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    Elixir Codex SDK - Project Goals and Design

Overview
The Elixir Codex SDK is an idiomatic, production-ready wrapper around OpenAI's codex-rs CLI executable. This SDK brings the power of OpenAI's Codex agent—a sophisticated AI assistant capable of reasoning, code generation, file manipulation, command execution, and more—into the Elixir/OTP ecosystem.
Project Goals
Primary Objectives
	Complete Feature Parity: Implement all functionality available in the official TypeScript SDK
	Idiomatic Elixir: Leverage OTP principles, GenServers, and BEAM concurrency patterns
	Production Ready: Robust error handling, supervision trees, telemetry integration
	Type Safety: Comprehensive structs using TypedStruct for all events, items, and options
	Battle Tested: Deterministic, async test suite using Supertester (zero Process.sleep)
	Developer Experience: Clear APIs, comprehensive documentation, helpful examples

Secondary Objectives
	Performance: Efficient streaming with backpressure, minimal memory overhead
	Observability: Telemetry events for monitoring and debugging
	Extensibility: Clean abstractions for future enhancements
	Maintainability: Well-documented code, consistent patterns, comprehensive tests

Core Concepts
The Codex Agent
Codex is an AI agent that can:
	Analyze and generate code across multiple languages
	Execute shell commands in a controlled sandbox
	Read, write, and modify files with precise diffs
	Search the web for up-to-date information
	Make calls to Model Context Protocol (MCP) tools
	Reason about complex problems and maintain task lists
	Produce structured JSON output conforming to schemas

Threads and Turns
Thread: A persistent conversation session with the agent. Threads maintain context across multiple interactions and are stored in ~/.codex/sessions.
Turn: A single request-response cycle within a thread. Each turn:
	Starts with a user prompt (input)
	Produces a stream of events as the agent works
	Completes with a final response and usage statistics
	May include multiple items (messages, commands, file changes, etc.)

Items
Items are the atomic units of work in a thread. Each item represents a specific action or artifact:
	AgentMessage: Text or JSON response from the agent
	Reasoning: The agent's reasoning process summary
	CommandExecution: Shell command with status and output
	FileChange: File modifications (add, update, delete)
	McpToolCall: External tool invocation via MCP
	WebSearch: Web search query and results
	TodoList: Agent's running task list
	Error: Non-fatal error items

Events
Events are emitted during turn execution to provide real-time updates:
Thread-Level Events
	ThreadStarted: New thread initialized with ID
	TurnStarted: Agent begins processing prompt
	TurnCompleted: Turn finished with usage stats
	TurnFailed: Turn encountered fatal error

Item-Level Events
	ItemStarted: New item added (typically in progress)
	ItemUpdated: Item state changed
	ItemCompleted: Item reached terminal state

Module Structure
Core Modules
Codex
The main entry point for the SDK.
Responsibilities:
	Create new threads
	Resume existing threads
	Manage global options (API key, base URL, codex path)

Key Functions:
start_thread(codex_opts \\ %{}, thread_opts \\ %{}) :: {:ok, thread} | {:error, term}
resume_thread(thread_id, codex_opts \\ %{}, thread_opts \\ %{}) :: {:ok, thread} | {:error, term}
Codex.Thread
Manages individual conversation threads and turn execution.
Responsibilities:
	Execute turns (blocking or streaming)
	Maintain thread state and ID
	Apply thread-level options (model, sandbox, working directory)

Key Functions:
run(thread, input, turn_opts \\ %{}) :: {:ok, turn_result} | {:error, term}
run_streamed(thread, input, turn_opts \\ %{}) :: {:ok, stream} | {:error, term}
Codex.Exec
GenServer that manages the codex-rs OS process lifecycle.
Responsibilities:
	Spawn and manage codex-rs process via Port
	Handle JSONL stdin/stdout communication
	Parse events and forward to caller
	Clean up resources on exit or crash

Key Behaviors:
	One GenServer per turn execution
	Supervised process with proper cleanup
	Telemetry events for observability

Type Modules
Codex.Events
Defines all event types using TypedStruct.
Event Types:
	ThreadStarted, TurnStarted, TurnCompleted, TurnFailed
	ItemStarted, ItemUpdated, ItemCompleted
	ThreadError

Codex.Items
Defines all item types and their status enums.
Item Types:
	AgentMessage, Reasoning, CommandExecution, FileChange
	McpToolCall, WebSearch, TodoList, Error

Status Types:
	CommandExecutionStatus: :in_progress, :completed, :failed
	PatchApplyStatus: :completed, :failed
	McpToolCallStatus: :in_progress, :completed, :failed

Codex.Options
Configuration structs for all levels.
Structs:
	Codex.Options: Global options (codex path, API key, base URL)
	Codex.Thread.Options: Thread options (model, sandbox, working directory)
	Codex.Turn.Options: Turn options (output schema)

Utility Modules
Codex.OutputSchemaFile
Helper for managing JSON schema temporary files.
Responsibilities:
	Create temporary file with JSON schema
	Provide cleanup function
	Handle errors gracefully

Architecture Patterns
Process Model
┌─────────────┐
│   Client    │
└──────┬──────┘
       │ (synchronous API calls)
       ▼
┌─────────────────┐
│ Codex.Thread    │  (stateful struct, holds thread_id and options)
└────────┬────────┘
         │ (spawns)
         ▼
┌──────────────────┐
│  Codex.Exec      │  (GenServer - one per turn)
│  (GenServer)     │  - Manages codex-rs lifecycle
└────────┬─────────┘  - Parses JSONL events
         │ (spawns)   - Handles Port communication
         ▼
┌──────────────────┐
│   Port (stdin/   │  (IPC with codex-rs)
│    stdout)       │  - JSONL over stdin
└────────┬─────────┘  - JSONL events from stdout
         │
         ▼
┌──────────────────┐
│   codex-rs       │  (OpenAI's Rust CLI)
│   (OS Process)   │  - Manages OpenAI API calls
└──────────────────┘  - Executes commands/file ops
                      - Streams events
Data Flow
	Client calls Codex.Thread.run/3
	Thread module starts Codex.Exec GenServer
	Passes thread_id, options, and input


	Exec spawns codex-rs process
	Constructs command line arguments
	Sets environment variables
	Opens Port with :binary, :use_stdio, :exit_status


	Exec sends input via stdin
	Writes prompt to Port
	Closes stdin to signal end of input


	Exec receives JSONL events from stdout
	Parses each line as JSON
	Converts to structured event structs
	Forwards events to caller


	Blocking mode (run/3)
	Exec accumulates events
	Extracts final response and items
	Returns complete TurnResult when turn completes


	Streaming mode (run_streamed/3)
	Exec yields events as they arrive
	Client processes events in real-time
	Stream completes when turn finishes



Error Handling
Recoverable Errors
	Non-fatal errors become ErrorItem in thread
	Agent continues processing
	Turn completes normally

Fatal Errors
	TurnFailed event with error details
	Process exits gracefully
	Resources cleaned up
	Error propagated to client

Process Crashes
	GenServer supervision restarts failed processes
	Port monitors detect process termination
	Cleanup functions remove temporary files
	Telemetry events logged

Streaming Strategy
Streaming Pros:
	Real-time updates for responsive UIs
	Process events as they arrive
	Lower memory footprint for long turns

Streaming Cons:
	More complex client code
	Requires event handling logic

Blocking Pros:
	Simple API for scripting
	No event handling needed
	Complete result in one call

Blocking Cons:
	Higher memory usage
	No progress visibility
	Longer wait times

Implementation:
	run_streamed/3 returns a Stream/Enumerable
	run/3 internally uses streaming but buffers results
	Both share same Codex.Exec implementation

Feature Set
Completed in TypeScript SDK (Target Parity)
	Core Operations
	Start new threads
	Resume existing threads
	Execute turns (blocking and streaming)
	Handle all event types
	Parse all item types


	Configuration
	Custom codex binary path
	API key and base URL override
	Model selection
	Sandbox modes (read-only, workspace-write, danger-full-access)
	Working directory control
	Git repo check bypass


	Structured Output
	JSON schema support
	Temporary file management
	Schema validation


	Error Handling
	Process spawn errors
	JSON parse errors
	Exit code handling
	stderr capture



Additional Features for Elixir
	OTP Integration
	GenServer-based process management
	Supervision tree support
	Proper resource cleanup


	Telemetry
	Turn start/complete events
	Error events
	Performance metrics


	Type Safety
	TypedStruct for all data types
	Compile-time type checking
	Documentation from types


	Testing
	Supertester integration
	Mock GenServer implementation
	Deterministic async tests
	Chaos engineering tests



Development Approach
Test-Driven Development
	Write tests first: Define expected behavior through tests
	Implement minimally: Write just enough code to pass tests
	Refactor confidently: Tests provide safety net
	Document through tests: Tests serve as executable documentation

Incremental Implementation
Week 1: Core types and module stubs
	Define all event/item structs
	Create module outlines
	Set up test infrastructure

Week 2: Exec GenServer implementation
	Port-based process management
	JSONL parsing
	Event forwarding

Week 3: Thread management
	Blocking turn execution
	Streaming turn execution
	Option handling

Week 4: Integration and polish
	End-to-end tests
	Documentation
	Examples
	CI/CD

Quality Standards
	Code Coverage: Target 95%+ line coverage
	Documentation: All public functions have @doc
	Typespecs: All public functions have @spec
	Dialyzer: Zero warnings
	Credo: All issues resolved
	Tests: Zero flaky tests, all async

Success Criteria
Must Have (MVP)
	[ ] All TypeScript SDK features implemented
	[ ] All tests passing (unit, integration, property)
	[ ] Documentation complete (API docs, guides, examples)
	[ ] CI/CD pipeline green
	[ ] Published to Hex.pm

Should Have (v1.0)
	[ ] Telemetry integration documented
	[ ] Supervision tree examples
	[ ] Performance benchmarks
	[ ] Chaos engineering tests
	[ ] Real-world examples

Could Have (Future)
	[ ] Custom event handlers
	[ ] Persistent event logging
	[ ] WebSocket-based streaming
	[ ] Native NIF for performance
	[ ] Phoenix LiveView integration examples

References
	OpenAI Codex GitHub
	TypeScript SDK Source
	Elixir Port Documentation
	GenServer Behavior
	Supertester Library
	TypedStruct Library
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    Architecture Guide

System Overview
The Elixir Codex SDK is a layered architecture that wraps the codex-rs CLI executable and provides an idiomatic OTP-based interface. The system is designed around three core principles:
	Process Isolation: Each turn execution runs in its own GenServer
	Clean Separation: Clear boundaries between client API, process management, and IPC
	Robust Error Handling: Failures are isolated and cleanly propagated

Component Architecture
High-Level Component Diagram
┌───────────────────────────────────────────────────────────────┐
│                        Client Code                             │
│  (User application using Codex SDK)                           │
└────────────────┬──────────────────────────────────────────────┘
                 │
                 │ Public API
                 ▼
┌───────────────────────────────────────────────────────────────┐
│                      Codex Module                              │
│  - start_thread/2                                             │
│  - resume_thread/3                                            │
│  (Factory for Thread instances)                               │
└────────────────┬──────────────────────────────────────────────┘
                 │
                 │ Returns Thread struct
                 ▼
┌───────────────────────────────────────────────────────────────┐
│                   Codex.Thread Module                          │
│  - run/3 (blocking)                                           │
│  - run_streamed/3 (streaming)                                 │
│  (Manages turn execution lifecycle)                           │
└────────────────┬──────────────────────────────────────────────┘
                 │
                 │ Starts GenServer
                 ▼
┌───────────────────────────────────────────────────────────────┐
│                   Codex.Exec GenServer                         │
│  - Spawns codex-rs process                                    │
│  - Manages Port communication                                 │
│  - Parses JSONL events                                        │
│  - Handles process lifecycle                                  │
└────────────────┬──────────────────────────────────────────────┘
                 │
                 │ Port (stdin/stdout)
                 ▼
┌───────────────────────────────────────────────────────────────┐
│                      codex-rs Process                          │
│  - OpenAI API integration                                     │
│  - Command execution                                          │
│  - File operations                                            │
│  - Event emission                                             │
└───────────────────────────────────────────────────────────────┘
Module Breakdown
1. Codex Module
Purpose: Main entry point and factory for thread instances.
Responsibilities:
	Validate global options (API key, base URL, codex path)
	Create new thread instances
	Resume existing threads from saved sessions

State: Stateless module (pure functions)
Key Functions:
@spec start_thread(Codex.Options.t(), Codex.Thread.Options.t()) ::
  {:ok, Codex.Thread.t()} | {:error, term()}

@spec resume_thread(String.t(), Codex.Options.t(), Codex.Thread.Options.t()) ::
  {:ok, Codex.Thread.t()} | {:error, term()}
Error Handling:
	Validates codex binary exists and is executable
	Validates options format
	Returns descriptive errors for invalid configurations


2. Codex.Thread Module
Purpose: Manages individual conversation threads.
Responsibilities:
	Execute turns (blocking and streaming modes)
	Maintain thread ID and options
	Coordinate with Exec GenServer
	Handle structured output schemas

State: Encapsulated in %Codex.Thread{} struct
defstruct [
  :thread_id,          # String.t() | nil (populated after first turn)
  :codex_opts,         # %Codex.Options{}
  :thread_opts         # %Codex.Thread.Options{}
]
Key Functions:
@spec run(t(), String.t(), Codex.Turn.Options.t()) ::
  {:ok, Codex.Turn.Result.t()} | {:error, term()}

@spec run_streamed(t(), String.t(), Codex.Turn.Options.t()) ::
  {:ok, Enumerable.t()} | {:error, term()}
Execution Flow (Blocking Mode):
	Create output schema file if needed
	Start Codex.Exec GenServer with options
	Wait for events, accumulating items
	Extract final response from last AgentMessage
	Return TurnResult when TurnCompleted received
	Clean up schema file and Exec process

Execution Flow (Streaming Mode):
	Create output schema file if needed
	Start Codex.Exec GenServer with options
	Return Stream that yields events as they arrive
	Clean up when stream completes or is halted


3. Codex.Exec GenServer
Purpose: Manages the lifecycle of a single codex-rs process execution.
Responsibilities:
	Spawn codex-rs process via Port
	Send input prompt via stdin
	Receive and parse JSONL events from stdout
	Monitor process health and exit status
	Clean up resources on completion or crash

State:
defstruct [
  :port,               # Port.t()
  :caller,             # pid() of requesting process
  :ref,                # reference() for synchronization
  :buffer,             # String.t() for incomplete lines
  :exit_status,        # integer() | nil
  :stderr_buffer       # String.t() for error messages
]
Lifecycle:
	init/1:
	Build command args from options
	Set environment variables
	Spawn Port with codex-rs process
	Send telemetry event (turn started)


	Message Handling:
	{port, {:data, data}}: Parse JSONL lines, send events to caller
	{port, {:exit_status, status}}: Handle process exit
	{:EXIT, port, reason}: Handle unexpected crashes


	terminate/2:
	Close port if still open
	Send telemetry event (turn completed/failed)
	Clean up any remaining resources



Error Scenarios:
	Spawn failure: Return error immediately
	JSON parse error: Emit error event, continue processing
	Non-zero exit: Emit TurnFailed with stderr contents
	Process crash: Emit TurnFailed with crash reason

GenServer API:
@spec start_link(keyword()) :: GenServer.on_start()
@spec run_turn(pid(), String.t(), map()) :: {:ok, reference()}

4. Type Modules
Codex.Events
Defines all event types emitted during turn execution.
TypedStruct Definitions:
defmodule Codex.Events.ThreadStarted do
  use TypedStruct
  typedstruct do
    field :type, :thread_started, enforce: true
    field :thread_id, String.t(), enforce: true
  end
end

# Similar for:
# - TurnStarted
# - TurnCompleted (with Usage)
# - TurnFailed (with ThreadError)
# - ItemStarted (with ThreadItem)
# - ItemUpdated (with ThreadItem)
# - ItemCompleted (with ThreadItem)
Codex.Items
Defines all item types and their variants.
Item Types:
	AgentMessage: Text or JSON response
	Reasoning: Agent's thinking summary
	CommandExecution: Command with output and exit code
	FileChange: File modifications with changes array
	McpToolCall: MCP tool invocation
	WebSearch: Search query
	TodoList: Agent's task list
	Error: Non-fatal error

Example:
defmodule Codex.Items.CommandExecution do
  use TypedStruct
  typedstruct do
    field :id, String.t(), enforce: true
    field :type, :command_execution, default: :command_execution
    field :command, String.t(), enforce: true
    field :aggregated_output, String.t(), default: ""
    field :exit_code, integer()
    field :status, atom(), enforce: true
  end
end
Codex.Options
Configuration structs for each level.
defmodule Codex.Options do
  use TypedStruct
  typedstruct do
    field :codex_path_override, String.t()
    field :base_url, String.t()
    field :api_key, String.t()
  end
end

defmodule Codex.Thread.Options do
  use TypedStruct
  typedstruct do
    field :model, String.t()
    field :sandbox_mode, atom()  # :read_only | :workspace_write | :danger_full_access
    field :working_directory, String.t()
    field :skip_git_repo_check, boolean(), default: false
  end
end

defmodule Codex.Turn.Options do
  use TypedStruct
  typedstruct do
    field :output_schema, map()
  end
end

5. Utility Modules
Codex.OutputSchemaFile
Manages temporary JSON schema files.
Functions:
@spec create(map() | nil) :: {:ok, {String.t() | nil, function()}} | {:error, term()}
Implementation:
	Creates temp directory in system tmp
	Writes schema JSON to file
	Returns path and cleanup function
	Cleanup function removes directory recursively
	Handles nil schema (no file created)

Data Flow Diagrams
Blocking Turn Execution
Client                  Thread              Exec GenServer         Port/Process
  |                       |                       |                     |
  |-- run(input) -------->|                       |                     |
  |                       |-- start_link() ------>|                     |
  |                       |                       |-- spawn() --------->|
  |                       |                       |                     |-- codex-rs starts
  |                       |-- call: run_turn ---->|                     |
  |                       |                       |-- write stdin ----->|
  |                       |                       |                     |
  |                       |<------- event --------|<-- stdout line -----|
  |                       |<------- event --------|<-- stdout line -----|
  |                       |<------- event --------|<-- stdout line -----|
  |                       |                       |                     |
  |                       |<-- TurnCompleted -----|<-- stdout line -----|
  |                       |                       |                     |-- codex-rs exits
  |                       |                       |<-- exit_status -----|
  |                       |-- stop() ------------>|                     |
  |                       |                       |-- cleanup --------->|
  |<-- {:ok, result} -----|                       |                     |
Streaming Turn Execution
Client                  Thread              Exec GenServer         Port/Process
  |                       |                       |                     |
  |-- run_streamed() ---->|                       |                     |
  |                       |-- start_link() ------>|                     |
  |                       |                       |-- spawn() --------->|
  |<-- {:ok, stream} -----|                       |                     |
  |                       |                       |                     |-- codex-rs starts
  |                       |-- call: run_turn ---->|                     |
  |                       |                       |-- write stdin ----->|
  |                       |                       |                     |
  |-- next event -------->|-- fetch event ------->|                     |
  |<-- ItemStarted -------|<----------------------|<-- stdout line -----|
  |                       |                       |                     |
  |-- next event -------->|-- fetch event ------->|                     |
  |<-- ItemCompleted -----|<----------------------|<-- stdout line -----|
  |                       |                       |                     |
  |-- next event -------->|-- fetch event ------->|                     |
  |<-- TurnCompleted -----|<----------------------|<-- stdout line -----|
  |                       |                       |                     |-- codex-rs exits
  |-- stream done ------->|-- stop() ------------>|                     |
  |                       |                       |-- cleanup --------->|
Process Model
Process Hierarchy
Application Supervisor
    │
    └─── Client Process (caller)
            │
            └─── Codex.Exec GenServer (per turn)
                    │
                    └─── Port (OS process)
                            │
                            └─── codex-rs
Key Points:
	Exec GenServer is ephemeral (one per turn)
	No persistent supervision tree needed
	Client monitors Exec GenServer
	Exec GenServer monitors Port
	Clean shutdown cascades down hierarchy

Message Passing
Client → Thread (synchronous):
{:run, input, options}
{:run_streamed, input, options}
Thread → Exec (GenServer call):
{:run_turn, input, codex_args}
Port → Exec (Port messages):
{port, {:data, binary}}
{port, {:exit_status, integer}}
{:EXIT, port, reason}
Exec → Client (via reference):
{:event, ref, event_struct}
{:error, ref, error_term}
{:done, ref}
Error Handling Strategy
Error Categories
	Configuration Errors (fail fast)
	Invalid options
	Missing codex binary
	Bad API credentials
	Return: {:error, {:config, reason}}


	Process Errors (recoverable)
	Spawn failure
	Port crash
	Return: {:error, {:process, reason}}


	Communication Errors (retryable)
	JSON parse error
	Protocol mismatch
	Return: {:error, {:communication, reason}}


	Turn Errors (expected)
	Agent failure
	API rate limit
	Model error
	Return: {:error, {:turn_failed, error_struct}}



Error Propagation
codex-rs exit code ≠ 0
    ↓
Port sends {:exit_status, code}
    ↓
Exec GenServer receives exit
    ↓
Exec parses stderr buffer
    ↓
Exec sends {:error, ref, {:turn_failed, details}}
    ↓
Thread receives error
    ↓
Client gets {:error, {:turn_failed, details}}
Cleanup Guarantees
All cleanup happens in GenServer terminate/2:
	Close Port
	Kill OS process if still running
	Remove temporary schema file
	Send telemetry event

Cleanup is guaranteed even on:
	Normal completion
	Client crash
	GenServer crash
	VM shutdown

Streaming Implementation
Stream Creation
def run_streamed(thread, input, opts) do
  {schema_path, cleanup_fn} = OutputSchemaFile.create(opts.output_schema)

  stream = Stream.resource(
    # Start function
    fn ->
      {:ok, pid} = Exec.start_link(...)
      ref = Exec.run_turn(pid, input, ...)
      {pid, ref, cleanup_fn}
    end,

    # Next function
    fn {pid, ref, cleanup_fn} = acc ->
      receive do
        {:event, ^ref, event} -> {[event], acc}
        {:done, ^ref} -> {:halt, acc}
        {:error, ^ref, error} -> raise error
      after
        30_000 -> raise TimeoutError
      end
    end,

    # After function
    fn {pid, _ref, cleanup_fn} ->
      GenServer.stop(pid)
      cleanup_fn.()
    end
  )

  {:ok, stream}
end
Key Properties:
	Lazy evaluation (events fetched on demand)
	Backpressure support (caller controls rate)
	Automatic cleanup (even if stream halted early)
	Timeout protection (30s default)

Event Buffering
In Exec GenServer:
	Small buffer (100 events) to handle bursts
	Blocks Port reading if buffer full (backpressure)
	Flush buffer on process exit

In Thread/Client:
	No buffering (events consumed immediately)
	Client controls pace via Stream consumption

Performance Considerations
Memory
Per Turn Overhead:
	GenServer state: ~1 KB
	Event buffers: ~10 KB
	Port buffers: ~4 KB
	Total: ~15 KB per concurrent turn

Streaming Benefits:
	Constant memory (O(1) per turn)
	Events processed and discarded
	No accumulation of full turn history

Latency
Event Propagation:
	codex-rs → stdout: < 1 ms
	Port → Exec: < 1 ms
	Exec → Client: < 1 ms
	Total: < 5 ms end-to-end

Optimization Opportunities:
	Batch small events
	Binary protocol (vs JSON)
	NIF for JSON parsing

Throughput
Bottlenecks:
	OpenAI API rate limits (primary)
	JSON parsing (secondary)
	Process scheduling (minimal)

Scalability:
	100s of concurrent turns easily
	1000s possible with tuning
	Limited by API, not SDK

Testing Strategy
Unit Tests
Codex Module:
	Option validation
	Thread creation
	Error cases

Thread Module:
	Turn execution (mocked Exec)
	Option passing
	Schema handling

Exec GenServer:
	Process spawning
	Event parsing
	Error handling
	Cleanup

Integration Tests
With Mock codex-rs:
	Script that emits test events
	No real API calls
	Fast and deterministic

With Real codex-rs:
	Tagged :integration
	Requires API key
	Slow but comprehensive

Property Tests
Event Parsing:
	Generate random valid events
	Verify round-trip JSON encoding
	Ensure no crashes

Stream Properties:
	Events in order
	No duplicates
	Complete consumption

Chaos Tests
Process Crashes:
	Kill Exec during turn
	Kill Port during turn
	Verify cleanup happens

Resource Exhaustion:
	Many concurrent turns
	Large event payloads
	Verify no leaks

Telemetry Integration
Events
[:codex, :turn, :start]
  Measurements: %{system_time: integer()}
  Metadata: %{thread_id: string(), input_length: integer()}

[:codex, :turn, :stop]
  Measurements: %{duration: integer()}
  Metadata: %{thread_id: string(), usage: Usage.t()}

[:codex, :turn, :exception]
  Measurements: %{duration: integer()}
  Metadata: %{thread_id: string(), error: term()}

[:codex, :item, :completed]
  Measurements: %{system_time: integer()}
  Metadata: %{thread_id: string(), item_type: atom(), item_id: string()}
Usage
:telemetry.attach_many(
  "codex-handler",
  [
    [:codex, :turn, :start],
    [:codex, :turn, :stop],
    [:codex, :turn, :exception]
  ],
  &MyApp.TelemetryHandler.handle_event/4,
  nil
)
Security Considerations
Sandbox Modes
	:read_only: Codex can read files but not write
	:workspace_write: Codex can write within working directory
	:danger_full_access: Codex has unrestricted access

Recommendations:
	Use :read_only for analysis tasks
	Use :workspace_write for development
	Avoid :danger_full_access unless necessary

Input Validation
	Sanitize file paths
	Validate schema JSON
	Escape shell arguments (handled by codex-rs)

Secrets Management
	Never log API keys
	Use environment variables
	Rotate keys regularly
	Use per-project API keys

Extension Points
Custom Event Handlers
defmodule MyApp.CodexHandler do
  def handle_event(%ItemCompleted{item: %CommandExecution{} = cmd}) do
    Logger.info("Command: #{cmd.command}, exit: #{cmd.exit_code}")
  end

  def handle_event(_), do: :ok
end

# Use with streaming
{:ok, stream} = Thread.run_streamed(thread, input)
Enum.each(stream, &MyApp.CodexHandler.handle_event/1)
Custom Telemetry
defmodule MyApp.Metrics do
  def track_usage(%Usage{} = usage) do
    :telemetry.execute(
      [:my_app, :codex, :tokens],
      %{total: usage.input_tokens + usage.output_tokens},
      %{source: :codex}
    )
  end
end
Supervision
defmodule MyApp.CodexSupervisor do
  use Supervisor

  def start_link(opts) do
    Supervisor.start_link(__MODULE__, opts, name: __MODULE__)
  end

  def init(_opts) do
    children = [
      {Task.Supervisor, name: MyApp.CodexTaskSupervisor}
    ]

    Supervisor.init(children, strategy: :one_for_one)
  end
end

# Use supervised tasks for concurrent turns
Task.Supervisor.async(MyApp.CodexTaskSupervisor, fn ->
  Thread.run(thread, input)
end)
Future Enhancements
Potential Improvements
	Native JSON Parsing: NIF for faster event parsing
	Binary Protocol: Reduce overhead vs JSONL
	WebSocket Streaming: Alternative to Port for long-running sessions
	Event Persistence: Store events for replay/debugging
	Distributed Turns: Run turns on remote nodes
	Rate Limiting: Built-in API rate limiting
	Caching: Cache common responses
	Metrics Dashboard: Real-time monitoring UI

API Stability
Stable (v1.0+):
	Core module interfaces
	Event/item struct shapes
	Option struct fields

Unstable (may change):
	Telemetry event names
	Internal GenServer implementation
	Error tuple formats

Experimental:
	Custom event handlers
	Advanced streaming modes
	Performance optimizations
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    Implementation Plan - TDD Approach

Overview
This document outlines a test-driven development (TDD) approach to implementing the Elixir Codex SDK. The plan is organized into four one-week sprints, with each sprint building on the previous one. All tests are written before implementation, using Supertester for deterministic OTP testing.
Guiding Principles
	Test First: Write tests before implementation
	Red-Green-Refactor: Fail → Pass → Clean
	Small Steps: Incremental progress with frequent validation
	Async Tests: All tests run with async: true
	No Process.sleep: Use Supertester for proper synchronization
	Integration Last: Unit tests → integration tests → live tests

Sprint 0: Project Setup (Pre-development)
Goals
	[x] Initialize Mix project
	[x] Configure dependencies
	[x] Set up CI/CD pipeline
	[x] Create documentation structure
	[x] Define project standards

Tasks Completed
	[x] Run mix new codex_sdk
	[x] Add dependencies to mix.exs	[x] jason (JSON parsing)
	[x] typed_struct (type definitions)
	[x] telemetry (observability)
	[x] supertester (testing)
	[x] mox (mocking)
	[x] ex_doc (documentation)
	[x] credo (linting)
	[x] dialyxir (type checking)
	[x] excoveralls (coverage)


	[x] Configure ExDoc with documentation structure
	[x] Set up GitHub Actions workflow
	[x] Create initial README
	[x] Write project documentation (01.md, 02-architecture.md, etc.)

Deliverables
	[x] Working Mix project
	[x] Passing mix deps.get
	[x] Passing mix compile
	[x] Green CI build
	[x] Complete documentation structure


Sprint 1: Type Definitions and Module Stubs
Duration: Week 1
Focus: Define all types, create module structure, establish test infrastructure
Phase 1.1: Event Types (Day 1)
Tests to Write
test/codex/events_test.exs:
defmodule Codex.EventsTest do
  use ExUnit.Case, async: true

  describe "ThreadStarted" do
    test "creates struct with required fields" do
      event = %Codex.Events.ThreadStarted{
        type: :thread_started,
        thread_id: "thread_abc123"
      }

      assert event.type == :thread_started
      assert event.thread_id == "thread_abc123"
    end

    test "enforces required fields" do
      assert_raise ArgumentError, fn ->
        %Codex.Events.ThreadStarted{}
      end
    end

    test "encodes to JSON correctly" do
      event = %Codex.Events.ThreadStarted{
        type: :thread_started,
        thread_id: "thread_abc123"
      }

      json = Jason.encode!(event)
      decoded = Jason.decode!(json)

      assert decoded["type"] == "thread_started"
      assert decoded["thread_id"] == "thread_abc123"
    end
  end

  # Similar tests for:
  # - TurnStarted
  # - TurnCompleted (with Usage)
  # - TurnFailed
  # - ItemStarted, ItemUpdated, ItemCompleted
  # - ThreadError
end
Implementation
lib/codex/events.ex:
defmodule Codex.Events do
  @moduledoc "Event types emitted during turn execution"
end

defmodule Codex.Events.ThreadStarted do
  use TypedStruct

  typedstruct do
    field :type, :thread_started, enforce: true
    field :thread_id, String.t(), enforce: true
  end

  @derive Jason.Encoder
end

# Implement remaining event types...
Acceptance Criteria
	[ ] All event types defined with TypedStruct
	[ ] All fields documented
	[ ] JSON encoding/decoding working
	[ ] Tests passing (async: true)
	[ ] Dialyzer clean
	[ ] ExDoc generated


Phase 1.2: Item Types (Day 2)
Tests to Write
test/codex/items_test.exs:
defmodule Codex.ItemsTest do
  use ExUnit.Case, async: true

  describe "AgentMessage" do
    test "creates message item" do
      item = %Codex.Items.AgentMessage{
        id: "msg_1",
        type: :agent_message,
        text: "Hello, world!"
      }

      assert item.id == "msg_1"
      assert item.type == :agent_message
      assert item.text == "Hello, world!"
    end

    test "encodes to JSON" do
      item = %Codex.Items.AgentMessage{
        id: "msg_1",
        type: :agent_message,
        text: "Hello"
      }

      json = Jason.encode!(item)
      decoded = Jason.decode!(json)

      assert decoded["type"] == "agent_message"
    end
  end

  describe "CommandExecution" do
    test "creates command with status" do
      item = %Codex.Items.CommandExecution{
        id: "cmd_1",
        type: :command_execution,
        command: "ls -la",
        aggregated_output: "",
        status: :in_progress
      }

      assert item.command == "ls -la"
      assert item.status == :in_progress
    end

    test "accepts completed status with exit code" do
      item = %Codex.Items.CommandExecution{
        id: "cmd_1",
        type: :command_execution,
        command: "ls -la",
        aggregated_output: "total 0",
        exit_code: 0,
        status: :completed
      }

      assert item.exit_code == 0
      assert item.status == :completed
    end
  end

  # Similar tests for all item types
end
Implementation
lib/codex/items.ex:
defmodule Codex.Items do
  @moduledoc "Thread item types and their variants"
end

defmodule Codex.Items.AgentMessage do
  use TypedStruct

  typedstruct do
    field :id, String.t(), enforce: true
    field :type, :agent_message, default: :agent_message
    field :text, String.t(), enforce: true
  end

  @derive Jason.Encoder
end

# Implement all item types...
Acceptance Criteria
	[ ] All item types defined
	[ ] Status enums documented
	[ ] JSON encoding working
	[ ] Tests passing
	[ ] Dialyzer clean


Phase 1.3: Option Structs (Day 3)
Tests to Write
test/codex/options_test.exs:
defmodule Codex.OptionsTest do
  use ExUnit.Case, async: true

  describe "Codex.Options" do
    test "creates with default values" do
      opts = %Codex.Options{}

      assert opts.codex_path_override == nil
      assert opts.base_url == nil
      assert opts.api_key == nil
    end

    test "creates with custom values" do
      opts = %Codex.Options{
        codex_path_override: "/usr/bin/codex",
        api_key: "sk-test"
      }

      assert opts.codex_path_override == "/usr/bin/codex"
      assert opts.api_key == "sk-test"
    end
  end

  describe "Codex.Thread.Options" do
    test "creates with defaults" do
      opts = %Codex.Thread.Options{}

      assert opts.sandbox_mode == nil
      assert opts.skip_git_repo_check == false
    end

    test "validates sandbox mode" do
      opts = %Codex.Thread.Options{
        sandbox_mode: :read_only
      }

      assert opts.sandbox_mode == :read_only
    end
  end

  # Tests for Turn.Options
end
Implementation
lib/codex/options.ex:
defmodule Codex.Options do
  use TypedStruct

  typedstruct do
    field :codex_path_override, String.t()
    field :base_url, String.t()
    field :api_key, String.t()
  end
end

# Implement Thread.Options and Turn.Options...
Acceptance Criteria
	[ ] All option structs defined
	[ ] Defaults documented
	[ ] Validation helpers implemented
	[ ] Tests passing


Phase 1.4: Module Stubs (Day 4)
Tests to Write
test/codex_test.exs:
defmodule CodexTest do
  use ExUnit.Case, async: true

  describe "start_thread/2" do
    test "returns thread struct" do
      assert {:ok, thread} = Codex.start_thread()
      assert %Codex.Thread{} = thread
      assert thread.thread_id == nil
    end

    test "accepts options" do
      codex_opts = %Codex.Options{api_key: "sk-test"}
      thread_opts = %Codex.Thread.Options{model: "o1"}

      assert {:ok, thread} = Codex.start_thread(codex_opts, thread_opts)
      assert thread.codex_opts.api_key == "sk-test"
      assert thread.thread_opts.model == "o1"
    end
  end

  describe "resume_thread/3" do
    test "returns thread with ID" do
      assert {:ok, thread} = Codex.resume_thread("thread_123")
      assert thread.thread_id == "thread_123"
    end
  end
end
test/codex/thread_test.exs:
defmodule Codex.ThreadTest do
  use ExUnit.Case, async: true

  describe "run/3" do
    test "defined but not implemented" do
      thread = %Codex.Thread{
        thread_id: nil,
        codex_opts: %Codex.Options{},
        thread_opts: %Codex.Thread.Options{}
      }

      # Should compile but not work yet
      assert function_exported?(Codex.Thread, :run, 3)
    end
  end
end
Implementation
lib/codex.ex:
defmodule Codex do
  @moduledoc "Main entry point for Codex SDK"

  alias Codex.Thread

  @spec start_thread(Codex.Options.t(), Codex.Thread.Options.t()) ::
    {:ok, Thread.t()}
  def start_thread(codex_opts \\ %Codex.Options{}, thread_opts \\ %Codex.Thread.Options{}) do
    thread = %Thread{
      thread_id: nil,
      codex_opts: codex_opts,
      thread_opts: thread_opts
    }

    {:ok, thread}
  end

  @spec resume_thread(String.t(), Codex.Options.t(), Codex.Thread.Options.t()) ::
    {:ok, Thread.t()}
  def resume_thread(thread_id, codex_opts \\ %Codex.Options{}, thread_opts \\ %Codex.Thread.Options{}) do
    thread = %Thread{
      thread_id: thread_id,
      codex_opts: codex_opts,
      thread_opts: thread_opts
    }

    {:ok, thread}
  end
end
lib/codex/thread.ex:
defmodule Codex.Thread do
  @moduledoc "Manages conversation threads"

  defstruct [:thread_id, :codex_opts, :thread_opts]

  @type t :: %__MODULE__{
    thread_id: String.t() | nil,
    codex_opts: Codex.Options.t(),
    thread_opts: Codex.Thread.Options.t()
  }

  @spec run(t(), String.t(), Codex.Turn.Options.t()) ::
    {:ok, Codex.Turn.Result.t()} | {:error, term()}
  def run(_thread, _input, _opts \\ %Codex.Turn.Options{}) do
    raise "Not implemented"
  end

  @spec run_streamed(t(), String.t(), Codex.Turn.Options.t()) ::
    {:ok, Enumerable.t()} | {:error, term()}
  def run_streamed(_thread, _input, _opts \\ %Codex.Turn.Options{}) do
    raise "Not implemented"
  end
end
Acceptance Criteria
	[ ] All modules compile
	[ ] Stubs defined with typespecs
	[ ] Documentation stubs present
	[ ] Basic tests passing
	[ ] Dialyzer clean


Phase 1.5: OutputSchemaFile Utility (Day 5)
Tests to Write
test/codex/output_schema_file_test.exs:
defmodule Codex.OutputSchemaFileTest do
  use ExUnit.Case, async: true

  describe "create/1" do
    test "returns nil path for nil schema" do
      assert {:ok, {nil, cleanup}} = Codex.OutputSchemaFile.create(nil)
      assert is_function(cleanup, 0)
      cleanup.()
    end

    test "creates temp file with schema" do
      schema = %{"type" => "object", "properties" => %{}}

      assert {:ok, {path, cleanup}} = Codex.OutputSchemaFile.create(schema)
      assert is_binary(path)
      assert File.exists?(path)

      # Verify content
      {:ok, content} = File.read(path)
      assert Jason.decode!(content) == schema

      # Cleanup removes file
      cleanup.()
      refute File.exists?(path)
    end

    test "cleanup is idempotent" do
      schema = %{"type" => "object"}

      assert {:ok, {_path, cleanup}} = Codex.OutputSchemaFile.create(schema)

      cleanup.()
      cleanup.()  # Should not crash
    end

    test "returns error for invalid schema" do
      assert {:error, _} = Codex.OutputSchemaFile.create("not a map")
    end
  end
end
Implementation
lib/codex/output_schema_file.ex:
defmodule Codex.OutputSchemaFile do
  @moduledoc "Helper for managing JSON schema temporary files"

  @spec create(map() | nil) :: {:ok, {String.t() | nil, function()}} | {:error, term()}
  def create(nil) do
    cleanup = fn -> :ok end
    {:ok, {nil, cleanup}}
  end

  def create(schema) when is_map(schema) do
    # Implementation...
  end

  def create(_), do: {:error, :invalid_schema}
end
Acceptance Criteria
	[ ] Handles nil schema
	[ ] Creates temp file
	[ ] Writes JSON correctly
	[ ] Cleanup removes file
	[ ] Tests passing


Sprint 2: Exec GenServer Implementation
Duration: Week 2
Focus: Process management, Port communication, event parsing
Phase 2.1: GenServer Skeleton (Day 6)
Tests to Write
test/codex/exec_test.exs:
defmodule Codex.ExecTest do
  use ExUnit.Case, async: true
  use Supertester

  describe "start_link/1" do
    test "starts GenServer successfully" do
      opts = [
        input: "Hello",
        codex_path: "/bin/true"  # Use /bin/true for testing
      ]

      assert {:ok, pid} = Codex.Exec.start_link(opts)
      assert Process.alive?(pid)

      GenServer.stop(pid)
    end

    test "returns error for missing codex binary" do
      opts = [
        input: "Hello",
        codex_path: "/nonexistent/codex"
      ]

      assert {:error, _} = Codex.Exec.start_link(opts)
    end
  end

  describe "init/1" do
    test "spawns port with correct arguments" do
      # Test with mock that logs spawn args
      # Verify Port.open called with correct args
    end
  end
end
Implementation
lib/codex/exec.ex:
defmodule Codex.Exec do
  use GenServer
  require Logger

  defstruct [
    :port,
    :caller,
    :ref,
    buffer: "",
    exit_status: nil,
    stderr_buffer: ""
  ]

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

  @impl true
  def init(opts) do
    # Validate codex path exists
    # Build command args
    # Spawn port
    # Send telemetry
    {:ok, %__MODULE__{}}
  end

  @impl true
  def terminate(reason, state) do
    # Close port
    # Send telemetry
    :ok
  end
end
Acceptance Criteria
	[ ] GenServer starts successfully
	[ ] Port spawned
	[ ] Validation works
	[ ] Tests passing with Supertester


Phase 2.2: Port Communication (Day 7-8)
Tests to Write
defmodule Codex.Exec.PortTest do
  use ExUnit.Case, async: true
  use Supertester

  describe "stdin writing" do
    test "writes input to port" do
      # Use echo command to test stdin
      opts = [
        input: "test input",
        codex_path: "/bin/cat"
      ]

      {:ok, pid} = Codex.Exec.start_link(opts)

      # Assert output received
      assert_receive {:stdout, "test input"}

      GenServer.stop(pid)
    end
  end

  describe "stdout reading" do
    test "receives data from port" do
      # Use script that outputs known data
    end

    test "handles incomplete lines" do
      # Test buffer accumulation
    end
  end

  describe "stderr handling" do
    test "accumulates stderr" do
      # Test stderr capture
    end
  end

  describe "exit status" do
    test "receives exit status 0" do
      # Test successful exit
    end

    test "receives non-zero exit status" do
      # Test failure exit
    end
  end
end
Implementation
@impl true
def handle_info({port, {:data, data}}, %{port: port} = state) do
  # Append to buffer
  # Split on newlines
  # Process complete lines
  # Keep incomplete line in buffer
  {:noreply, state}
end

@impl true
def handle_info({port, {:exit_status, status}}, %{port: port} = state) do
  # Handle exit
  # Send final events
  {:stop, :normal, state}
end
Acceptance Criteria
	[ ] Stdin writing works
	[ ] Stdout reading works
	[ ] Line buffering correct
	[ ] Exit status captured
	[ ] Tests passing


Phase 2.3: Event Parsing (Day 9)
Tests to Write
defmodule Codex.Exec.ParserTest do
  use ExUnit.Case, async: true

  describe "parse_event/1" do
    test "parses ThreadStarted event" do
      json = ~s({"type":"thread.started","thread_id":"thread_123"})

      assert {:ok, event} = Codex.Exec.Parser.parse_event(json)
      assert %Codex.Events.ThreadStarted{} = event
      assert event.thread_id == "thread_123"
    end

    test "parses ItemCompleted with AgentMessage" do
      json = ~s({"type":"item.completed","item":{"id":"msg_1","type":"agent_message","text":"Hello"}})

      assert {:ok, event} = Codex.Exec.Parser.parse_event(json)
      assert %Codex.Events.ItemCompleted{} = event
      assert %Codex.Items.AgentMessage{} = event.item
    end

    test "returns error for invalid JSON" do
      assert {:error, _} = Codex.Exec.Parser.parse_event("invalid")
    end

    test "returns error for unknown event type" do
      json = ~s({"type":"unknown.event"})
      assert {:error, _} = Codex.Exec.Parser.parse_event(json)
    end
  end
end
Implementation
lib/codex/exec/parser.ex:
defmodule Codex.Exec.Parser do
  @moduledoc "Parses JSONL events from codex-rs"

  def parse_event(line) do
    with {:ok, json} <- Jason.decode(line),
         {:ok, event} <- build_event(json) do
      {:ok, event}
    end
  end

  defp build_event(%{"type" => "thread.started"} = json) do
    # Build ThreadStarted struct
  end

  # More event builders...
end
Acceptance Criteria
	[ ] All event types parsed
	[ ] All item types parsed
	[ ] Error handling works
	[ ] Tests passing


Phase 2.4: Integration (Day 10)
Tests to Write
defmodule Codex.Exec.IntegrationTest do
  use ExUnit.Case, async: true
  use Supertester

  @moduletag :integration

  test "full turn execution with mock script" do
    # Create mock script that emits test events
    script_path = create_mock_script()

    opts = [
      input: "test",
      codex_path: script_path
    ]

    {:ok, pid} = Codex.Exec.start_link(opts)
    ref = Codex.Exec.run_turn(pid)

    # Assert events received in order
    assert_receive {:event, ^ref, %Codex.Events.ThreadStarted{}}
    assert_receive {:event, ^ref, %Codex.Events.TurnStarted{}}
    assert_receive {:event, ^ref, %Codex.Events.ItemStarted{}}
    assert_receive {:event, ^ref, %Codex.Events.ItemCompleted{}}
    assert_receive {:event, ^ref, %Codex.Events.TurnCompleted{}}
    assert_receive {:done, ^ref}

    GenServer.stop(pid)
  end

  defp create_mock_script do
    # Write shell script that outputs test events
  end
end
Acceptance Criteria
	[ ] Full turn execution works
	[ ] Events in correct order
	[ ] Cleanup works
	[ ] Tests passing


Sprint 3: Thread Management
Duration: Week 3
Focus: Turn execution, streaming, option handling
Phase 3.1: Blocking Turn Execution (Day 11-12)
Tests to Write
defmodule Codex.Thread.RunTest do
  use ExUnit.Case, async: true
  use Supertester

  describe "run/3" do
    test "executes turn and returns result" do
      thread = %Codex.Thread{
        thread_id: nil,
        codex_opts: %Codex.Options{},
        thread_opts: %Codex.Thread.Options{}
      }

      # Mock Exec to return test events
      with_mock_exec(fn ->
        assert {:ok, result} = Codex.Thread.run(thread, "Hello")

        assert %Codex.Turn.Result{} = result
        assert result.final_response == "Hello, world!"
        assert length(result.items) > 0
        assert result.usage.input_tokens > 0
      end)
    end

    test "populates thread_id after first turn" do
      thread = %Codex.Thread{thread_id: nil, ...}

      with_mock_exec(fn ->
        {:ok, updated_thread, _result} = Codex.Thread.run(thread, "Hello")

        assert updated_thread.thread_id == "thread_123"
      end)
    end

    test "handles turn failure" do
      thread = %Codex.Thread{...}

      with_mock_exec(fn ->
        assert {:error, {:turn_failed, error}} = Codex.Thread.run(thread, "Bad input")
        assert error.message =~ "error"
      end)
    end
  end
end
Implementation
def run(%Thread{} = thread, input, opts \\ %Codex.Turn.Options{}) do
  {schema_path, cleanup} = OutputSchemaFile.create(opts.output_schema)

  try do
    {:ok, pid} = Exec.start_link(build_exec_opts(thread, input, schema_path))
    ref = Exec.run_turn(pid)

    result = collect_events(pid, ref)

    {:ok, result}
  after
    cleanup.()
  end
end

defp collect_events(pid, ref) do
  # Accumulate events until done
  # Build TurnResult
end
Acceptance Criteria
	[ ] Turn execution works
	[ ] Result accumulated correctly
	[ ] Thread ID updated
	[ ] Errors handled
	[ ] Tests passing


Phase 3.2: Streaming Turn Execution (Day 13-14)
Tests to Write
defmodule Codex.Thread.StreamedTest do
  use ExUnit.Case, async: true
  use Supertester

  describe "run_streamed/3" do
    test "returns stream of events" do
      thread = %Codex.Thread{...}

      with_mock_exec(fn ->
        assert {:ok, stream} = Codex.Thread.run_streamed(thread, "Hello")

        events = Enum.to_list(stream)

        assert length(events) > 0
        assert %Codex.Events.ThreadStarted{} = hd(events)
        assert %Codex.Events.TurnCompleted{} = List.last(events)
      end)
    end

    test "stream is lazy" do
      # Verify events not processed until consumed
    end

    test "stream cleanup on halt" do
      # Verify resources cleaned up if stream halted early
    end
  end
end
Implementation
def run_streamed(%Thread{} = thread, input, opts \\ %Codex.Turn.Options{}) do
  {schema_path, cleanup} = OutputSchemaFile.create(opts.output_schema)

  stream = Stream.resource(
    fn -> start_turn(thread, input, schema_path, cleanup) end,
    fn state -> fetch_next_event(state) end,
    fn state -> cleanup_turn(state) end
  )

  {:ok, stream}
end
Acceptance Criteria
	[ ] Stream returns events
	[ ] Lazy evaluation
	[ ] Cleanup works
	[ ] Tests passing


Phase 3.3: Option Handling (Day 15)
Tests to Write
describe "option passing" do
  test "passes codex options to exec" do
    # Test API key, base URL passed
  end

  test "passes thread options to exec" do
    # Test model, sandbox, working directory
  end

  test "passes turn options to exec" do
    # Test output schema
  end
end
Acceptance Criteria
	[ ] All options passed correctly
	[ ] Environment variables set
	[ ] Command args correct
	[ ] Tests passing


Sprint 4: Integration and Polish
Duration: Week 4
Focus: End-to-end tests, examples, documentation, CI/CD
Phase 4.1: Integration Tests (Day 16-17)
Tests to Write
defmodule Codex.IntegrationTest do
  use ExUnit.Case
  use Supertester

  @moduletag :integration

  describe "complete workflow" do
    test "start thread, run turn, get result" do
      {:ok, thread} = Codex.start_thread()

      {:ok, result} = Codex.Thread.run(thread, "Say hello")

      assert result.final_response =~ "hello"
    end

    test "multiple turns in same thread" do
      {:ok, thread} = Codex.start_thread()

      {:ok, result1} = Codex.Thread.run(thread, "Say hello")
      {:ok, result2} = Codex.Thread.run(thread, "Say goodbye")

      assert result2.items |> length() > 0
    end

    test "resume thread" do
      {:ok, thread1} = Codex.start_thread()
      {:ok, _result} = Codex.Thread.run(thread1, "Remember: banana")

      # Resume with same ID
      {:ok, thread2} = Codex.resume_thread(thread1.thread_id)
      {:ok, result} = Codex.Thread.run(thread2, "What should I remember?")

      assert result.final_response =~ "banana"
    end

    test "structured output" do
      schema = %{
        "type" => "object",
        "properties" => %{
          "message" => %{"type" => "string"}
        }
      }

      {:ok, thread} = Codex.start_thread()

      {:ok, result} = Codex.Thread.run(
        thread,
        "Say hello in JSON",
        %Codex.Turn.Options{output_schema: schema}
      )

      assert {:ok, json} = Jason.decode(result.final_response)
      assert json["message"]
    end
  end
end
Acceptance Criteria
	[ ] All integration tests passing
	[ ] Real codex-rs tested (when available)
	[ ] Mock tests passing
	[ ] Coverage > 95%


Phase 4.2: Examples (Day 18)
Create example scripts:
	examples/basic.exs: Simple conversation
	examples/streaming.exs: Real-time event processing
	examples/structured_output.exs: JSON schema usage
	examples/multi_turn.exs: Extended conversation
	examples/file_operations.exs: File change tracking

Each example should:
	[ ] Be runnable with mix run examples/X.exs
	[ ] Include comments explaining each step
	[ ] Demonstrate best practices
	[ ] Handle errors gracefully


Phase 4.3: Documentation Polish (Day 19)
Tasks:
	[ ] Complete all @doc and @moduledoc
	[ ] Add @spec for all public functions
	[ ] Generate ExDoc HTML
	[ ] Review and update all guides
	[ ] Add diagrams where helpful
	[ ] Create CHANGELOG.md
	[ ] Update README with current status


Phase 4.4: CI/CD and Release (Day 20)
Tasks:
	[ ] Ensure CI passing
	[ ] Run Dialyzer (zero warnings)
	[ ] Run Credo (zero issues)
	[ ] Check test coverage (>95%)
	[ ] Review security (no hardcoded secrets)
	[ ] Tag v0.1.0
	[ ] Publish to Hex.pm
	[ ] Generate and publish docs to HexDocs


Testing Strategy Summary
Test Categories
	Unit Tests: Test individual functions in isolation
	All async: true
	Use Supertester for OTP testing
	Mock external dependencies
	Fast (< 1ms per test)


	Integration Tests: Test component interactions
	Tagged :integration
	Use mock codex-rs script
	Test full workflows
	Medium speed (< 100ms per test)


	Live Tests: Test with real codex-rs
	Tagged :live
	Require API key via env var
	Optional (skip in CI)
	Slow (seconds per test)



Coverage Goals
	Overall: 95%+
	Core modules: 100% (Codex, Thread, Exec)
	Types: 100% (Events, Items, Options)
	Utilities: 90%+

Test Infrastructure
Supertester Setup:
# test/support/supertester_helpers.ex
defmodule CodexSdk.SupertesterHelpers do
  use Supertester

  def with_mock_exec(fun) do
    # Helper to mock Exec GenServer
  end

  def mock_events(events) do
    # Helper to emit mock events
  end
end
Mox Setup:
# test/support/mocks.ex
Mox.defmock(CodexSdk.ExecMock, for: CodexSdk.ExecBehaviour)

Milestones
M1: Types Complete (End of Sprint 1)
	[x] All TypedStructs defined
	[x] JSON encoding working
	[x] Module stubs created
	[x] Tests passing

M2: Exec Working (End of Sprint 2)
	[ ] Exec GenServer functional
	[ ] Port communication working
	[ ] Event parsing complete
	[ ] Integration tests passing

M3: API Complete (End of Sprint 3)
	[ ] Blocking turns working
	[ ] Streaming turns working
	[ ] All options supported
	[ ] Full test coverage

M4: Production Ready (End of Sprint 4)
	[ ] All tests passing
	[ ] Documentation complete
	[ ] Examples working
	[ ] Published to Hex.pm


Risk Management
Known Risks
	codex-rs changes: TypeScript SDK may change
	Mitigation: Pin to specific version, test with multiple versions


	Port communication complexity: Edge cases in JSONL parsing
	Mitigation: Comprehensive parser tests, fuzzing


	Process cleanup: Resource leaks on crashes
	Mitigation: Chaos tests, supervision review


	Test determinism: Flaky tests with OTP
	Mitigation: Supertester, no Process.sleep, proper sync



Contingency Plans
	Behind schedule: Cut streaming mode to v1.1
	Critical bugs: Focus on blocking mode first
	API changes: Document breaking changes, version clearly


Definition of Done
A feature is complete when:
	[ ] Tests written first (TDD)
	[ ] Tests passing (async: true)
	[ ] Code documented (@doc, @moduledoc, @spec)
	[ ] Dialyzer clean
	[ ] Credo clean
	[ ] Coverage maintained (>95%)
	[ ] Reviewed by team
	[ ] Examples updated
	[ ] Changelog updated


Success Metrics
Quantitative
	95%+ test coverage
	100% Dialyzer clean
	100% Credo compliant
	< 5 minute full test suite
	< 50ms average test time
	Zero flaky tests

Qualitative
	Clear, readable code
	Comprehensive documentation
	Helpful error messages
	Easy to use API
	Well-commented examples
	Positive community feedback


Next Steps After MVP
v0.2.0 Features
	[ ] Telemetry documentation
	[ ] Supervision tree examples
	[ ] Performance benchmarks
	[ ] Phoenix LiveView integration

v0.3.0 Features
	[ ] Persistent event logging
	[ ] Custom event handlers API
	[ ] Advanced streaming modes
	[ ] WebSocket support (if codex-rs adds it)

v1.0.0 Criteria
	[ ] 6+ months in production
	[ ] Stable API (no breaking changes)
	[ ] Comprehensive docs
	[ ] Active maintenance
	[ ] Community adoption



  

  
    
    Testing Strategy - Codex SDK v0.1.0
    
    

    


  
  

    Testing Strategy

Overview
The Elixir Codex SDK follows a comprehensive test-driven development (TDD) approach using Supertester for deterministic OTP testing. This document outlines our testing philosophy, strategies, tools, and best practices.
Testing Philosophy
Core Principles
	Test First: Write tests before implementation
	Deterministic: Zero flaky tests, zero Process.sleep
	Fast: Full suite < 5 minutes, average test < 50ms
	Comprehensive: 95%+ coverage, all edge cases
	Maintainable: Clear, readable, well-organized tests
	Async: All tests run with async: true where possible

Red-Green-Refactor Cycle
	Red: Write a failing test that defines desired behavior
	Green: Write minimal code to make test pass
	Refactor: Improve code quality while keeping tests green
	Repeat: Continue with next feature

Test Categories
1. Unit Tests
Purpose: Test individual functions and modules in isolation.
Characteristics:
	Run with async: true
	Mock all external dependencies
	Focus on single responsibility
	Fast (< 1ms per test)
	High coverage of edge cases

Example:
defmodule Codex.EventsTest do
  use ExUnit.Case, async: true

  describe "ThreadStarted" do
    test "creates struct with required fields" do
      event = %Codex.Events.ThreadStarted{
        type: :thread_started,
        thread_id: "thread_abc123"
      }

      assert event.type == :thread_started
      assert event.thread_id == "thread_abc123"
    end

    test "enforces required fields" do
      assert_raise ArgumentError, fn ->
        %Codex.Events.ThreadStarted{}
      end
    end
  end
end
2. Integration Tests
Purpose: Test interactions between components.
Characteristics:
	Tagged :integration
	Use mock codex-rs script
	Test full workflows
	Medium speed (< 100ms per test)
	May run synchronously

Example:
defmodule Codex.Thread.IntegrationTest do
  use ExUnit.Case
  use Supertester

  @moduletag :integration

  test "full turn execution with mock codex" do
    mock_script = create_mock_codex_script([
      ~s({"type":"thread.started","thread_id":"thread_123"}),
      ~s({"type":"turn.started"}),
      ~s({"type":"item.completed","item":{"id":"1","type":"agent_message","text":"Hello"}}),
      ~s({"type":"turn.completed","usage":{"input_tokens":10,"cached_input_tokens":0,"output_tokens":5}})
    ])

    codex_opts = %Codex.Options{codex_path_override: mock_script}
    {:ok, thread} = Codex.start_thread(codex_opts)

    {:ok, result} = Codex.Thread.run(thread, "test input")

    assert result.final_response == "Hello"
    assert result.usage.input_tokens == 10
    assert thread.thread_id == "thread_123"

    File.rm!(mock_script)
  end

  defp create_mock_codex_script(events) do
    script = """
    #!/bin/bash
    #{Enum.map_join(events, "\n", &"echo '#{&1}'")}
    """

    path = Path.join(System.tmp_dir!(), "mock_codex_#{:rand.uniform(10000)}")
    File.write!(path, script)
    File.chmod!(path, 0o755)
    path
  end
end
3. Live Tests
Purpose: Test against real codex-rs binary and OpenAI API.
Characteristics:
	Tagged :live
	Require API key via environment variable
	Optional (skip in CI by default)
	Slow (seconds per test)
	Useful for validation and debugging

Example:
defmodule Codex.LiveTest do
  use ExUnit.Case

  @moduletag :live
  @moduletag timeout: 60_000

  setup do
    unless System.get_env("CODEX_API_KEY") do
      ExUnit.configure(exclude: [:live])
    end

    :ok
  end

  test "real turn execution" do
    {:ok, thread} = Codex.start_thread()

    {:ok, result} = Codex.Thread.run(thread, "Say 'test successful' and nothing else")

    assert result.final_response =~ "test successful"
    assert result.usage.input_tokens > 0
  end
end
4. Property Tests
Purpose: Test properties that should hold for all inputs.
Characteristics:
	Use StreamData for generation
	Test invariants and laws
	Discover edge cases automatically
	Run many iterations

Example:
defmodule Codex.Events.PropertyTest do
  use ExUnit.Case, async: true
  use ExUnitProperties

  property "all events encode and decode correctly" do
    check all event <- event_generator() do
      json = Jason.encode!(event)
      {:ok, decoded} = Jason.decode(json)

      assert decoded["type"] in [
        "thread.started", "turn.started", "turn.completed",
        "turn.failed", "item.started", "item.updated",
        "item.completed", "error"
      ]
    end
  end

  defp event_generator do
    gen all type <- member_of([:thread_started, :turn_started, :turn_completed]),
            thread_id <- string(:alphanumeric, min_length: 1, max_length: 50) do
      case type do
        :thread_started ->
          %Codex.Events.ThreadStarted{
            type: :thread_started,
            thread_id: thread_id
          }

        :turn_started ->
          %Codex.Events.TurnStarted{type: :turn_started}

        :turn_completed ->
          %Codex.Events.TurnCompleted{
            type: :turn_completed,
            usage: %Codex.Events.Usage{
              input_tokens: 10,
              cached_input_tokens: 0,
              output_tokens: 5
            }
          }
      end
    end
  end
end
5. Chaos Tests
Purpose: Test system resilience under adverse conditions.
Characteristics:
	Simulate process crashes
	Test resource cleanup
	Verify supervision behavior
	Test under high load

Example:
defmodule Codex.ChaosTest do
  use ExUnit.Case
  use Supertester

  describe "resilience" do
    test "handles Exec GenServer crash during turn" do
      {:ok, thread} = Codex.start_thread()

      # Start turn in separate process
      task = Task.async(fn ->
        Codex.Thread.run(thread, "test")
      end)

      # Give it time to start
      Process.sleep(50)

      # Find and kill the Exec GenServer
      [{exec_pid, _}] = Registry.lookup(CodexSdk.ExecRegistry, thread.thread_id)
      Process.exit(exec_pid, :kill)

      # Should return error, not crash
      assert {:error, _} = Task.await(task)
    end

    test "cleans up resources on early stream halt" do
      {:ok, thread} = Codex.start_thread()
      {:ok, stream} = Codex.Thread.run_streamed(thread, "test")

      # Track temp files before
      temp_files_before = count_temp_files()

      # Take only first event, halting stream early
      [_first_event | _] = Enum.take(stream, 1)

      # Give cleanup time
      Process.sleep(100)

      # Verify no temp files leaked
      temp_files_after = count_temp_files()
      assert temp_files_after <= temp_files_before
    end

    defp count_temp_files do
      Path.wildcard(Path.join(System.tmp_dir!(), "codex-output-schema-*"))
      |> length()
    end
  end
end
Supertester Integration
Why Supertester?
Supertester provides deterministic OTP testing without Process.sleep. It enables:
	Proper Synchronization: Wait for actual conditions, not arbitrary timeouts
	Async Safety: All tests can run async: true
	Clear Assertions: Readable test code with helpful error messages
	Zero Flakes: Deterministic behavior eliminates timing issues

Basic Usage
defmodule Codex.Exec.SupertesterTest do
  use ExUnit.Case, async: true
  use Supertester

  test "GenServer receives message" do
    {:ok, pid} = Codex.Exec.start_link(...)

    # Send message
    send(pid, {:test, self()})

    # Wait for response (not Process.sleep!)
    assert_receive {:response, value}
    assert value == :expected
  end

  test "GenServer state changes" do
    {:ok, pid} = Codex.Exec.start_link(...)

    # Trigger state change
    GenServer.call(pid, :change_state)

    # Assert state changed
    assert :sys.get_state(pid).changed == true
  end
end
Advanced Patterns
Testing Async Workflows:
test "async event processing" do
  {:ok, pid} = Codex.Exec.start_link(...)

  ref = make_ref()
  GenServer.cast(pid, {:process, ref, self()})

  # Wait for specific message pattern
  assert_receive {:processed, ^ref, result}, 1000
  assert result.success
end
Testing Supervision:
test "supervised restart" do
  {:ok, sup} = Codex.Supervisor.start_link()

  # Get child pid
  [{:undefined, pid, :worker, _}] = Supervisor.which_children(sup)

  # Kill child
  Process.exit(pid, :kill)

  # Wait for restart
  eventually(fn ->
    [{:undefined, new_pid, :worker, _}] = Supervisor.which_children(sup)
    assert new_pid != pid
    assert Process.alive?(new_pid)
  end)
end
Mock Strategies
1. Mox for Protocols
When: Testing modules that depend on behaviors.
Example:
# Define behavior
defmodule Codex.ExecBehaviour do
  @callback run_turn(pid(), String.t(), map()) :: reference()
  @callback get_events(pid(), reference()) :: [Codex.Events.t()]
end

# Define mock in test_helper.exs
Mox.defmock(Codex.ExecMock, for: Codex.ExecBehaviour)

# Use in tests
test "thread uses exec" do
  Mox.expect(Codex.ExecMock, :run_turn, fn _pid, input, _opts ->
    assert input == "test"
    make_ref()
  end)

  Mox.expect(Codex.ExecMock, :get_events, fn _pid, _ref ->
    [
      %Codex.Events.ThreadStarted{...},
      %Codex.Events.TurnCompleted{...}
    ]
  end)

  # Test with mock
  thread = %Codex.Thread{exec: Codex.ExecMock, ...}
  {:ok, result} = Codex.Thread.run(thread, "test")
end
2. Mock Scripts for Exec
When: Testing Exec GenServer with controlled output.
Example:
defmodule MockCodexScript do
  def create(events) when is_list(events) do
    script_content = """
    #!/bin/bash
    # Read stdin (ignore for mock)
    cat > /dev/null

    # Output events
    #{Enum.map_join(events, "\n", &"echo '#{&1}'")}

    exit 0
    """

    path = Path.join(System.tmp_dir!(), "mock_codex_#{System.unique_integer([:positive])}.sh")
    File.write!(path, script_content)
    File.chmod!(path, 0o755)

    path
  end

  def cleanup(path) do
    File.rm(path)
  end
end

# Usage in tests
test "exec processes events" do
  events = [
    Jason.encode!(%{type: "thread.started", thread_id: "t1"}),
    Jason.encode!(%{type: "turn.completed", usage: %{input_tokens: 5}})
  ]

  script = MockCodexScript.create(events)

  try do
    {:ok, pid} = Codex.Exec.start_link(codex_path: script, input: "test")
    # ... test assertions
  after
    MockCodexScript.cleanup(script)
  end
end
3. Test Doubles for Data
When: Testing with known data structures.
Example:
defmodule Codex.Fixtures do
  def thread_started_event(thread_id \\ "thread_test123") do
    %Codex.Events.ThreadStarted{
      type: :thread_started,
      thread_id: thread_id
    }
  end

  def agent_message_item(text \\ "Hello") do
    %Codex.Items.AgentMessage{
      id: "msg_#{System.unique_integer([:positive])}",
      type: :agent_message,
      text: text
    }
  end

  def complete_turn_result do
    %Codex.Turn.Result{
      items: [agent_message_item()],
      final_response: "Hello",
      usage: %Codex.Events.Usage{
        input_tokens: 10,
        cached_input_tokens: 0,
        output_tokens: 5
      }
    }
  end
end
Coverage Goals
Overall Coverage: 95%+
Per Module:
	Core modules (Codex, Thread, Exec): 100%
	Type modules (Events, Items, Options): 100%
	Utility modules (OutputSchemaFile): 95%
	Test support modules: 80%

Coverage Tool: ExCoveralls
Configuration in mix.exs:
def project do
  [
    test_coverage: [tool: ExCoveralls],
    preferred_cli_env: [
      coveralls: :test,
      "coveralls.detail": :test,
      "coveralls.post": :test,
      "coveralls.html": :test
    ]
  ]
end
Commands:
# Run tests with coverage
mix coveralls

# Detailed coverage report
mix coveralls.detail

# HTML coverage report
mix coveralls.html

# CI coverage (upload to Coveralls.io)
mix coveralls.github

Coverage Exceptions
Some code is deliberately excluded:
# coveralls-ignore-start
def debug_helper do
  # Only used in development
end
# coveralls-ignore-stop
Test Organization
Directory Structure
test/
├── codex_test.exs                    # Codex module tests
├── codex/
│   ├── thread_test.exs              # Thread module tests
│   ├── exec_test.exs                # Exec GenServer tests
│   ├── exec/
│   │   ├── parser_test.exs          # Event parser tests
│   │   └── integration_test.exs     # Exec integration tests
│   ├── events_test.exs              # Event type tests
│   ├── items_test.exs               # Item type tests
│   ├── options_test.exs             # Option struct tests
│   └── output_schema_file_test.exs  # Schema file helper tests
├── integration/
│   ├── basic_workflow_test.exs      # End-to-end workflows
│   ├── streaming_test.exs           # Streaming workflows
│   └── error_scenarios_test.exs     # Error handling
├── live/
│   └── real_codex_test.exs          # Tests with real API
├── property/
│   ├── events_property_test.exs     # Event properties
│   └── parsing_property_test.exs    # Parser properties
├── chaos/
│   └── resilience_test.exs          # Chaos engineering
├── support/
│   ├── fixtures.ex                  # Test data fixtures
│   ├── mock_codex_script.ex         # Mock script helper
│   └── supertester_helpers.ex       # Supertester utilities
└── test_helper.exs                  # Test configuration
File Naming
	*_test.exs: Standard tests
	*_integration_test.exs: Integration tests
	*_property_test.exs: Property-based tests

Test Naming
Descriptive Names:
# Good
test "returns error when codex binary not found"
test "accumulates events until turn completes"
test "cleans up temp files on early stream halt"

# Bad
test "it works"
test "error case"
test "cleanup"
Describe Blocks:
describe "run/3" do
  test "executes turn successfully" do
    # ...
  end

  test "handles API errors gracefully" do
    # ...
  end
end

describe "run/3 with output schema" do
  test "creates temporary schema file" do
    # ...
  end

  test "cleans up schema file after turn" do
    # ...
  end
end
Assertions and Matchers
Standard Assertions
# Equality
assert result == expected
refute result == unexpected

# Pattern matching
assert %Codex.Events.ThreadStarted{thread_id: id} = event
assert id =~ ~r/thread_\w+/

# Boolean
assert Process.alive?(pid)
assert File.exists?(path)

# Membership
assert value in list
assert Map.has_key?(map, :key)

# Exceptions
assert_raise ArgumentError, fn ->
  %Codex.Events.ThreadStarted{}
end

# Messages
assert_receive {:event, ^ref, event}, 1000
refute_received {:error, _}
Custom Assertions
defmodule CodexSdk.Assertions do
  import ExUnit.Assertions

  def assert_valid_thread_id(thread_id) do
    assert is_binary(thread_id), "thread_id must be a string"
    assert String.starts_with?(thread_id, "thread_"), "thread_id must start with 'thread_'"
    assert String.length(thread_id) > 7, "thread_id must have content after prefix"
  end

  def assert_complete_turn_result(result) do
    assert %Codex.Turn.Result{} = result
    assert is_list(result.items)
    assert is_binary(result.final_response)
    assert %Codex.Events.Usage{} = result.usage
    assert result.usage.input_tokens > 0
  end

  def assert_events_in_order(events, expected_types) do
    actual_types = Enum.map(events, & &1.type)
    assert actual_types == expected_types,
      "Events out of order.\nExpected: #{inspect(expected_types)}\nActual: #{inspect(actual_types)}"
  end
end
Error Testing
Expected Errors
test "returns error for invalid schema" do
  thread = %Codex.Thread{...}

  result = Codex.Thread.run(
    thread,
    "test",
    %Codex.Turn.Options{output_schema: "invalid"}
  )

  assert {:error, {:invalid_schema, _}} = result
end
Error Propagation
test "propagates turn failure from codex" do
  mock_script = create_failing_mock([
    ~s({"type":"thread.started","thread_id":"t1"}),
    ~s({"type":"turn.failed","error":{"message":"API error"}})
  ])

  codex_opts = %Codex.Options{codex_path_override: mock_script}
  {:ok, thread} = Codex.start_thread(codex_opts)

  result = Codex.Thread.run(thread, "test")

  assert {:error, {:turn_failed, error}} = result
  assert error.message == "API error"
end
Error Recovery
test "recovers from transient errors" do
  # Test retry logic, fallbacks, etc.
end
Performance Testing
Timing Assertions
test "parses event in under 1ms" do
  event_json = ~s({"type":"thread.started","thread_id":"t1"})

  {time_us, result} = :timer.tc(fn ->
    Codex.Exec.Parser.parse_event(event_json)
  end)

  assert {:ok, _event} = result
  assert time_us < 1000, "Parsing took #{time_us}µs, expected < 1000µs"
end
Load Testing
test "handles 100 concurrent turns" do
  threads = for _ <- 1..100 do
    {:ok, thread} = Codex.start_thread()
    thread
  end

  tasks = for thread <- threads do
    Task.async(fn ->
      Codex.Thread.run(thread, "test")
    end)
  end

  results = Task.await_many(tasks, 30_000)

  assert Enum.all?(results, fn
    {:ok, _} -> true
    _ -> false
  end)
end
Memory Testing
test "streaming does not accumulate memory" do
  {:ok, thread} = Codex.start_thread()
  {:ok, stream} = Codex.Thread.run_streamed(thread, "generate 1000 items")

  memory_before = :erlang.memory(:total)

  # Consume stream
  Enum.each(stream, fn _ -> :ok end)

  memory_after = :erlang.memory(:total)
  memory_delta = memory_after - memory_before

  # Should be roughly constant (< 1MB growth)
  assert memory_delta < 1_000_000,
    "Memory grew by #{memory_delta} bytes, expected < 1MB"
end
CI/CD Integration
GitHub Actions Workflow
name: CI

on: [push, pull_request]

jobs:
  test:
    runs-on: ubuntu-latest
    strategy:
      matrix:
        elixir: ['1.14', '1.15', '1.16']
        otp: ['25', '26', '27']

    steps:
      - uses: actions/checkout@v3

      - name: Setup Elixir
        uses: erlef/setup-beam@v1
        with:
          elixir-version: ${{ matrix.elixir }}
          otp-version: ${{ matrix.otp }}

      - name: Restore dependencies cache
        uses: actions/cache@v3
        with:
          path: deps
          key: ${{ runner.os }}-mix-${{ hashFiles('**/mix.lock') }}
          restore-keys: ${{ runner.os }}-mix-

      - name: Install dependencies
        run: mix deps.get

      - name: Run tests
        run: mix test --exclude live

      - name: Run integration tests
        run: mix test --only integration

      - name: Check coverage
        run: mix coveralls.github
        env:
          GITHUB_TOKEN: ${{ secrets.GITHUB_TOKEN }}

      - name: Run Dialyzer
        run: mix dialyzer

      - name: Run Credo
        run: mix credo --strict
Local Pre-commit Checks
#!/bin/bash
# .git/hooks/pre-commit

echo "Running tests..."
mix test || exit 1

echo "Running Dialyzer..."
mix dialyzer || exit 1

echo "Running Credo..."
mix credo --strict || exit 1

echo "Checking coverage..."
mix coveralls || exit 1

echo "All checks passed!"

Best Practices
DO
	Write tests first - TDD approach
	Use descriptive names - Clearly state what's being tested
	Test one thing - Single responsibility per test
	Use Supertester - No Process.sleep
	Mock external deps - Fast, deterministic tests
	Test edge cases - Null, empty, invalid inputs
	Test errors - Both expected and unexpected
	Keep tests simple - Easy to understand and maintain
	Use fixtures - DRY test data
	Run tests often - Continuous feedback

DON'T
	Don't use Process.sleep - Use proper synchronization
	Don't test implementation - Test behavior, not internals
	Don't share state - Each test should be independent
	Don't skip failing tests - Fix or remove them
	Don't write flaky tests - Always reproducible
	Don't mock everything - Test real integrations when possible
	Don't ignore warnings - Keep Dialyzer clean
	Don't hardcode values - Use variables and constants
	Don't write long tests - Break into smaller tests
	Don't test external APIs - Mock or tag as :live

Troubleshooting
Flaky Tests
Symptoms: Test sometimes passes, sometimes fails.
Common Causes:
	Using Process.sleep for synchronization
	Shared state between tests
	Race conditions
	Timing assumptions

Solutions:
	Use Supertester for proper sync
	Ensure async: true is safe
	Use assert_receive with timeout
	Check for shared resources

Slow Tests
Symptoms: Tests take too long to run.
Common Causes:
	Real API calls
	Large data generation
	Inefficient algorithms
	Too much setup

Solutions:
	Mock external calls
	Use smaller test data
	Optimize code under test
	Cache expensive setup

Low Coverage
Symptoms: Coverage below target.
Common Causes:
	Missing edge case tests
	Untested error paths
	Dead code

Solutions:
	Review coverage report
	Add missing tests
	Remove dead code
	Test all branches

Conclusion
A comprehensive testing strategy is essential for building reliable, maintainable software. By following TDD principles, using Supertester for deterministic OTP testing, maintaining high coverage, and organizing tests clearly, we ensure the Elixir Codex SDK is production-ready and trustworthy.
Key takeaways:
	Test first - Write tests before implementation
	No flakes - Use proper synchronization, not sleeps
	High coverage - 95%+ with focus on critical paths
	Fast feedback - Quick test runs enable rapid iteration
	Clear organization - Well-structured tests are maintainable tests
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    API Reference

Complete API documentation for all modules in the Elixir Codex SDK.
Module Overview
	Module	Purpose
	Codex	Main entry point for starting and resuming threads
	Codex.Thread	Manages conversation threads and turn execution
	Codex.Exec	GenServer managing codex-rs process lifecycle
	Codex.Events	Event type definitions
	Codex.Items	Thread item type definitions
	Codex.Options	Configuration structs
	Codex.OutputSchemaFile	JSON schema file management


Codex
Main entry point for the Codex SDK. Use this module to create new threads or resume existing ones.
Functions
start_thread/2
Creates a new conversation thread with the Codex agent.
Signature:
@spec start_thread(Codex.Options.t(), Codex.Thread.Options.t()) ::
  {:ok, Codex.Thread.t()} | {:error, term()}
Parameters:
	codex_opts (optional): Global Codex options. Defaults to %Codex.Options{}
	thread_opts (optional): Thread-specific options. Defaults to %Codex.Thread.Options{}

Returns:
	{:ok, thread}: New thread struct ready for turn execution
	{:error, reason}: Configuration error

Examples:
# Start with defaults
{:ok, thread} = Codex.start_thread()

# Start with custom API key
codex_opts = %Codex.Options{api_key: "sk-..."}
{:ok, thread} = Codex.start_thread(codex_opts)

# Start with thread options
thread_opts = %Codex.Thread.Options{
  model: "o1",
  sandbox_mode: :read_only,
  working_directory: "/path/to/project"
}
{:ok, thread} = Codex.start_thread(%Codex.Options{}, thread_opts)

resume_thread/3
Resumes an existing conversation thread from its persisted session.
Signature:
@spec resume_thread(String.t(), Codex.Options.t(), Codex.Thread.Options.t()) ::
  {:ok, Codex.Thread.t()} | {:error, term()}
Parameters:
	thread_id: ID of the thread to resume (from ~/.codex/sessions)
	codex_opts (optional): Global Codex options
	thread_opts (optional): Thread-specific options

Returns:
	{:ok, thread}: Thread struct with existing thread_id
	{:error, reason}: Thread not found or configuration error

Examples:
# Resume with thread ID
{:ok, thread} = Codex.resume_thread("thread_abc123")

# Resume with custom options
codex_opts = %Codex.Options{base_url: "https://custom.api"}
{:ok, thread} = Codex.resume_thread("thread_abc123", codex_opts)
Notes:
	Threads are persisted in ~/.codex/sessions by codex-rs
	Thread history and context are automatically restored
	The thread_id is available after the first turn completes


Codex.Thread
Manages individual conversation threads and turn execution. Threads maintain state across multiple turns.
Type: t()
@type t() :: %Codex.Thread{
  thread_id: String.t() | nil,
  codex_opts: Codex.Options.t(),
  thread_opts: Codex.Thread.Options.t()
}
Fields:
	thread_id: Unique thread identifier (nil until first turn completes)
	codex_opts: Global Codex configuration
	thread_opts: Thread-specific configuration

Functions
run/3
Executes a turn and returns the complete result (blocking mode).
Signature:
@spec run(t(), String.t(), Codex.Turn.Options.t()) ::
  {:ok, Codex.Turn.Result.t()} | {:error, term()}
Parameters:
	thread: Thread struct from Codex.start_thread/2 or Codex.resume_thread/3
	input: Prompt or instruction for the agent
	turn_opts (optional): Turn-specific options. Defaults to %Codex.Turn.Options{}

Returns:
	{:ok, result}: Complete turn result with items, response, and usage
	{:error, {:turn_failed, error}}: Agent encountered an error
	{:error, reason}: Other error (process, configuration, etc.)

Examples:
# Basic usage
{:ok, thread} = Codex.start_thread()
{:ok, result} = Codex.Thread.run(thread, "Explain GenServers")

IO.puts(result.final_response)
# => "GenServers are..."

# With structured output
schema = %{
  "type" => "object",
  "properties" => %{
    "summary" => %{"type" => "string"},
    "key_points" => %{
      "type" => "array",
      "items" => %{"type" => "string"}
    }
  }
}

turn_opts = %Codex.Turn.Options{output_schema: schema}
{:ok, result} = Codex.Thread.run(thread, "Summarize GenServers", turn_opts)

{:ok, data} = Jason.decode(result.final_response)
IO.inspect(data["key_points"])

# Continue conversation
{:ok, result2} = Codex.Thread.run(thread, "Give me an example")
Behavior:
	Blocks until turn completes
	Accumulates all events internally
	Returns final result with all items
	Thread struct is updated with thread_id after first turn
	Subsequent calls use the same thread_id for context


run_streamed/3
Executes a turn and returns a stream of events (streaming mode).
Signature:
@spec run_streamed(t(), String.t(), Codex.Turn.Options.t()) ::
  {:ok, Enumerable.t()} | {:error, term()}
Parameters:
	thread: Thread struct
	input: Prompt or instruction
	turn_opts (optional): Turn-specific options

Returns:
	{:ok, stream}: Enumerable stream of events
	{:error, reason}: Configuration or process error

Examples:
# Basic streaming
{:ok, thread} = Codex.start_thread()
{:ok, stream} = Codex.Thread.run_streamed(thread, "Analyze this codebase")

for event <- stream do
  case event do
    %Codex.Events.ItemStarted{item: item} ->
      IO.puts("Started: #{item.type}")

    %Codex.Events.ItemCompleted{item: %{type: :agent_message, text: text}} ->
      IO.puts("Response: #{text}")

    %Codex.Events.ItemCompleted{item: %{type: :command_execution} = cmd} ->
      IO.puts("Command: #{cmd.command} (exit: #{cmd.exit_code})")

    %Codex.Events.TurnCompleted{usage: usage} ->
      IO.puts("Tokens: #{usage.input_tokens + usage.output_tokens}")

    _ ->
      :ok
  end
end

# Process first N events
{:ok, stream} = Codex.Thread.run_streamed(thread, "Generate 100 files")
first_10 = Enum.take(stream, 10)

# Filter specific events
{:ok, stream} = Codex.Thread.run_streamed(thread, "Fix bugs")
commands = stream
  |> Stream.filter(fn
    %Codex.Events.ItemCompleted{item: %{type: :command_execution}} -> true
    _ -> false
  end)
  |> Enum.to_list()
Behavior:
	Returns immediately with stream
	Events yielded as they arrive from codex-rs
	Stream is lazy (events fetched on demand)
	Automatic cleanup when stream completes or is halted
	Thread struct must be updated with thread_id from ThreadStarted event


Codex.Exec
GenServer that manages the codex-rs process lifecycle. This module is typically used internally by Codex.Thread, but can be used directly for advanced use cases.
Functions
start_link/1
Starts an Exec GenServer and spawns the codex-rs process.
Signature:
@spec start_link(keyword()) :: GenServer.on_start()
Options:
	:input (required): Input prompt for the turn
	:codex_path (optional): Path to codex binary
	:thread_id (optional): Existing thread ID to resume
	:base_url (optional): OpenAI API base URL
	:api_key (optional): OpenAI API key
	:model (optional): Model name
	:sandbox_mode (optional): Sandbox mode (:read_only, :workspace_write, :danger_full_access)
	:working_directory (optional): Working directory for agent
	:skip_git_repo_check (optional): Skip Git repository check
	:output_schema_file (optional): Path to JSON schema file

Returns:
	{:ok, pid}: GenServer process ID
	{:error, reason}: Spawn or configuration error

Examples:
# Basic usage
{:ok, pid} = Codex.Exec.start_link(
  input: "Hello, Codex",
  codex_path: "/usr/local/bin/codex"
)

# With all options
{:ok, pid} = Codex.Exec.start_link(
  input: "Analyze code",
  codex_path: "/usr/local/bin/codex",
  thread_id: "thread_abc123",
  api_key: "sk-...",
  model: "o1",
  sandbox_mode: :read_only,
  working_directory: "/path/to/project",
  output_schema_file: "/tmp/schema.json"
)

run_turn/2
Starts turn execution and returns a reference for event tracking.
Signature:
@spec run_turn(pid()) :: reference()
Parameters:
	pid: Exec GenServer process ID

Returns:
	reference(): Unique reference for this turn

Usage:
{:ok, pid} = Codex.Exec.start_link(input: "test")
ref = Codex.Exec.run_turn(pid)

# Receive events
receive do
  {:event, ^ref, event} ->
    IO.inspect(event)
  {:done, ^ref} ->
    IO.puts("Turn complete")
  {:error, ^ref, error} ->
    IO.puts("Error: #{inspect(error)}")
end

Codex.Events
Event type definitions for all events emitted during turn execution.
Event Types
ThreadStarted
Emitted when a new thread is started.
Type:
@type t() :: %Codex.Events.ThreadStarted{
  type: :thread_started,
  thread_id: String.t()
}
Fields:
	type: Always :thread_started
	thread_id: Unique identifier for the thread (format: "thread_*")

Example:
%Codex.Events.ThreadStarted{
  type: :thread_started,
  thread_id: "thread_abc123xyz"
}

TurnStarted
Emitted when a turn begins processing.
Type:
@type t() :: %Codex.Events.TurnStarted{
  type: :turn_started
}

TurnCompleted
Emitted when a turn completes successfully.
Type:
@type t() :: %Codex.Events.TurnCompleted{
  type: :turn_completed,
  usage: Codex.Events.Usage.t()
}
Fields:
	type: Always :turn_completed
	usage: Token usage statistics

Usage Type:
@type usage() :: %Codex.Events.Usage{
  input_tokens: non_neg_integer(),
  cached_input_tokens: non_neg_integer(),
  output_tokens: non_neg_integer()
}
Example:
%Codex.Events.TurnCompleted{
  type: :turn_completed,
  usage: %Codex.Events.Usage{
    input_tokens: 1500,
    cached_input_tokens: 500,
    output_tokens: 800
  }
}

TurnFailed
Emitted when a turn fails with an error.
Type:
@type t() :: %Codex.Events.TurnFailed{
  type: :turn_failed,
  error: Codex.Events.ThreadError.t()
}
Error Type:
@type thread_error() :: %Codex.Events.ThreadError{
  message: String.t()
}

ItemStarted
Emitted when a new item is added to the thread.
Type:
@type t() :: %Codex.Events.ItemStarted{
  type: :item_started,
  item: Codex.Items.t()
}

ItemUpdated
Emitted when an item's state changes.
Type:
@type t() :: %Codex.Events.ItemUpdated{
  type: :item_updated,
  item: Codex.Items.t()
}

ItemCompleted
Emitted when an item reaches a terminal state.
Type:
@type t() :: %Codex.Events.ItemCompleted{
  type: :item_completed,
  item: Codex.Items.t()
}

Codex.Items
Thread item type definitions representing different actions and artifacts.
Item Types
AgentMessage
Text or JSON response from the agent.
Type:
@type t() :: %Codex.Items.AgentMessage{
  id: String.t(),
  type: :agent_message,
  text: String.t()
}
Fields:
	id: Unique item identifier
	type: Always :agent_message
	text: Response text (natural language or JSON when using output schema)

Example:
%Codex.Items.AgentMessage{
  id: "msg_abc123",
  type: :agent_message,
  text: "GenServers are process abstractions in Elixir..."
}

Reasoning
Agent's reasoning summary.
Type:
@type t() :: %Codex.Items.Reasoning{
  id: String.t(),
  type: :reasoning,
  text: String.t()
}
Example:
%Codex.Items.Reasoning{
  id: "reasoning_1",
  type: :reasoning,
  text: "To fix this issue, I need to first understand the error, then locate the relevant code..."
}

CommandExecution
Shell command executed by the agent.
Type:
@type t() :: %Codex.Items.CommandExecution{
  id: String.t(),
  type: :command_execution,
  command: String.t(),
  aggregated_output: String.t(),
  exit_code: integer() | nil,
  status: :in_progress | :completed | :failed
}
Fields:
	command: Command line that was executed
	aggregated_output: Combined stdout and stderr
	exit_code: Exit status (nil while running, integer when complete)
	status: Current status of execution

Example:
%Codex.Items.CommandExecution{
  id: "cmd_1",
  type: :command_execution,
  command: "mix test",
  aggregated_output: "...\n42 tests, 0 failures\n",
  exit_code: 0,
  status: :completed
}

FileChange
File modifications made by the agent.
Type:
@type t() :: %Codex.Items.FileChange{
  id: String.t(),
  type: :file_change,
  changes: [file_update_change()],
  status: :completed | :failed
}
Change Type:
@type file_update_change() :: %{
  path: String.t(),
  kind: :add | :delete | :update
}
Example:
%Codex.Items.FileChange{
  id: "patch_1",
  type: :file_change,
  changes: [
    %{path: "lib/my_app.ex", kind: :update},
    %{path: "lib/new_module.ex", kind: :add}
  ],
  status: :completed
}

McpToolCall
Model Context Protocol tool invocation.
Type:
@type t() :: %Codex.Items.McpToolCall{
  id: String.t(),
  type: :mcp_tool_call,
  server: String.t(),
  tool: String.t(),
  status: :in_progress | :completed | :failed
}
Example:
%Codex.Items.McpToolCall{
  id: "mcp_1",
  type: :mcp_tool_call,
  server: "database_server",
  tool: "query_records",
  status: :completed
}

WebSearch
Web search query and results.
Type:
@type t() :: %Codex.Items.WebSearch{
  id: String.t(),
  type: :web_search,
  query: String.t()
}

TodoList
Agent's running task list.
Type:
@type t() :: %Codex.Items.TodoList{
  id: String.t(),
  type: :todo_list,
  items: [todo_item()]
}
Todo Item Type:
@type todo_item() :: %{
  text: String.t(),
  completed: boolean()
}
Example:
%Codex.Items.TodoList{
  id: "todo_1",
  type: :todo_list,
  items: [
    %{text: "Analyze codebase", completed: true},
    %{text: "Identify issues", completed: true},
    %{text: "Propose fixes", completed: false}
  ]
}

Error
Non-fatal error item.
Type:
@type t() :: %Codex.Items.Error{
  id: String.t(),
  type: :error,
  message: String.t()
}

Codex.Options
Configuration structs for different levels of the SDK.
Codex.Options
Global Codex configuration.
Type:
@type t() :: %Codex.Options{
  codex_path_override: String.t() | nil,
  base_url: String.t() | nil,
  api_key: String.t() | nil
}
Fields:
	codex_path_override: Custom path to codex binary (defaults to system PATH)
	base_url: OpenAI API base URL (defaults to official URL)
	api_key: OpenAI API key (overrides environment variable)

Example:
%Codex.Options{
  codex_path_override: "/custom/path/to/codex",
  base_url: "https://api.openai.com",
  api_key: System.get_env("OPENAI_API_KEY")
}

Codex.Thread.Options
Thread-specific configuration.
Type:
@type t() :: %Codex.Thread.Options{
  model: String.t() | nil,
  sandbox_mode: sandbox_mode() | nil,
  working_directory: String.t() | nil,
  skip_git_repo_check: boolean()
}
Sandbox Modes:
	:read_only: Agent can read files but not modify them
	:workspace_write: Agent can write within working directory
	:danger_full_access: Agent has unrestricted filesystem access

Fields:
	model: Model name (e.g., "o1", "gpt-4")
	sandbox_mode: File access restrictions
	working_directory: Working directory for agent operations
	skip_git_repo_check: Skip Git repository check (default: false)

Example:
%Codex.Thread.Options{
  model: "o1",
  sandbox_mode: :read_only,
  working_directory: "/home/user/project",
  skip_git_repo_check: false
}

Codex.Turn.Options
Turn-specific configuration.
Type:
@type t() :: %Codex.Turn.Options{
  output_schema: map() | nil
}
Fields:
	output_schema: JSON schema for structured output (nil for natural language)

Example:
%Codex.Turn.Options{
  output_schema: %{
    "type" => "object",
    "properties" => %{
      "summary" => %{"type" => "string"},
      "status" => %{"type" => "string", "enum" => ["ok", "error"]}
    },
    "required" => ["summary", "status"]
  }
}

Codex.OutputSchemaFile
Utility for managing JSON schema temporary files.
Functions
create/1
Creates a temporary file with the JSON schema.
Signature:
@spec create(map() | nil) :: {:ok, {String.t() | nil, function()}} | {:error, term()}
Parameters:
	schema: JSON schema map or nil

Returns:
	{:ok, {path, cleanup}}: Path to temp file and cleanup function
	{:error, reason}: Error creating file

Examples:
# With schema
schema = %{"type" => "object", "properties" => %{}}
{:ok, {path, cleanup}} = Codex.OutputSchemaFile.create(schema)

# Use path...

# Clean up
cleanup.()

# Without schema
{:ok, {nil, cleanup}} = Codex.OutputSchemaFile.create(nil)
cleanup.()  # No-op
Notes:
	Creates temp directory in system tmp folder
	Writes JSON to schema.json in that directory
	Cleanup function removes entire directory
	Cleanup is idempotent (safe to call multiple times)
	Used internally by Codex.Thread


Type Aliases
Codex.Turn.Result
Result of a completed turn (from run/3).
Type:
@type t() :: %Codex.Turn.Result{
  items: [Codex.Items.t()],
  final_response: String.t(),
  usage: Codex.Events.Usage.t() | nil
}
Fields:
	items: All items produced during the turn
	final_response: Final agent message text (last AgentMessage item)
	usage: Token usage statistics (nil if turn failed before completion)


Common Patterns
Error Handling
case Codex.Thread.run(thread, input) do
  {:ok, result} ->
    process_result(result)

  {:error, {:turn_failed, error}} ->
    Logger.error("Turn failed: #{error.message}")
    {:error, :turn_failed}

  {:error, {:process, reason}} ->
    Logger.error("Process error: #{inspect(reason)}")
    {:error, :process_error}

  {:error, reason} ->
    Logger.error("Unknown error: #{inspect(reason)}")
    {:error, :unknown}
end
Streaming with Pattern Matching
{:ok, stream} = Codex.Thread.run_streamed(thread, input)

Enum.reduce(stream, %{commands: [], files: []}, fn
  %ItemCompleted{item: %{type: :command_execution} = cmd}, acc ->
    %{acc | commands: [cmd | acc.commands]}

  %ItemCompleted{item: %{type: :file_change} = file}, acc ->
    %{acc | files: [file | acc.files]}

  _, acc ->
    acc
end)
Structured Output with Validation
schema = %{
  "type" => "object",
  "properties" => %{
    "status" => %{"type" => "string", "enum" => ["success", "failure"]},
    "data" => %{"type" => "object"}
  },
  "required" => ["status"]
}

turn_opts = %Codex.Turn.Options{output_schema: schema}
{:ok, result} = Codex.Thread.run(thread, "Check system status", turn_opts)

case Jason.decode(result.final_response) do
  {:ok, %{"status" => "success", "data" => data}} ->
    process_data(data)

  {:ok, %{"status" => "failure"}} ->
    handle_failure()

  {:error, _} ->
    {:error, :invalid_json}
end

Migration from TypeScript SDK
For developers familiar with the TypeScript SDK:
	TypeScript	Elixir
	new Codex()	Codex module (no instance needed)
	codex.startThread()	Codex.start_thread()
	codex.resumeThread(id)	Codex.resume_thread(id)
	await thread.run(input)	Codex.Thread.run(thread, input)
	await thread.runStreamed(input)	Codex.Thread.run_streamed(thread, input)
	for await (const event of events)	Enum.each(stream, fn event -> ... end)
	CodexOptions	%Codex.Options{}
	ThreadOptions	%Codex.Thread.Options{}
	TurnOptions	%Codex.Turn.Options{}


See Also
	Architecture Guide
	Implementation Plan
	Testing Strategy
	Examples
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    Examples and Usage Patterns

This document provides comprehensive examples demonstrating common use cases and patterns for the Elixir Codex SDK.
Table of Contents
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	Advanced Patterns
	Production Patterns


Basic Usage
Simple Question and Answer
The most basic usage: ask a question and get a response.
defmodule BasicExample do
  def ask_question do
    # Start a new thread
    {:ok, thread} = Codex.start_thread()

    # Run a turn
    {:ok, result} = Codex.Thread.run(thread, "What is a GenServer in Elixir?")

    # Print the response
    IO.puts(result.final_response)

    # Check token usage
    IO.puts("\nTokens used:")
    IO.puts("  Input: #{result.usage.input_tokens}")
    IO.puts("  Output: #{result.usage.output_tokens}")
    IO.puts("  Total: #{result.usage.input_tokens + result.usage.output_tokens}")
  end
end
Examining All Items
Access all items produced during a turn.
defmodule ItemsExample do
  def explore_items do
    {:ok, thread} = Codex.start_thread()

    {:ok, result} = Codex.Thread.run(
      thread,
      "Explain how Elixir processes work, and give me a simple example"
    )

    # Iterate through all items
    Enum.each(result.items, fn item ->
      case item do
        %Codex.Items.AgentMessage{text: text} ->
          IO.puts("\n[Agent Message]")
          IO.puts(text)

        %Codex.Items.Reasoning{text: text} ->
          IO.puts("\n[Reasoning]")
          IO.puts(text)

        %Codex.Items.CommandExecution{command: cmd, exit_code: code} ->
          IO.puts("\n[Command Execution]")
          IO.puts("Command: #{cmd}")
          IO.puts("Exit Code: #{code}")

        _ ->
          IO.puts("\n[Other Item: #{item.type}]")
      end
    end)
  end
end

Streaming Responses
Real-Time Event Processing
Process events as they arrive for responsive UIs.
defmodule StreamingExample do
  def stream_response do
    {:ok, thread} = Codex.start_thread()

    {:ok, stream} = Codex.Thread.run_streamed(
      thread,
      "Analyze the files in this directory and suggest improvements"
    )

    # Process events in real-time
    Enum.each(stream, fn event ->
      case event do
        %Codex.Events.ThreadStarted{thread_id: id} ->
          IO.puts("Started thread: #{id}")

        %Codex.Events.TurnStarted{} ->
          IO.puts("Turn started...")

        %Codex.Events.ItemStarted{item: item} ->
          IO.puts("New item: #{item.type}")

        %Codex.Events.ItemUpdated{item: %{type: :command_execution} = cmd} ->
          if cmd.status == :in_progress do
            IO.write(".")  # Progress indicator
          end

        %Codex.Events.ItemCompleted{item: item} ->
          case item do
            %{type: :agent_message, text: text} ->
              IO.puts("\n\n[Response]")
              IO.puts(text)

            %{type: :command_execution, command: cmd, exit_code: 0} ->
              IO.puts("\n✓ Command succeeded: #{cmd}")

            %{type: :file_change, changes: changes} ->
              IO.puts("\n[Files Changed]")
              Enum.each(changes, fn %{path: path, kind: kind} ->
                IO.puts("  #{kind}: #{path}")
              end)

            _ ->
              :ok
          end

        %Codex.Events.TurnCompleted{usage: usage} ->
          IO.puts("\n\nTurn completed!")
          IO.puts("Tokens: #{usage.input_tokens + usage.output_tokens}")

        _ ->
          :ok
      end
    end)
  end
end
Progressive Display
Stream text responses character by character (simulated).
defmodule ProgressiveDisplay do
  def display_progressively do
    {:ok, thread} = Codex.start_thread()

    {:ok, stream} = Codex.Thread.run_streamed(
      thread,
      "Write a short story about a robot learning to code"
    )

    # Accumulate text and display progressively
    stream
    |> Stream.filter(fn
      %Codex.Events.ItemCompleted{item: %{type: :agent_message}} -> true
      _ -> false
    end)
    |> Enum.each(fn %{item: %{text: text}} ->
      # Simulate streaming by printing chunks
      text
      |> String.graphemes()
      |> Enum.each(fn char ->
        IO.write(char)
        Process.sleep(10)  # Adjust for desired speed
      end)
    end)

    IO.puts("\n")
  end
end

Structured Output
JSON Schema with Validation
Request structured data conforming to a schema.
defmodule StructuredOutputExample do
  def analyze_code_quality do
    schema = %{
      "type" => "object",
      "properties" => %{
        "overall_score" => %{
          "type" => "integer",
          "minimum" => 0,
          "maximum" => 100
        },
        "issues" => %{
          "type" => "array",
          "items" => %{
            "type" => "object",
            "properties" => %{
              "severity" => %{
                "type" => "string",
                "enum" => ["low", "medium", "high"]
              },
              "description" => %{"type" => "string"},
              "file" => %{"type" => "string"},
              "line" => %{"type" => "integer"}
            },
            "required" => ["severity", "description"]
          }
        },
        "suggestions" => %{
          "type" => "array",
          "items" => %{"type" => "string"}
        }
      },
      "required" => ["overall_score", "issues", "suggestions"]
    }

    {:ok, thread} = Codex.start_thread()

    turn_opts = %Codex.Turn.Options{output_schema: schema}

    {:ok, result} = Codex.Thread.run(
      thread,
      "Analyze the code quality of this Elixir project",
      turn_opts
    )

    # Parse JSON response
    case Jason.decode(result.final_response) do
      {:ok, data} ->
        IO.puts("Overall Score: #{data["overall_score"]}/100")

        IO.puts("\nIssues Found:")
        Enum.each(data["issues"], fn issue ->
          severity = String.upcase(issue["severity"])
          IO.puts("  [#{severity}] #{issue["description"]}")
          if issue["file"] do
            IO.puts("    File: #{issue["file"]}:#{issue["line"]}")
          end
        end)

        IO.puts("\nSuggestions:")
        Enum.each(data["suggestions"], fn suggestion ->
          IO.puts("  - #{suggestion}")
        end)

      {:error, _} ->
        IO.puts("Failed to parse JSON response")
    end
  end
end
Using with TypedStruct
Define Elixir structs that match your schema.
defmodule MyApp.CodeAnalysis do
  use TypedStruct

  typedstruct do
    field :overall_score, integer(), enforce: true
    field :issues, [issue()], default: []
    field :suggestions, [String.t()], default: []
  end

  typedstruct module: Issue do
    field :severity, String.t(), enforce: true
    field :description, String.t(), enforce: true
    field :file, String.t()
    field :line, integer()
  end

  def schema do
    %{
      "type" => "object",
      "properties" => %{
        "overall_score" => %{"type" => "integer", "minimum" => 0, "maximum" => 100},
        "issues" => %{
          "type" => "array",
          "items" => %{
            "type" => "object",
            "properties" => %{
              "severity" => %{"type" => "string", "enum" => ["low", "medium", "high"]},
              "description" => %{"type" => "string"},
              "file" => %{"type" => "string"},
              "line" => %{"type" => "integer"}
            },
            "required" => ["severity", "description"]
          }
        },
        "suggestions" => %{"type" => "array", "items" => %{"type" => "string"}}
      },
      "required" => ["overall_score", "issues", "suggestions"]
    }
  end

  def from_json(json_string) do
    with {:ok, data} <- Jason.decode(json_string),
         issues <- parse_issues(data["issues"]) do
      {:ok, %__MODULE__{
        overall_score: data["overall_score"],
        issues: issues,
        suggestions: data["suggestions"] || []
      }}
    end
  end

  defp parse_issues(issues) when is_list(issues) do
    Enum.map(issues, fn issue ->
      %Issue{
        severity: issue["severity"],
        description: issue["description"],
        file: issue["file"],
        line: issue["line"]
      }
    end)
  end
end

# Usage
{:ok, thread} = Codex.start_thread()
turn_opts = %Codex.Turn.Options{output_schema: MyApp.CodeAnalysis.schema()}
{:ok, result} = Codex.Thread.run(thread, "Analyze code", turn_opts)

{:ok, analysis} = MyApp.CodeAnalysis.from_json(result.final_response)
IO.puts("Score: #{analysis.overall_score}")

Multi-Turn Conversations
Context Retention
Maintain context across multiple turns.
defmodule ConversationExample do
  def multi_turn_conversation do
    {:ok, thread} = Codex.start_thread()

    # Turn 1: Provide context
    {:ok, result1} = Codex.Thread.run(
      thread,
      "I have a bug in my GenServer. It crashes when I send it a {:stop, reason} message."
    )

    IO.puts("Agent: #{result1.final_response}")

    # Turn 2: Ask follow-up (agent remembers previous context)
    {:ok, result2} = Codex.Thread.run(
      thread,
      "Can you show me an example of how to handle that message correctly?"
    )

    IO.puts("\nAgent: #{result2.final_response}")

    # Turn 3: More specific
    {:ok, result3} = Codex.Thread.run(
      thread,
      "What if I want to perform cleanup before stopping?"
    )

    IO.puts("\nAgent: #{result3.final_response}")

    # Save thread_id for later
    IO.puts("\nThread ID: #{thread.thread_id}")
  end
end
Resuming Sessions
Resume a previous conversation.
defmodule ResumeExample do
  def resume_previous_session(thread_id) do
    # Resume the thread
    {:ok, thread} = Codex.resume_thread(thread_id)

    # Continue the conversation
    {:ok, result} = Codex.Thread.run(
      thread,
      "Can you remind me what we were discussing?"
    )

    IO.puts(result.final_response)
  end

  def save_and_resume do
    # Start thread and have conversation
    {:ok, thread} = Codex.start_thread()

    {:ok, result1} = Codex.Thread.run(thread, "Remember the number 42")
    IO.puts(result1.final_response)

    # Save thread_id (e.g., to database, file, etc.)
    thread_id = thread.thread_id
    File.write!("thread_id.txt", thread_id)

    # Simulate restart: read thread_id and resume
    saved_id = File.read!("thread_id.txt")
    {:ok, resumed_thread} = Codex.resume_thread(saved_id)

    {:ok, result2} = Codex.Thread.run(resumed_thread, "What number should I remember?")
    IO.puts("\nAfter resuming: #{result2.final_response}")
  end
end

File Operations
Tracking File Changes
Monitor file modifications made by the agent.
defmodule FileOperationsExample do
  def track_file_changes do
    {:ok, thread} = Codex.start_thread()

    {:ok, stream} = Codex.Thread.run_streamed(
      thread,
      "Add comprehensive documentation to all modules in lib/"
    )

    # Track changes
    changes = stream
      |> Stream.filter(fn
        %Codex.Events.ItemCompleted{item: %{type: :file_change}} -> true
        _ -> false
      end)
      |> Enum.map(fn %{item: file_change} ->
        Enum.map(file_change.changes, fn change ->
          {change.kind, change.path}
        end)
      end)
      |> List.flatten()

    # Summarize
    IO.puts("File Changes:")
    changes
    |> Enum.group_by(fn {kind, _} -> kind end)
    |> Enum.each(fn {kind, files} ->
      IO.puts("\n#{String.upcase(to_string(kind))}:")
      Enum.each(files, fn {_, path} ->
        IO.puts("  - #{path}")
      end)
    end)
  end

  def review_before_apply do
    {:ok, thread} = Codex.start_thread()

    {:ok, result} = Codex.Thread.run(
      thread,
      "Refactor the authentication module"
    )

    # Extract file changes
    file_changes = result.items
      |> Enum.filter(fn
        %{type: :file_change} -> true
        _ -> false
      end)

    # Review each change
    Enum.each(file_changes, fn change ->
      IO.puts("\nProposed Changes:")
      Enum.each(change.changes, fn %{path: path, kind: kind} ->
        IO.puts("  #{kind}: #{path}")

        # Could display diffs here
        if kind == :update do
          # Read current file and show diff
          # (Would need access to diff from codex-rs)
        end
      end)

      # Prompt user
      IO.puts("\nApply these changes? (y/n)")
      response = IO.gets("")

      if String.trim(response) == "y" do
        IO.puts("Changes applied (by codex-rs)")
      else
        IO.puts("Changes rejected - would need to revert")
      end
    end)
  end
end

Command Execution
Monitoring Commands
Track commands executed by the agent.
defmodule CommandExample do
  def monitor_commands do
    {:ok, thread} = Codex.start_thread()

    {:ok, stream} = Codex.Thread.run_streamed(
      thread,
      "Run the test suite and fix any failures"
    )

    # Collect all commands
    commands = stream
      |> Stream.filter(fn
        %Codex.Events.ItemCompleted{item: %{type: :command_execution}} -> true
        _ -> false
      end)
      |> Enum.map(fn %{item: cmd} -> cmd end)

    # Display results
    IO.puts("Commands Executed:")
    Enum.each(commands, fn cmd ->
      status_icon = case cmd.status do
        :completed when cmd.exit_code == 0 -> "✓"
        :completed -> "✗"
        :failed -> "✗"
        _ -> "?"
      end

      IO.puts("\n#{status_icon} #{cmd.command}")
      IO.puts("  Exit Code: #{cmd.exit_code || "N/A"}")

      if cmd.aggregated_output != "" do
        IO.puts("  Output:")
        cmd.aggregated_output
        |> String.split("\n")
        |> Enum.take(5)  # First 5 lines
        |> Enum.each(fn line ->
          IO.puts("    #{line}")
        end)
      end
    end)
  end

  def verify_tests_pass do
    {:ok, thread} = Codex.start_thread()

    {:ok, result} = Codex.Thread.run(
      thread,
      "Run mix test and report if all tests pass"
    )

    # Find the test command
    test_command = result.items
      |> Enum.find(fn
        %{type: :command_execution, command: cmd} ->
          String.contains?(cmd, "mix test")
        _ ->
          false
      end)

    case test_command do
      %{exit_code: 0} ->
        IO.puts("✓ All tests passed!")
        {:ok, :all_passed}

      %{exit_code: code} ->
        IO.puts("✗ Tests failed with exit code #{code}")
        {:error, :tests_failed}

      nil ->
        IO.puts("No test command found")
        {:error, :no_tests_run}
    end
  end
end

Error Handling
Graceful Error Recovery
Handle errors gracefully in production.
defmodule ErrorHandlingExample do
  require Logger

  def robust_turn(thread, input, opts \\ %Codex.Turn.Options{}) do
    case Codex.Thread.run(thread, input, opts) do
      {:ok, result} ->
        {:ok, result}

      {:error, {:turn_failed, error}} ->
        Logger.error("Turn failed: #{error.message}")
        handle_turn_failure(error)

      {:error, {:process, reason}} ->
        Logger.error("Process error: #{inspect(reason)}")
        {:error, :process_error}

      {:error, {:config, reason}} ->
        Logger.error("Configuration error: #{inspect(reason)}")
        {:error, :config_error}

      {:error, reason} ->
        Logger.error("Unknown error: #{inspect(reason)}")
        {:error, :unknown}
    end
  end

  defp handle_turn_failure(error) do
    # Could implement retry logic, fallback, etc.
    if retryable?(error) do
      Logger.info("Error is retryable, consider retry logic")
    end

    {:error, :turn_failed}
  end

  defp retryable?(error) do
    # Check if error message indicates transient issue
    error.message =~ ~r/(rate limit|timeout|temporarily unavailable)/i
  end

  def with_retry(thread, input, max_attempts \\ 3) do
    do_with_retry(thread, input, max_attempts, 1)
  end

  defp do_with_retry(thread, input, max_attempts, attempt) do
    case Codex.Thread.run(thread, input) do
      {:ok, result} ->
        {:ok, result}

      {:error, {:turn_failed, error}} when attempt < max_attempts ->
        if retryable?(error) do
          Logger.info("Retry attempt #{attempt + 1}/#{max_attempts}")
          # Exponential backoff
          Process.sleep(1000 * :math.pow(2, attempt - 1) |> round())
          do_with_retry(thread, input, max_attempts, attempt + 1)
        else
          {:error, {:turn_failed, error}}
        end

      error ->
        error
    end
  end
end
Validation and Sanitization
Validate inputs and outputs.
defmodule ValidationExample do
  def safe_run(thread, input) do
    with :ok <- validate_input(input),
         {:ok, result} <- Codex.Thread.run(thread, input),
         :ok <- validate_result(result) do
      {:ok, result}
    end
  end

  defp validate_input(input) do
    cond do
      !is_binary(input) ->
        {:error, :input_must_be_string}

      String.length(input) == 0 ->
        {:error, :input_cannot_be_empty}

      String.length(input) > 100_000 ->
        {:error, :input_too_long}

      true ->
        :ok
    end
  end

  defp validate_result(result) do
    cond do
      !result.usage ->
        {:error, :missing_usage}

      result.usage.input_tokens + result.usage.output_tokens == 0 ->
        {:error, :no_tokens_used}

      true ->
        :ok
    end
  end
end

Configuration
Environment-Based Configuration
Configure based on environment.
defmodule MyApp.Codex do
  def start_thread do
    codex_opts = %Codex.Options{
      api_key: api_key(),
      base_url: base_url(),
      codex_path_override: codex_path()
    }

    thread_opts = %Codex.Thread.Options{
      model: model(),
      sandbox_mode: sandbox_mode(),
      working_directory: working_directory()
    }

    Codex.start_thread(codex_opts, thread_opts)
  end

  defp api_key do
    System.get_env("CODEX_API_KEY") ||
      Application.get_env(:my_app, :codex_api_key)
  end

  defp base_url do
    Application.get_env(:my_app, :codex_base_url)
  end

  defp codex_path do
    Application.get_env(:my_app, :codex_path)
  end

  defp model do
    Application.get_env(:my_app, :codex_model, "o1")
  end

  defp sandbox_mode do
    case Mix.env() do
      :prod -> :read_only
      :test -> :read_only
      _ -> :workspace_write
    end
  end

  defp working_directory do
    File.cwd!()
  end
end
Per-Request Configuration
Override configuration per request.
defmodule ConfigExample do
  def analyze_with_different_models(input) do
    models = ["gpt-4", "o1", "gpt-4-turbo"]

    results = Enum.map(models, fn model ->
      thread_opts = %Codex.Thread.Options{model: model}
      {:ok, thread} = Codex.start_thread(%Codex.Options{}, thread_opts)

      {:ok, result} = Codex.Thread.run(thread, input)

      {model, result}
    end)

    # Compare results
    Enum.each(results, fn {model, result} ->
      IO.puts("\n#{model}:")
      IO.puts(String.slice(result.final_response, 0..200))
      IO.puts("Tokens: #{result.usage.input_tokens + result.usage.output_tokens}")
    end)
  end
end

Advanced Patterns
Concurrent Turns
Execute multiple turns concurrently.
defmodule ConcurrentExample do
  def parallel_analysis(files) do
    tasks = Enum.map(files, fn file ->
      Task.async(fn ->
        {:ok, thread} = Codex.start_thread()
        {:ok, result} = Codex.Thread.run(thread, "Analyze #{file}")
        {file, result}
      end)
    end)

    results = Task.await_many(tasks, 60_000)

    Enum.each(results, fn {file, result} ->
      IO.puts("\n#{file}:")
      IO.puts(String.slice(result.final_response, 0..200))
    end)
  end

  def map_reduce_pattern(items) do
    # Map: Process each item concurrently
    tasks = Enum.map(items, fn item ->
      Task.async(fn ->
        {:ok, thread} = Codex.start_thread()
        {:ok, result} = Codex.Thread.run(thread, "Process #{item}")
        result.final_response
      end)
    end)

    responses = Task.await_many(tasks, 60_000)

    # Reduce: Combine results
    {:ok, thread} = Codex.start_thread()

    summary_prompt = """
    Summarize these analyses:

    #{Enum.join(responses, "\n\n---\n\n")}
    """

    {:ok, result} = Codex.Thread.run(thread, summary_prompt)

    IO.puts("Summary:")
    IO.puts(result.final_response)
  end
end
Agent Collaboration
Multiple agents working together.
defmodule CollaborationExample do
  def collaborative_code_review(file) do
    # Analyzer agent
    {:ok, analyzer} = Codex.start_thread()
    {:ok, analysis} = Codex.Thread.run(
      analyzer,
      "Analyze #{file} for potential issues"
    )

    # Security expert agent
    {:ok, security} = Codex.start_thread()
    {:ok, security_review} = Codex.Thread.run(
      security,
      """
      Review this code for security issues:

      Analysis: #{analysis.final_response}
      """
    )

    # Performance expert agent
    {:ok, performance} = Codex.start_thread()
    {:ok, perf_review} = Codex.Thread.run(
      performance,
      """
      Review this code for performance issues:

      Analysis: #{analysis.final_response}
      """
    )

    # Synthesizer agent
    {:ok, synthesizer} = Codex.start_thread()

    synthesis_prompt = """
    Synthesize these reviews into actionable recommendations:

    Security Review:
    #{security_review.final_response}

    Performance Review:
    #{perf_review.final_response}
    """

    {:ok, final} = Codex.Thread.run(synthesizer, synthesis_prompt)

    IO.puts("Final Recommendations:")
    IO.puts(final.final_response)
  end
end
Streaming with State Accumulation
Build up state while streaming.
defmodule StatefulStreamingExample do
  def accumulate_state do
    {:ok, thread} = Codex.start_thread()
    {:ok, stream} = Codex.Thread.run_streamed(thread, "Implement a new feature")

    final_state = Enum.reduce(stream, initial_state(), fn event, state ->
      case event do
        %Codex.Events.ThreadStarted{thread_id: id} ->
          %{state | thread_id: id}

        %Codex.Events.ItemCompleted{item: %{type: :command_execution} = cmd} ->
          %{state | commands: [cmd | state.commands]}

        %Codex.Events.ItemCompleted{item: %{type: :file_change} = file} ->
          %{state | files: [file | state.files]}

        %Codex.Events.ItemCompleted{item: %{type: :agent_message, text: text}} ->
          %{state | messages: [text | state.messages]}

        %Codex.Events.TurnCompleted{usage: usage} ->
          %{state | usage: usage}

        _ ->
          state
      end
    end)

    display_summary(final_state)
  end

  defp initial_state do
    %{
      thread_id: nil,
      commands: [],
      files: [],
      messages: [],
      usage: nil
    }
  end

  defp display_summary(state) do
    IO.puts("Turn Summary:")
    IO.puts("  Thread ID: #{state.thread_id}")
    IO.puts("  Commands: #{length(state.commands)}")
    IO.puts("  Files Changed: #{count_file_changes(state.files)}")
    IO.puts("  Messages: #{length(state.messages)}")

    if state.usage do
      IO.puts("  Tokens: #{state.usage.input_tokens + state.usage.output_tokens}")
    end
  end

  defp count_file_changes(files) do
    files
    |> Enum.flat_map(fn file -> file.changes end)
    |> length()
  end
end

Production Patterns
Telemetry Integration
Monitor SDK usage in production.
defmodule MyApp.TelemetryHandler do
  require Logger

  def setup do
    :telemetry.attach_many(
      "my-app-codex-handler",
      [
        [:codex, :turn, :start],
        [:codex, :turn, :stop],
        [:codex, :turn, :exception]
      ],
      &handle_event/4,
      nil
    )
  end

  def handle_event([:codex, :turn, :start], measurements, metadata, _config) do
    Logger.info("Codex turn started", thread_id: metadata.thread_id)

    # Could send to metrics system
    :telemetry.execute(
      [:my_app, :codex, :turn, :count],
      %{count: 1},
      metadata
    )
  end

  def handle_event([:codex, :turn, :stop], measurements, metadata, _config) do
    Logger.info("Codex turn completed",
      thread_id: metadata.thread_id,
      duration_ms: measurements.duration / 1_000_000,
      tokens: metadata.usage.input_tokens + metadata.usage.output_tokens
    )

    # Send metrics
    :telemetry.execute(
      [:my_app, :codex, :turn, :duration],
      %{duration: measurements.duration},
      metadata
    )

    :telemetry.execute(
      [:my_app, :codex, :tokens],
      %{
        input: metadata.usage.input_tokens,
        output: metadata.usage.output_tokens,
        total: metadata.usage.input_tokens + metadata.usage.output_tokens
      },
      metadata
    )
  end

  def handle_event([:codex, :turn, :exception], measurements, metadata, _config) do
    Logger.error("Codex turn failed",
      thread_id: metadata.thread_id,
      error: metadata.error,
      duration_ms: measurements.duration / 1_000_000
    )

    # Alert on failures
    :telemetry.execute(
      [:my_app, :codex, :turn, :error],
      %{count: 1},
      metadata
    )
  end
end

# In application.ex
def start(_type, _args) do
  MyApp.TelemetryHandler.setup()
  # ... rest of supervision tree
end
Rate Limiting
Implement rate limiting for API calls.
defmodule MyApp.RateLimiter do
  use GenServer

  def start_link(_) do
    GenServer.start_link(__MODULE__, %{}, name: __MODULE__)
  end

  def acquire do
    GenServer.call(__MODULE__, :acquire)
  end

  @impl true
  def init(_) do
    state = %{
      tokens: 10,
      last_refill: System.monotonic_time(:second)
    }

    schedule_refill()
    {:ok, state}
  end

  @impl true
  def handle_call(:acquire, _from, state) do
    state = refill_tokens(state)

    if state.tokens > 0 do
      {:reply, :ok, %{state | tokens: state.tokens - 1}}
    else
      {:reply, {:error, :rate_limited}, state}
    end
  end

  @impl true
  def handle_info(:refill, state) do
    schedule_refill()
    {:noreply, %{state | tokens: 10}}
  end

  defp refill_tokens(state) do
    now = System.monotonic_time(:second)
    elapsed = now - state.last_refill

    if elapsed >= 60 do
      %{state | tokens: 10, last_refill: now}
    else
      state
    end
  end

  defp schedule_refill do
    Process.send_after(self(), :refill, 60_000)
  end
end

# Usage
defmodule MyApp.Codex do
  def run(thread, input) do
    case MyApp.RateLimiter.acquire() do
      :ok ->
        Codex.Thread.run(thread, input)

      {:error, :rate_limited} ->
        {:error, :rate_limited}
    end
  end
end
Supervised Turn Execution
Run turns under supervision.
defmodule MyApp.TurnSupervisor do
  use Supervisor

  def start_link(init_arg) do
    Supervisor.start_link(__MODULE__, init_arg, name: __MODULE__)
  end

  @impl true
  def init(_init_arg) do
    children = [
      {Task.Supervisor, name: MyApp.TurnTaskSupervisor}
    ]

    Supervisor.init(children, strategy: :one_for_one)
  end

  def run_supervised(thread, input, opts \\ %{}) do
    Task.Supervisor.async(MyApp.TurnTaskSupervisor, fn ->
      Codex.Thread.run(thread, input, opts)
    end)
    |> Task.await()
  end
end

Testing Patterns
Testing with Mocks
Test code that uses Codex without calling the API.
defmodule MyApp.CodeReviewer do
  def review_code(file_path) do
    {:ok, thread} = Codex.start_thread()

    {:ok, result} = Codex.Thread.run(
      thread,
      "Review #{file_path} for issues"
    )

    parse_review(result.final_response)
  end

  defp parse_review(text) do
    # Parse review from text
    %{issues: [], suggestions: []}
  end
end

# Test
defmodule MyApp.CodeReviewerTest do
  use ExUnit.Case, async: true

  test "parses review correctly" do
    # Would use Mox to mock Codex.Thread.run
    # For now, test the parse_review function directly
  end
end

Conclusion
These examples demonstrate the flexibility and power of the Elixir Codex SDK. Key patterns include:
	Streaming for responsive UIs
	Structured output for data extraction
	Multi-turn for complex conversations
	Error handling for robustness
	Concurrent execution for performance
	Production patterns for observability and reliability

Refer to the API Reference for complete documentation of all functions and types.
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