value of callbacks that may request a follow-up action.
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          @type name() :: term()


      


Name under which an agent is registered in GenAgent.Registry.
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          @type pre_turn_return() ::
  {:ok, prompt :: String.t(), agent_state()}
  | {:skip, agent_state()}
  | {:halt, agent_state()}


      


Return value of pre_turn/2. The hook can pass the prompt through
(optionally rewritten), skip the turn, or halt the agent.
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          @type request_ref() :: reference()


      


Reference returned for tell/2 requests.

  



  
    
      
    
    
      runtime_snapshot()



        
          
        

    

  


  

      

          @type runtime_snapshot() :: %{
  phase: :idle | :processing,
  halted: boolean(),
  pending_prompts: non_neg_integer(),
  pending_notifications: non_neg_integer(),
  self_chain_pending: boolean(),
  current_request:
    nil
    | %{
        ref: request_ref(),
        origin: :ask | :tell | :event | :self_chain,
        elapsed_ms: non_neg_integer(),
        watchdog_ms: non_neg_integer() | :infinity
      }
}


      


Bounded, metadata-only observation of one agent's runtime state.
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      handle_error(request_ref, reason, agent_state)


        (optional)


        
          
        

    

  


  

      

          @callback handle_error(request_ref :: reference(), reason :: term(), agent_state()) ::
  callback_return()


      


A prompt->response turn failed. Optional. Decide what to do next.
Called when the turn could not complete successfully. Covers:
	The backend returned a synchronous {:error, reason} from GenAgent.Backend.prompt/2.
	The event stream ended without a terminal :result or :error event.
	The backend's event stream emitted a terminal :error event.
	The prompt task crashed (delivered as {:task_crashed, reason}).
	The configured task supervisor was unavailable before the turn started
(:task_supervisor_unavailable). An immediate retry returned here is
discarded to avoid a loop; a later request may retry after recovery.
	The watchdog fired (:timeout).
	The in-flight request was interrupted by interrupt/1 (:interrupted).

Returns the same value shape as handle_response/3, so the callback
can go idle, self-chain a follow-up prompt (useful for retry), or halt
the agent. The default implementation provided by use GenAgent is
{:noreply, state}. Exceptions and malformed returns are logged and
treated as {:noreply, previous_state} so the original turn error still
reaches its caller.

  



  
    
      
    
    
      handle_event(event, agent_state)


        (optional)


        
          
        

    

  


  

      

          @callback handle_event(event :: term(), agent_state()) :: callback_return()


      


An external event arrived via notify/2. Optional.
Exceptions and malformed returns are logged and treated as
{:noreply, previous_state}, including when the notification was buffered
during a turn.

  



  
    
      
    
    
      handle_response(request_ref, response, agent_state)



        
          
        

    

  


  

      

          @callback handle_response(
  request_ref :: reference(),
  response :: GenAgent.Response.t(),
  agent_state()
) ::
  callback_return()


      


A prompt->response turn completed successfully. Decide what to do next.
An exception or malformed return stops the agent. Use one of the three
callback_return/0 shapes; in particular, a follow-up prompt must be a
binary.

  



  
    
      
    
    
      handle_stream_event(t, agent_state)


        (optional)


        
          
        

    

  


  

      

          @callback handle_stream_event(GenAgent.Event.t(), agent_state()) :: agent_state()


      


A streaming event arrived mid-turn. Optional.
Runs inside the task that is driving the prompt, not the agent process.
Returns the updated agent state, which is threaded through subsequent
stream events. On normal stream completion, including a terminal
:error event or EOF without a terminal event, the final state is
passed to handle_response/3 or handle_error/3 and then
post_turn/3. A task crash, interruption, or watchdog kill cannot
recover task-local callback state; those paths use the agent state
from before stream consumption. Callback state is volatile and is not
a durable record of provider activity.
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          @callback init_agent(opts :: keyword()) ::
  {:ok, backend_opts :: keyword(), agent_state()} | {:error, reason :: term()}


      


Initialize the agent. Return backend options and the initial agent state.
opts is the keyword list passed to start_agent/2 minus the reserved
keys consumed by GenAgent itself (:name, :backend, etc.).

  



  
    
      
    
    
      post_run(agent_state)


        (optional)


        
          
        

    

  


  

      

          @callback post_run(agent_state()) :: :ok


      


Clean-completion hook. Optional.
Fires when handle_response/3, handle_error/3,
handle_event/2, or pre_turn/2 returns
{:halt, state}. Runs before the [:gen_agent, :halted] telemetry
event is emitted.
On turn completion, post_turn/3 runs first, then notifications
buffered during the turn are applied in order, then this hook and
halted telemetry receive the resulting state. A buffered notification
that halts does not skip later buffered notifications or finalize
completion partway through the batch. No further prompt is dispatched
during this drain.
Notifications arriving after completion may still update a halted
agent's state. They do not retroactively change this completion
snapshot or rerun the hook.
Runs once per transition to halted. Further halt decisions while the
agent is already halted do not rerun the hook. After resume/1, a new
halt transition runs it again.
Does NOT fire on crashes, stop/1, supervisor shutdown, or any
abnormal exit -- terminate_agent/2 covers those paths.
Use cases: create a PR, post a completion summary, mark a task done
in an external tracker. The semantic distinction from
terminate_agent/2 is "completion" vs "termination."
Crashes are caught: a warning is logged and the halt transition
still completes normally. A failing last-chance hook does not keep a
dead agent alive.
Default implementation: :ok.

  



  
    
      
    
    
      post_turn(outcome, request_ref, agent_state)


        (optional)


        
          
        

    

  


  

      

          @callback post_turn(
  outcome :: {:ok, GenAgent.Response.t()} | {:error, reason :: term()},
  request_ref :: reference(),
  agent_state()
) :: {:ok, agent_state()}


      


Per-turn post-dispatch hook. Optional.
Fires after each turn, AFTER handle_response/3 or
handle_error/3 has returned its decision. The hook sees the
post-decision state. Runs regardless of which decision callback ran
or what it returned.
The outcome is {:ok, response} for a successful turn or
{:error, reason} for a failed one -- the same data delivered to
the decision callbacks. The hook cannot override the decision
callback's transition ({:noreply, ...}, {:prompt, ...},
{:halt, ...}); it only updates state.
Use cases: commit-per-turn (stateful side effect), persist a turn
record, update a per-turn metric that needs to live on agent state.
For pure observation, prefer telemetry handlers on
[:gen_agent, :prompt, :stop].
Crashes or malformed returns are logged and the server continues
with the transition the decision callback chose. The turn is not
unwound.
Default implementation: {:ok, state}.

  



  
    
      
    
    
      pre_run(agent_state)


        (optional)


        
          
        

    

  


  

      

          @callback pre_run(agent_state()) :: {:ok, agent_state()} | {:error, reason :: term()}


      


One-time setup hook, fires after init_agent/1 and before the
first turn. Optional.
Runs in the agent process, so it blocks the first turn until it
returns -- but does NOT block start_agent/2 from returning to the
caller. Every synchronous call to the agent (status/2, poll/3,
tell/3, runtime_snapshot/2, and so on) waits until the hook
returns, and their default timeout is :infinity. notify/2 and
whereis/1 do not wait. This is the right home for slow async setup that would
otherwise freeze the starter: cloning a repo, creating a worktree,
spinning up a sandbox, fetching secrets.
Return {:ok, state} to continue, or {:error, reason} to halt the
agent before any turn runs. On error, terminate_agent/2 is called
with {:pre_run_failed, reason}.
Crashes are wrapped: the agent halts with
{:pre_run_crashed, exception} and terminate_agent/2 is called
with that reason. A malformed return stops the agent with
:pre_run_invalid.
Default implementation: {:ok, state}.

  



  
    
      
    
    
      pre_turn(prompt, agent_state)


        (optional)


        
          
        

    

  


  

      

          @callback pre_turn(prompt :: String.t(), agent_state()) :: pre_turn_return()


      


Per-turn pre-dispatch hook. Optional.
Fires before each prompt is dispatched to the backend, inside the
agent process. Can observe, mutate state, rewrite the prompt (for
augmentation or templating), skip the turn with :skip, or halt the
agent entirely with :halt.
Use cases: prompt templating (inject context) and gating (halt if an
external signal says stop). For rate limiting, use a timer and a
handle_event/2 callback to start work later, as in the Retry guide.
The hook runs synchronously in the agent process before the prompt task
is started. While it runs, synchronous calls to the agent (status/2,
poll/3, tell/3, runtime_snapshot/2, and so on) wait, with a
default timeout of :infinity. Sleeping here therefore delays those
calls on every dispatch and may prevent orderly shutdown before the
child spec's :shutdown timeout. notify/2 and whereis/1 do not wait.
When the prompt is rewritten, [:gen_agent, :prompt, :start]
telemetry carries both the original and rewritten prompt plus a
rewritten: true flag so the transformation is traceable.
Crashes are caught: an external ask or tell is skipped with
:pre_turn_skipped and the agent returns to :idle. For prompts generated
by handle_response/3 or handle_event/2, a skip, crash, or malformed
return emits prompt-error telemetry and calls handle_error/3 so the
agent can retry or halt. Crashes use {:pre_turn_crashed, exception_kind}
on that generated-prompt path. Immediate generated-prompt retries are
paced so agent calls remain responsive even if the hook keeps rejecting.
Default implementation: {:ok, prompt, state}.

  



  
    
      
    
    
      terminate_agent(reason, agent_state)


        (optional)


        
          
        

    

  


  

      

          @callback terminate_agent(reason :: term(), agent_state()) :: term()


      


The agent is shutting down. Optional. Clean up resources.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      ask(name, prompt, timeout \\ :infinity)



        
          
        

    

  


  

      

          @spec ask(name(), String.t(), timeout()) ::
  {:ok, GenAgent.Response.t()} | {:error, term()}


      


Send a synchronous prompt to an agent.
Blocks until the turn completes and returns {:ok, response} or
{:error, reason}. If the agent is currently processing another
prompt, the caller is queued transparently and unblocks when its
queued turn finishes.
If admission to the pending prompt queue fails, returns
{:error, {:overloaded, info}} immediately; no turn is accepted.
info includes the queue, count or byte limit reached, current count
and bytes, incoming bytes, and configured maxima.
An orderly agent stop replies to an active or queued ask with
{:error, {:agent_terminated, reason}}. A call the agent has not yet
handled, an abrupt agent death, or a forced kill can still exit the
caller; catch :exit if the caller must survive those cases.
The default timeout is :infinity. The agent's own watchdog is the
primary timeout mechanism -- callers generally should not need to set
their own. Supplying a shorter timeout here will exit on expiry
without affecting the agent. A queued ask is dropped if its calling
process dies. If that ask is already active, it keeps running. A live
caller's timeout leaves its ask queued or running. For cancellable queued
work, use tell/3 or tell_with_completion/4 and cancel_request/3.
Returns {:error, :not_found} if the agent name is not registered.

  



    

  
    
      
    
    
      cancel_request(name, ref, timeout \\ :infinity)



        
          
        

    

  


  

      

          @spec cancel_request(name(), request_ref(), timeout()) ::
  {:ok, :cancelled} | {:error, :current | :already_finished | :not_found}


      


Cancel a queued tell/3 or tell_with_completion/4 request by exact ref.
Returns {:ok, :cancelled} when the queued request is removed, or when
its cancellation result is still cached. The cancellation releases its
queue count and bytes immediately. poll/3 then returns
{:error, :cancelled}. A completion recipient receives exactly one
{:gen_agent, :completion, name, ref, {:error, :cancelled}} message.
Returns {:error, :current} for an active tell turn; use
interrupt_request/3 to interrupt it. Returns
{:error, :already_finished} for a cached terminal result other than
cancellation. Returns {:error, :not_found} for an unknown ref, a
pruned result, or an internal ask or event ref. Cancellation results
count toward the bounded max_tell_results cache. Once pruned, a
cancelled ref also returns {:error, :not_found}.
A queued turn has not started, so cancellation does not call
handle_response/3, handle_error/3, or post_turn/3. The agent
processes cancellation and dispatch in order: if dispatch happened
first, this returns {:error, :current} and leaves the turn alone.
The default call timeout is :infinity.
Returns {:error, :not_found} if the agent name is not registered.

  



  
    
      
    
    
      child_spec(module, opts)



        
          
        

    

  


  

      

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


      


Build a temporary agent child spec for a caller-owned supervisor.
Requires :name, :backend, and :task_supervisor. The selected
Task.Supervisor must already be running; prompt tasks never fall back
to GenAgent.TaskSupervisor. Other options have the same meaning as in
start_agent/2.
Start the spec with DynamicSupervisor.start_child/2. The agent is
registered in GenAgent.Registry, so the regular name-based APIs work.
Names must be unique across both caller-owned and global agents. Use
stop/2 with the owning supervisor to stop an individual agent.
Put the task supervisor before the agent supervisor in the caller's
supervision tree so agents shut down before their prompt-task supervisor.
Use :rest_for_one if loss of the task supervisor should also stop the
agents. See the README for an example.

  



  
    
      
    
    
      interrupt(name)



        
          
        

    

  


  

      

          @spec interrupt(name()) :: :ok


      


Interrupt an in-flight turn.
Kills the prompt task and delivers {:error, :interrupted} to the
waiting caller (if any). No-op if the agent is idle.
Asynchronous. Returns :ok immediately.

  



    

  
    
      
    
    
      interrupt_request(name, ref, timeout \\ :infinity)



        
          
        

    

  


  

      

          @spec interrupt_request(name(), request_ref(), timeout()) ::
  {:ok, :accepted} | {:error, :not_current | :idle | :not_found}


      


Interrupt the active turn only if its request reference matches ref.
Returns {:ok, :accepted} when the agent has cancelled that turn,
{:error, :not_current} when another turn is active, or
{:error, :idle} when no turn is active. A queued request is not
interruptible through this API; use cancel_request/3 for a queued tell.
Unlike interrupt/1, this operation
is acknowledged by the agent and cannot cancel a successor turn after
the observed request finishes. It is also safe against a replacement
agent registered under the same name, because request references are
unique.
The acknowledgement describes the agent's decision and BEAM task
cancellation. It does not establish provider or OS process settlement.
The default call timeout is :infinity.
Returns {:error, :not_found} if the agent name is not registered.

  



  
    
      
    
    
      list()



        
          
        

    

  


  

      

          @spec list() :: [name()]


      


Return an unordered list of registered agent names.
This is a point-in-time view of GenAgent.Registry; agents running without
registration are excluded. Returned agents are not guaranteed to remain
alive, and registry cleanup may briefly lag agent termination.

  



  
    
      
    
    
      notify(name, event)



        
          
        

    

  


  

      

          @spec notify(name(), term()) :: :ok


      


Push an external event into the agent.
The event is delivered to handle_event/2. If the callback
returns {:prompt, text, state} the prompt is dispatched (or
queued, if the agent is busy).
Asynchronous. Returns :ok immediately, including when the agent later
rejects the event because its pending queue is full. Rejections emit
[:gen_agent, :input, :rejected] telemetry. Use notify_ack/3 when the
sender needs an in-memory admission result.

  



    

  
    
      
    
    
      notify_ack(name, event, timeout \\ :infinity)



        
          
        

    

  


  

      

          @spec notify_ack(name(), term(), timeout()) :: :ok | {:error, term()}


      


Send an event and wait for the agent to acknowledge admission.
Returns :ok when the event was handled immediately or retained for
delivery after the current turn. Returns {:error, {:overloaded, info}}
when the pending notification queue cannot hold it, or an event
handled while halted generates a prompt that cannot be queued. This
acknowledges in-memory handling or retention, not durable delivery or
a guarantee that a callback-generated prompt will run. A deferred
callback-generated prompt can be rejected later if the prompt queue is
full; the agent's handle_error/3 receives that overload. The legacy
notify/2 remains a best-effort asynchronous cast and always returns
:ok.
Returns {:error, :not_found} if the agent name is not registered.

  



    

  
    
      
    
    
      poll(name, ref, timeout \\ :infinity)



        
          
        

    

  


  

      

          @spec poll(name(), request_ref(), timeout()) ::
  {:ok, :pending} | {:ok, :completed, GenAgent.Response.t()} | {:error, term()}


      


Check the status of a previously-issued tell/2 request.
Returns:
	{:ok, :pending} if the request is queued or in-flight.
	{:ok, :completed, response} if the turn finished successfully.
	{:error, reason} if the turn failed, including {:error, :cancelled}
for a cancelled queued request.
	{:error, :not_found} if the ref is unknown (never issued, or
pruned from the bounded result cache).

Only refs returned from tell/2 are pollable. Refs from ask/2 are
internal and reply directly to the caller.
Returns {:error, :not_found} if the agent name is not registered.

  



  
    
      
    
    
      resume(name)



        
          
        

    

  


  

      

          @spec resume(name()) :: :ok


      


Resume a halted agent.
Clears the halted flag and re-drains the mailbox. No-op if the
agent is not halted.
Asynchronous. Returns :ok immediately.

  



    

  
    
      
    
    
      runtime_snapshot(name, timeout \\ :infinity)



        
          
        

    

  


  

      

          @spec runtime_snapshot(name(), timeout()) :: runtime_snapshot() | {:error, :not_found}


      


Read a bounded, metadata-only runtime snapshot of an agent.
pending_prompts counts the prompt mailbox; pending_notifications
counts notifications buffered during a turn; self_chain_pending
reports a separately held callback-generated follow-up prompt.
current_request is nil when idle and otherwise contains the
volatile request ref, its origin (:event and :self_chain are
callback-origin turns), elapsed monotonic milliseconds since dispatch,
and the configured watchdog duration. It excludes prompts, caller
identities, callback state, backend sessions, events, and queued
payloads. Elapsed time is an observation, not an exact countdown to
the watchdog firing.
The snapshot is a point-in-time view of this BEAM coordinator, not
durable application state, admission authority, or proof that external
provider work has settled. The default call timeout is :infinity.
Returns {:error, :not_found} if the agent name is not registered.

  



  
    
      
    
    
      start_agent(module, opts)



        
          
        

    

  


  

      

          @spec start_agent(module(), keyword()) :: DynamicSupervisor.on_start_child()


      


Start an agent under the GenAgent supervision tree.
module is the implementation module (the one that use GenAgent).
opts must include:
	:name -- the name the agent will register under in GenAgent.Registry.
	:backend -- the backend module implementing GenAgent.Backend.

Event evidence is bounded by :max_events_per_turn (default 1_000)
and :max_event_bytes_per_turn (default 1_048_576), measured as the
sum of :erlang.external_size/1 for retained GenAgent.Event values.
Both limits must be positive integers. With the default
event_retention: :compact, an oversized turn succeeds with a bounded
prefix in Response.events and Response.event_coverage reports omissions.
All normalized events still reach handle_stream_event/2, and the
terminal result, full response text, and usage remain available separately.
Use event_retention: :lossless to require a complete event list; an event
that exceeds either limit then fails the turn with
{:event_capture_overflow, diagnostics} before entering the callback.
Pending prompt and deferred notification queues have independent count
and payload-byte limits: :max_pending_prompts and
:max_pending_notifications (both default 1_000), and
:max_pending_prompt_bytes and :max_pending_notification_bytes
(both default 1_048_576). Limits are non-negative integers; zero
disables that pending queue. Bytes are the sum of
:erlang.external_size/1 of each queued prompt or notification payload,
not the entire process memory. The active prompt and notifications
handled immediately while idle are not pending. Self-chaining has one
reserved slot outside the prompt count limit, but its payload must fit
:max_pending_prompt_bytes.
:watchdog_ms is the per-turn deadline in milliseconds (default
600_000). It must be a positive integer or :infinity, which disables
the watchdog. :max_tell_results is the number of completed tell/2
results kept for poll/2 (default 100). It must be a non-negative
integer; the oldest results are evicted first and zero retains none.
:shutdown is the supervisor's graceful shutdown timeout in milliseconds
(default 5_000), or :infinity. A callback still running when this
timeout expires is killed and termination callbacks cannot run. Choose a
value longer than any bounded callback or cleanup operation; :infinity
can block the owning supervisor indefinitely. An explicit nil uses the
default.
Invalid values for the watchdog and the capture and pending limits make
start_agent/2 return {:error, {:init_failed, :error, ArgumentError}}.
An invalid :shutdown raises ArgumentError while building the child spec.
A missing :name or :backend raises KeyError in the caller.
An explicit nil for a limit is treated as unset and uses the default.
The reserved keys :name, :backend, :watchdog_ms, :shutdown,
:max_tell_results, :max_events_per_turn,
:max_event_bytes_per_turn, :event_retention, :max_pending_prompts,
:max_pending_prompt_bytes, :max_pending_notifications, and
:max_pending_notification_bytes are consumed and not forwarded. Any
other option, including :task_supervisor, is forwarded to
init_agent/1. start_agent/2 always uses GenAgent.TaskSupervisor;
use child_spec/2 to select a different task supervisor.
The child uses restart: :temporary. If it exits, call start_agent/2
explicitly to create another agent; its previous state is not restored.
An agent also exits if its Registry partition is lost, so it cannot remain
alive but unreachable by name after a Registry restart.
The returned pid is for monitoring or supervision. Pass the registered
:name to the public client functions, including stop/1.

  



    

  
    
      
    
    
      status(name, timeout \\ :infinity)



        
          
        

    

  


  

      

          @spec status(name(), timeout()) ::
  %{
    state: :idle | :processing,
    name: term(),
    queued: non_neg_integer(),
    current_request: request_ref() | nil,
    halted: boolean(),
    agent_state: term()
  }
  | {:error, :not_found}


      


Read an agent's current status.
This compatibility API includes the full callback-maintained
agent_state. While a turn is processing, that value is the server's
latest retained state, not a live read of state inside the prompt task.
Use runtime_snapshot/2 for a bounded metadata-only view.
Returns {:error, :not_found} if the agent name is not registered.

  



    

  
    
      
    
    
      stop(name, supervisor \\ GenAgent.AgentSupervisor)



        
          
        

    

  


  

      

          @spec stop(name(), GenServer.server()) :: :ok | {:error, :not_found}


      


Stop an agent.
Terminates the agent process via its owning DynamicSupervisor.
Pass the supervisor as the second argument for an agent started with
child_spec/2; the default is GenAgent.AgentSupervisor.
Active and queued ask/3 callers receive an :agent_terminated error
when the agent processes the orderly shutdown. Accepted
tell_with_completion/4 requests do not receive a synthetic completion;
recipients should monitor the agent to detect that uncertainty.
A callback runs inside the agent process and can delay shutdown. If it
exceeds the child spec's :shutdown timeout (default 5_000 ms), the
supervisor kills the agent and terminate_agent/2 and backend
terminate_session/1 cannot run. Configure :shutdown when starting an
agent whose callbacks or cleanup can take longer. A blocked callback can
also delay unrelated operations on the same DynamicSupervisor during
stop/2.
Returns :ok or {:error, :not_found}.

  



    

  
    
      
    
    
      tell(name, prompt, timeout \\ :infinity)



        
          
        

    

  


  

      

          @spec tell(name(), String.t(), timeout()) :: {:ok, request_ref()} | {:error, term()}


      


Send an asynchronous prompt to an agent.
Returns {:ok, ref} when the agent accepts the prompt. A pre_turn/2
callback runs before acceptance for an idle agent, so this call waits for
that callback even though it does not wait for the backend result. Use
poll/2 to check on the result. The same queueing semantics as ask/2
apply. When a pending queue limit is reached, returns
{:error, {:overloaded, info}} without
an accepted ref.
Returns {:error, :not_found} if the agent name is not registered.

  



    

    

  
    
      
    
    
      tell_with_completion(name, prompt, recipient \\ self(), timeout \\ :infinity)



        
          
        

    

  


  

      

          @spec tell_with_completion(name(), String.t(), pid(), timeout()) ::
  {:ok, request_ref()} | {:error, term()}


      


Submit an asynchronous prompt and opt into one completion message.
recipient is a pid (defaults to the calling process). On an accepted
request this returns {:ok, ref} and sends the recipient
{:gen_agent, :completion, name, ref, {:ok, response}} or
{:gen_agent, :completion, name, ref, {:error, reason}} when the logical
request finishes. The recipient is registered within the same agent call
that accepts the request, so even an immediate pre_turn/2 skip or fast
backend response can be delivered before this function returns. Match on
the returned ref to correlate the message.
Admission failure returns {:error, {:overloaded, info}} with no ref or
completion message. Accepted queued requests deliver after their turn
completes, unless cancelled with cancel_request/3. A cancelled queued
request delivers {:gen_agent, :completion, name, ref, {:error, :cancelled}}
without running turn lifecycle callbacks. pre_turn/2 skip, halt and
invalid results deliver their corresponding error without starting a
turn. Successful and failed turns deliver after their decision and
post_turn/3 callbacks. An interrupt, watchdog timeout or backend
failure delivers an error. A crashing handle_response/3 callback stops
the agent before completion; monitor the agent when its death matters.
Delivery is a single BEAM message sent at most once per accepted request.
It is independent of the bounded poll/3 result cache. A dead recipient
does not receive the message, and any agent exit, including an orderly
stop, can leave accepted requests without a completion message; a monitor
reports that uncertainty.
This does not prove that an external provider process has settled.
The request ref remains suitable for interrupt_request/3 while active
or cancel_request/3 while queued. A new agent under the same name never
reuses it.
The five-argument form accepts on_halt: :fail. It rejects a new request
with {:error, :halted} when the agent is already halted, and completes
an opted-in queued request with {:error, :halted} if the agent halts
before dispatch. The default preserves the ordinary queue-until-resume
behavior. This is useful for callers, such as ensembles, that cannot
resume a halted agent themselves.
The five-argument form also accepts stream_to: pid. The process
receives {:gen_agent, :event, name, ref, %GenAgent.Event{}} for each
event the backend streams during that request's turn, in stream order.
Events are relayed through the agent after handle_stream_event/2
runs, so for one ref they arrive before the completion message when
stream_to and recipient are the same process. Separate processes
have no shared arrival order. Streaming is off by default and
independent of event_retention: compact mode relays events that the
retained history omits, and lossless mode does not relay the event it
rejects for exceeding the capture limits.
Delivery has no backpressure and is best effort. A dead stream_to
process is ignored. An interrupt or watchdog timeout can drop events
that were generated but not yet relayed; nothing is relayed for a ref
after its request has finished. A request that never starts a turn
(cancelled, rejected by pre_turn/2, halted or failed dispatch)
produces no events.
Returns {:error, :not_found} if the agent name is not registered.

  



  
    
      
    
    
      tell_with_completion(name, prompt, recipient, timeout, opts)



        
          
        

    

  


  

      

          @spec tell_with_completion(name(), String.t(), pid(), timeout(), keyword()) ::
  {:ok, request_ref()} | {:error, term()}


      



  



  
    
      
    
    
      whereis(name)



        
          
        

    

  


  

      

          @spec whereis(name()) :: pid() | nil


      


Look up the pid of a registered agent, or nil if not found. Pass the name,
not this pid, to public client functions.

  


        

      


  

    
GenAgent.Backend behaviour
    



      
Behaviour for GenAgent LLM backends.
A backend is responsible for:
	Starting and terminating a persistent session with an LLM.
	Translating a prompt into a stream of GenAgent.Event values.
	Optionally tracking state that changes between turns (e.g. a
session id assigned by the backend after the first response).

The state machine owns backend lifecycle. It calls start_session/1
once when the agent boots, prompt/2 (or optional prompt/3) on each turn, and
terminate_session/1 from its termination callback. These three callbacks
are required; prompt/3, checkpoint_session/2, update_session/2, and
resume_session/2 are optional.
Session values
A session is an opaque term owned by the backend. It is passed back
to the backend on each call so that the backend can carry private
state across turns without needing its own process. Backends that need
a process of their own can store its pid inside the session term.
Because prompt/2 can mutate session state (for example, capturing
a session_id the first time the backend sees one), it returns an
updated session alongside the event stream. The state machine
replaces its cached session with whatever prompt/2 returns.
Event stream contract
The enumerable returned from prompt/2 must:
	Yield GenAgent.Event values in arrival order.
	Emit exactly one terminal event (:result or :error) as the
final element. The state machine stops consuming the stream after
a terminal event.
	Be safe to consume from inside a Task (the state machine runs
prompt execution under a Task.Supervisor).

Streams may be lazy. A lazy stream that blocks until fresh events
arrive is the expected shape for backends that wrap long-running CLIs.
Cancellation and cleanup
GenAgent stops the active prompt task on interruption, watchdog timeout,
or agent exit, including abrupt exits that bypass termination callbacks.
Backends must not rely on terminate_session/1 or a stream finalizer
running after such an exit.
Stopping a BEAM task does not establish that a provider's subprocess or
remote request has stopped. The backend and its transport are responsible
for external cancellation and resource cleanup.

      


      
        Summary


  
    Types
  


    
      
        session()

      


        Opaque session term owned by the backend.



    





  
    Callbacks
  


    
      
        checkpoint_session(session, session_id)

      


        Apply an acknowledged CLI identifier to a backend session.



    


    
      
        prompt(session, prompt)

      


        Dispatch a prompt on a session.



    


    
      
        prompt(session, prompt, context)

      


        Dispatch a prompt with a request-scoped session checkpoint.



    


    
      
        resume_session(session_id, opts)

      


        Resume a previously-persisted session by id.



    


    
      
        start_session(opts)

      


        Start a new session with the backend.



    


    
      
        terminate_session(session)

      


        Tear down a session.



    


    
      
        update_session(session, event_data)

      


        Fold a terminal event's data into the session.



    





      


      
        Types


        


  
    
      
    
    
      session()



        
          
        

    

  


  

      

          @type session() :: term()


      


Opaque session term owned by the backend.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      checkpoint_session(session, session_id)


        (optional)


        
          
        

    

  


  

      

          @callback checkpoint_session(session(), session_id :: String.t()) :: session()


      


Apply an acknowledged CLI identifier to a backend session.

  



  
    
      
    
    
      prompt(session, prompt)



        
          
        

    

  


  

      

          @callback prompt(session(), prompt :: String.t()) ::
  {:ok, Enumerable.t(GenAgent.Event.t()), session()} | {:error, term()}


      


Dispatch a prompt on a session.
Returns an event stream and an updated session. The state machine
replaces its cached session with the returned value before the next
call.
A synchronous {:error, reason} return indicates the prompt could
not be dispatched at all (e.g. the backend process is down). Errors
that occur mid-turn should be delivered via an :error terminal
event on the stream instead.

  



  
    
      
    
    
      prompt(session, prompt, context)


        (optional)


        
          
        

    

  


  

      

          @callback prompt(
  session(),
  prompt :: String.t(),
  context :: %{checkpoint: (term() -> :ok | {:error, atom()})}
) :: {:ok, Enumerable.t(GenAgent.Event.t()), session()} | {:error, term()}


      


Dispatch a prompt with a request-scoped session checkpoint.
context.checkpoint.(id) synchronously acknowledges a nonempty CLI session
identifier while this prompt task is active. The first identifier wins;
repeated identical identifiers are accepted. Invalid, conflicting, stale,
or caller-mismatched checkpoints return {:error, reason}. A backend must
fail its turn when a present identifier is rejected. The checkpoint is
independent of the normalized event stream and its capture limits.
Optional. Backends without this callback continue to use prompt/2.

  



  
    
      
    
    
      resume_session(session_id, opts)


        (optional)


        
          
        

    

  


  

      

          @callback resume_session(session_id :: String.t(), opts :: keyword()) ::
  {:ok, session()} | {:error, term()}


      


Resume a previously-persisted session by id.
Optional. Reserved for reattaching to a session across restarts.
GenAgent does not currently call this callback or persist sessions.

  



  
    
      
    
    
      start_session(opts)



        
          
        

    

  


  

      

          @callback start_session(opts :: keyword()) :: {:ok, session()} | {:error, term()}


      


Start a new session with the backend.
Called once when the agent boots. opts are the backend options
returned from the implementation's GenAgent.init_agent/1.

  



  
    
      
    
    
      terminate_session(session)



        
          
        

    

  


  

      

          @callback terminate_session(session()) :: :ok


      


Tear down a session.
Called from the agent's termination callback on shutdown and crashes
that run that callback. Abrupt exits such as :kill bypass it. Backends
should release any resources held by the session here and make cleanup
idempotent.

  



  
    
      
    
    
      update_session(session, event_data)


        (optional)


        
          
        

    

  


  

      

          @callback update_session(session(), event_data :: map()) :: session()


      


Fold a terminal event's data into the session.
Called once per turn, when the terminal :result event arrives,
with the terminal event's :data map. Backends use this hook to
capture identifiers assigned after the first response (for example,
Claude's session_id).
Optional. If not implemented, the session is unchanged.

  


        

      


  

    
GenAgent.Event 
    



      
A normalized event emitted by a backend during a prompt turn.
Backends translate their native event streams into GenAgent.Event values
so the state machine and user callbacks see a consistent shape regardless
of which LLM is on the other end.
Event kinds
	:text -- an assistant text chunk (delta). data carries %{text: String.t()}.
A backend can set message_boundary: true when the text starts a
separate completed assistant message rather than continuing a delta.
	:tool_use -- the agent invoked a tool. data is backend-specific.
	:tool_result -- a tool returned. data is backend-specific.
	:usage -- token usage info. data typically carries
%{input_tokens: integer(), output_tokens: integer()}.
	:result -- terminal event for a successful turn. data carries at
minimum %{text: String.t()} with the full assembled assistant text.
	:error -- terminal event for a failed turn. data carries
%{reason: term()}.

Exactly one terminal event (:result or :error) is emitted per turn.
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    Types
  


    
      
        kind()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        new(kind, data \\ %{})

      


        Build an event of the given kind with data.



    


    
      
        terminal?(event)

      


        True if the event is a terminal event (:result or :error).



    





      


      
        Types


        


  
    
      
    
    
      kind()



        
          
        

    

  


  

      

          @type kind() :: :text | :tool_use | :tool_result | :usage | :result | :error
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          @type t() :: %GenAgent.Event{data: map(), kind: kind(), timestamp: integer()}
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          @spec new(kind(), map()) :: t()


      


Build an event of the given kind with data.
The timestamp is stamped from System.monotonic_time/1 in milliseconds,
so event timestamps are suitable for computing durations within a single
turn but are not wall-clock values.

  



  
    
      
    
    
      terminal?(event)



        
          
        

    

  


  

      

          @spec terminal?(t()) :: boolean()


      


True if the event is a terminal event (:result or :error).
Terminal events mark the end of a turn. The stream from
GenAgent.Backend.prompt/2 should emit exactly one terminal event.
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The result of a completed prompt turn, delivered to GenAgent.handle_response/3.
A Response is built by the state machine after a terminal event
(:result or :error) arrives from the backend. It carries:
	:text -- the full assembled assistant text for the turn.
	:final_message -- the terminal text when provided, otherwise the
last boundary-marked assistant message (or all text if no boundary
was marked). This remains available when compact retention omits
the text events. Manually constructed responses leave it nil.
	:events -- retained normalized events in arrival order. Check
:event_coverage before treating this as a complete log.
	:terminal -- the original terminal result event, even if compact
retention omitted it from :events.
	:event_coverage -- counts and the first omission reason for the
retained log. mode: :exact means no event was omitted.
	:usage -- token usage if the backend reported any, otherwise nil.
	:duration_ms -- wall-clock time from prompt dispatch to terminal event.
	:metadata -- additive application or orchestration results, defaulting to %{}.
	:session_id -- the backend's session identifier, if any.
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        Build a Response from a completed turn's event list and wall-clock duration.
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          @type t() :: %GenAgent.Response{
  duration_ms: non_neg_integer(),
  event_coverage: map(),
  events: [GenAgent.Event.t()],
  final_message: String.t() | nil,
  metadata: map(),
  session_id: String.t() | nil,
  terminal: GenAgent.Event.t() | nil,
  text: String.t(),
  usage: map() | nil
}
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          @spec from_events([GenAgent.Event.t()], keyword()) :: t()


      


Build a Response from a completed turn's event list and wall-clock duration.
The events list must include exactly one terminal event (:result or
:error). Text is taken from the :result event's :text field if
present, otherwise assembled from any :text deltas. Deltas concatenate
directly; a text event with message_boundary: true starts a separate
assistant message after a blank line. :final_message selects the terminal
text when present, otherwise the last boundary-marked message. Usage is
taken from the most recent :usage event, if any.
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Telemetry contract for GenAgent turns and local agent observation.
Content-free turn lifecycle
Use these events for ordinary metrics and traces:
	Event	Measurements	Metadata
	[:gen_agent, :turn, :start]	system_time (native unit)	agent, ref, origin
	[:gen_agent, :turn, :stop]	duration_ms (non-negative milliseconds)	agent, ref, origin
	[:gen_agent, :turn, :error]	duration_ms (non-negative milliseconds)	agent, ref, origin, reason_kind
	[:gen_agent, :turn, :rejected]	system_time (native unit)	agent, ref, origin, reason_kind
	[:gen_agent, :turn, :cancelled]	system_time (native unit)	agent, ref, origin, reason_kind

ref is the request reference. For dispatched turns, it correlates
the start with one terminal event. origin is one of :ask, :tell, :event, or
:self_chain. A dispatched turn emits :start and then :stop or
:error when it settles. Duration uses the agent process's
monotonic clock from dispatch to backend outcome, watchdog,
interruption, or task crash. An agent or VM crash can prevent a
terminal event.
:rejected means a prompt was declined before dispatch, so it has
no matching :start and no duration. It covers queued prompt
overload and pre_turn/2 skip, halt, or invalid return. Rejected
notifications are instead reported by [:gen_agent, :input, :rejected]; they are not prompt turns.
:cancelled means accepted queued work was removed before dispatch,
so it also has no matching :start and no duration. Its
reason_kind is :caller_cancelled for a queued tell cancelled by
ref, or :caller_down for a queued ask whose caller died.
reason_kind is deliberately coarse: terminal errors use
:timeout, :interrupted, :task_crashed, or
:backend_or_callback_error. Pre-dispatch rejections use
:overloaded, :pre_turn_skipped, :pre_turn_halted,
:pre_turn_invalid, {:pre_turn_crashed, exception_kind}, or
:task_supervisor_unavailable. Queue cancellations use :caller_cancelled or
:caller_down. The raw reason, prompt, response, backend
session, and agent state are never included in these turn events.
agent and especially ref can still have high cardinality: use
them to correlate traces, not as unbounded metric labels. The
bounded origin and reason_kind fields are suitable dimensions.
Rich local events
The original events remain for trusted, in-process observers:
	Event	Measurements	Metadata that may contain application data
	[:gen_agent, :prompt, :start]	system_time (native unit)	agent, ref, prompt, original_prompt, rewritten, agent_state
	[:gen_agent, :prompt, :stop]	duration (backend-reported milliseconds)	agent, ref, agent_state
	[:gen_agent, :prompt, :error]	system_time (native unit); duration (milliseconds) for dispatched turns	agent, ref, raw reason, agent_state
	[:gen_agent, :event, :received]	system_time (native unit)	agent, raw event
	[:gen_agent, :state, :changed]	system_time (native unit)	agent, from, to
	[:gen_agent, :mailbox, :queued]	depth (count)	agent
	[:gen_agent, :input, :rejected]	system_time (native unit)	agent, raw reason
	[:gen_agent, :halted]	system_time (native unit)	agent, agent_state

Rich :prompt, :error may describe a generated prompt rejected
before dispatch, in which case it has no matching prompt start or
duration. It also fires on interruption. These events can contain
sensitive application data and should not be exported or turned
into metrics without filtering. Their metadata shape is preserved
for existing local observers.
Normalized token usage is on GenAgent.Response.usage; inspect it
in handle_response/3 or post_turn/3. Backend-specific usage or
cost fields can be read from normalized stream events by a trusted
handle_stream_event/2 callback. The core turn events do not copy
usage or provider data, and adapters do not need to duplicate the
turn lifecycle just to expose latency.
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