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    README

[image: Nous AI]
Nous AI
"Nous (νοῦς) — the ancient Greek concept of mind, reason, and intellect; the faculty of understanding that grasps truth directly."

AI agent framework for Elixir with multi-provider LLM support.
[image: Elixir]
[image: License]
[image: Status]
Installation
Add to your mix.exs:
def deps do
  [
    {:nous, "~> 0.9.0"}
  ]
end
Then run:
mix deps.get

Quick Start
Simple Text Generation
For quick LLM calls without agents:
# One-liner
{:ok, text} = Nous.generate_text("lmstudio:qwen3", "What is Elixir?")
IO.puts(text)

# With options
{:ok, text} = Nous.generate_text("openai:gpt-4", "Explain monads",
  system: "You are a functional programming expert",
  temperature: 0.7,
  max_tokens: 500
)

# Streaming
{:ok, stream} = Nous.stream_text("lmstudio:qwen3", "Write a haiku")
stream |> Stream.each(&IO.write/1) |> Stream.run()

# With prompt templates
alias Nous.PromptTemplate

template = PromptTemplate.from_template("""
Summarize the following text in <%= @style %> style:

<text>
<%= @content %>
</text>
""")

prompt = PromptTemplate.format(template, %{
  style: "bullet points",
  content: "Elixir is a dynamic, functional language for building scalable applications..."
})

{:ok, summary} = Nous.generate_text("openai:gpt-4", prompt)
With Agents
For multi-turn conversations, tools, and complex workflows:
# Create an agent
agent = Nous.new("lmstudio:qwen3",
  instructions: "Be helpful and concise."
)

# Run it
{:ok, result} = Nous.run(agent, "What is Elixir?")

IO.puts(result.output)
IO.puts("Tokens: #{result.usage.total_tokens}")
Supported Providers
	Provider	Model String	Streaming
	LM Studio	lmstudio:qwen3	✅
	OpenAI	openai:gpt-4	✅
	Anthropic	anthropic:claude-sonnet-4-5-20250929	✅
	Groq	groq:llama-3.1-70b-versatile	✅
	Ollama	ollama:llama2	✅
	OpenRouter	openrouter:anthropic/claude-3.5-sonnet	✅
	Together AI	together:meta-llama/Llama-3-70b-chat-hf	✅
	Custom	openai_compatible:model + :base_url	✅

All providers use pure Elixir HTTP clients (Req + Finch).
# Switch providers with one line change
agent = Nous.new("lmstudio:qwen3")                  # Local (free)
agent = Nous.new("openai:gpt-4")                    # OpenAI
agent = Nous.new("anthropic:claude-sonnet-4-5-20250929")   # Anthropic
Features
Tool Calling
Define Elixir functions as tools. The AI calls them automatically when needed.
get_weather = fn _ctx, %{"city" => city} ->
  %{city: city, temperature: 72, conditions: "sunny"}
end

agent = Nous.new("openai:gpt-4",
  instructions: "You can check the weather.",
  tools: [get_weather]
)

{:ok, result} = Nous.run(agent, "What's the weather in Tokyo?")
Tools with Context
Pass dependencies (user, database, API keys) via context:
get_balance = fn ctx, _args ->
  user = ctx.deps[:user]
  %{balance: user.balance}
end

agent = Nous.new("openai:gpt-4", tools: [get_balance])

{:ok, result} = Nous.run(agent, "What's my balance?",
  deps: %{user: %{id: 123, balance: 1000}}
)
Context Continuation
Continue conversations with full context preservation:
{:ok, result1} = Nous.run(agent, "My name is Alice")
{:ok, result2} = Nous.run(agent, "What's my name?", context: result1.context)
# => "Your name is Alice"
Streaming
{:ok, stream} = Nous.run_stream(agent, "Write a haiku")

stream
|> Enum.each(fn
  {:text_delta, text} -> IO.write(text)
  {:finish, _} -> IO.puts("")
  _ -> :ok
end)
Callbacks
Monitor execution with callbacks or process messages:
# Map-based callbacks
{:ok, result} = Nous.run(agent, "Hello",
  callbacks: %{
    on_llm_new_delta: fn _event, delta -> IO.write(delta) end,
    on_tool_call: fn _event, call -> IO.puts("Tool: #{call.name}") end
  }
)

# Process messages (for LiveView)
{:ok, result} = Nous.run(agent, "Hello", notify_pid: self())
# Receives: {:agent_delta, text}, {:tool_call, call}, {:agent_complete, result}
Module-Based Tools
Define tools as modules for better organization and testability:
defmodule MyTools.Search do
  @behaviour Nous.Tool.Behaviour

  @impl true
  def metadata do
    %{
      name: "search",
      description: "Search the web",
      parameters: %{
        "type" => "object",
        "properties" => %{
          "query" => %{"type" => "string"}
        },
        "required" => ["query"]
      }
    }
  end

  @impl true
  def execute(ctx, %{"query" => query}) do
    http = ctx.deps[:http_client] || MyApp.HTTP
    {:ok, http.search(query)}
  end
end

agent = Nous.new("openai:gpt-4",
  tools: [Nous.Tool.from_module(MyTools.Search)]
)
Tool Context Updates
Tools can modify context state for subsequent calls:
alias Nous.Tool.ContextUpdate

add_item = fn ctx, %{"item" => item} ->
  items = ctx.deps[:cart] || []
  {:ok, %{added: item}, ContextUpdate.set(ContextUpdate.new(), :cart, items ++ [item])}
end
Prompt Templates
Build prompts with EEx variable substitution:
alias Nous.PromptTemplate

template = PromptTemplate.from_template(
  "You are a <%= @role %> who speaks <%= @language %>.",
  role: :system
)

message = PromptTemplate.to_message(template, %{role: "teacher", language: "Spanish"})
{:ok, result} = Nous.run(agent, messages: [message, Message.user("Hello")])
ReActAgent
For complex multi-step reasoning with planning:
agent = Nous.ReActAgent.new("openai:gpt-4",
  tools: [&search/2, &calculate/2]
)

{:ok, result} = Nous.run(agent,
  "Research the population of Tokyo and calculate its density"
)
LiveView Integration
defmodule MyAppWeb.ChatLive do
  use MyAppWeb, :live_view

  def mount(_params, _session, socket) do
    agent = Nous.new("lmstudio:qwen3", instructions: "Be helpful.")
    {:ok, assign(socket, agent: agent, messages: [], streaming: false)}
  end

  def handle_event("send", %{"message" => msg}, socket) do
    Task.start(fn ->
      Nous.run(socket.assigns.agent, msg, notify_pid: socket.root_pid)
    end)
    {:noreply, assign(socket, streaming: true)}
  end

  def handle_info({:agent_delta, text}, socket) do
    {:noreply, update(socket, :current, &(&1 <> text))}
  end

  def handle_info({:agent_complete, result}, socket) do
    messages = socket.assigns.messages ++ [%{role: :assistant, content: result.output}]
    {:noreply, assign(socket, messages: messages, streaming: false)}
  end
end
See examples/advanced/liveview_integration.exs for complete patterns.
Examples
Full Examples Collection - 21 focused examples from basics to production.
Core Examples (01-10)
	Example	Description
	01_hello_world.exs	Minimal example
	02_with_tools.exs	Tool calling
	03_streaming.exs	Streaming responses
	04_conversation.exs	Multi-turn with context
	05_callbacks.exs	Callbacks + LiveView
	06_prompt_templates.exs	EEx templates
	07_module_tools.exs	Module-based tools
	08_tool_testing.exs	Test helpers
	09_agent_server.exs	GenServer agent
	10_react_agent.exs	ReAct pattern

Provider Examples
	providers/anthropic.exs - Claude, extended thinking
	providers/openai.exs - GPT models
	providers/lmstudio.exs - Local AI
	providers/switching_providers.exs - Provider comparison

Advanced Examples
	advanced/context_updates.exs - Tool state management
	advanced/error_handling.exs - Retries, fallbacks
	advanced/telemetry.exs - Metrics, cost tracking
	advanced/cancellation.exs - Task cancellation
	advanced/liveview_integration.exs - LiveView patterns

Telemetry
Attach handlers for monitoring:
Nous.Telemetry.attach_default_handler()
Events:
	[:nous, :agent, :run, :start/stop/exception]
	[:nous, :agent, :iteration, :start/stop]
	[:nous, :provider, :request, :start/stop/exception]
	[:nous, :tool, :execute, :start/stop/exception]
	[:nous, :tool, :timeout]
	[:nous, :context, :update]

Evaluation Framework
Test, benchmark, and optimize your agents:
# Define tests
suite = Nous.Eval.Suite.new(
  name: "my_tests",
  default_model: "lmstudio:qwen3",
  test_cases: [
    Nous.Eval.TestCase.new(
      id: "greeting",
      input: "Say hello",
      expected: %{contains: ["hello"]},
      eval_type: :contains
    )
  ]
)

# Run evaluation
{:ok, result} = Nous.Eval.run(suite)
Nous.Eval.Reporter.print(result)
Features:
	Six built-in evaluators (exact_match, fuzzy_match, contains, tool_usage, schema, llm_judge)
	Metrics collection (latency, tokens, cost)
	A/B testing with Nous.Eval.run_ab/2
	Parameter optimization with Bayesian, grid, or random search
	YAML test suite definitions

CLI:
mix nous.eval --suite test/eval/suites/basic.yaml
mix nous.optimize --suite suite.yaml --strategy bayesian --trials 20

See Evaluation Guide for complete documentation.
Architecture
Nous.new/2 → Agent struct
    ↓
Nous.run/3 → AgentRunner
    ↓
├─→ Context (messages, deps, callbacks)
├─→ Behaviour (BasicAgent | ReActAgent | custom)
├─→ ModelDispatcher → Provider → HTTP
├─→ ToolExecutor (timeout, validation)
└─→ Callbacks (map | notify_pid)
Contributing
Contributions welcome! See CHANGELOG.md for recent changes.
License
Apache 2.0 - see LICENSE
Credits
	Inspired by Pydantic AI
	HTTP: Req + Finch



  

    Changelog

All notable changes to this project will be documented in this file.
[0.9.0] - 2026-01-04
Added
	Evaluation Framework: Production-grade testing and benchmarking for AI agents
	Nous.Eval module for defining and running test suites
	Nous.Eval.Suite for test suite management with YAML support
	Nous.Eval.TestCase for individual test case definitions
	Nous.Eval.Runner for sequential and parallel test execution
	Nous.Eval.Metrics for collecting latency, token usage, and cost metrics
	Nous.Eval.Reporter for console and JSON result reporting
	A/B testing support with Nous.Eval.run_ab/2


	Six Built-in Evaluators:
	:exact_match - Strict string equality matching
	:fuzzy_match - Jaro-Winkler similarity with configurable thresholds
	:contains - Substring and regex pattern matching
	:tool_usage - Tool call verification with argument validation
	:schema - Ecto schema validation for structured outputs
	:llm_judge - LLM-based quality assessment with custom rubrics


	Optimization Engine: Automated parameter tuning for agents
	Nous.Eval.Optimizer with three strategies: grid search, random search, Bayesian optimization
	Support for float, integer, choice, and boolean parameter types
	Early stopping on threshold achievement
	Detailed trial history and best configuration reporting


	New Mix Tasks:
	mix nous.eval - Run evaluation suites with filtering, parallelism, and multiple output formats
	mix nous.optimize - Parameter optimization with configurable strategies and metrics


	New Dependency: yaml_elixir ~> 2.9 for YAML test suite parsing


Documentation
	New comprehensive evaluation framework guide (docs/guides/evaluation.md)
	Five new example scripts in examples/eval/:	01_basic_evaluation.exs - Simple test execution
	02_yaml_suite.exs - Loading and running YAML suites
	03_optimization.exs - Parameter optimization workflows
	04_custom_evaluator.exs - Implementing custom evaluators
	05_ab_testing.exs - A/B testing configurations



[0.8.1] - 2025-12-31
Fixed
	Fixed Usage struct not implementing Access behaviour for telemetry metrics
	Fixed Task.shutdown/2 nil return case in AgentServer cancellation
	Fixed tool call field access for OpenAI-compatible APIs (string vs atom keys)

Added
	Vision/multimodal test suite with image fixtures (test/nous/vision_test.exs)
	ContentPart test suite for image conversion utilities (test/nous/content_part_test.exs)
	Multimodal message examples in conversation demo (examples/04_conversation.exs)

Changed
	Updated docs to link examples to GitHub source files
	Improved sidebar grouping in hexdocs

[0.8.0] - 2025-12-31
Added
	Context Management: New Nous.Agent.Context struct for immutable conversation state, message history, and dependency injection. Supports context continuation between runs:
{:ok, result1} = Nous.run(agent, "My name is Alice")
{:ok, result2} = Nous.run(agent, "What's my name?", context: result1.context)

	Agent Behaviour: New Nous.Agent.Behaviour for implementing custom agents with lifecycle callbacks (init_context/2, build_messages/2, process_response/3, extract_output/2).

	Dual Callback System: New Nous.Agent.Callbacks supporting both map-based callbacks and process messages:
# Map callbacks
Nous.run(agent, "Hello", callbacks: %{
  on_llm_new_delta: fn _event, delta -> IO.write(delta) end
})

# Process messages (for LiveView)
Nous.run(agent, "Hello", notify_pid: self())

	Module-Based Tools: New Nous.Tool.Behaviour for defining tools as modules with metadata/0 and execute/2 callbacks. Use Nous.Tool.from_module/2 to create tools from modules.

	Tool Context Updates: New Nous.Tool.ContextUpdate struct allowing tools to modify context state:
def my_tool(ctx, args) do
  {:ok, result, ContextUpdate.new() |> ContextUpdate.set(:key, value)}
end

	Tool Testing Helpers: New Nous.Tool.Testing module with mock_tool/2, spy_tool/1, and test_context/1 for testing tool interactions.

	Tool Validation: New Nous.Tool.Validator for JSON Schema validation of tool arguments.

	Prompt Templates: New Nous.PromptTemplate for EEx-based prompt templates with variable substitution.

	Built-in Agent Implementations: Nous.Agents.BasicAgent (default) and Nous.Agents.ReActAgent (reasoning with planning tools).

	Structured Errors: New Nous.Errors module with MaxIterationsReached, ToolExecutionError, and ExecutionCancelled error types.

	Enhanced Telemetry: New events for iterations (:iteration), tool timeouts (:tool_timeout), and context updates (:context_update).


Changed
	Result Structure: Nous.run/3 now returns %{output: _, context: _, usage: _} instead of just output string.

	Tool Function Signature: Tools now receive (ctx, args) instead of (args). The context provides access to ctx.deps for dependency injection.

	Examples Modernized: Reduced from ~95 files to 21 files. Flattened directory structure from 4 levels to 2 levels. All examples updated to v0.8.0 API.


Removed
	Removed deprecated provider modules: Nous.Providers.Gemini, Nous.Providers.Mistral, Nous.Providers.VLLM, Nous.Providers.SGLang.

	Removed built-in tools: Nous.Tools.BraveSearch, Nous.Tools.DateTimeTools, Nous.Tools.StringTools, Nous.Tools.TodoTools. These can be implemented as custom tools.

	Removed Nous.RunContext (replaced by Nous.Agent.Context).

	Removed Nous.PromEx.Plugin (users can implement custom Prometheus metrics using telemetry events).


[0.7.2] - 2025-12-29
Fixed
	Stream completion events: The [DONE] SSE event now properly emits a {:finish, "stop"} event instead of being silently discarded. This ensures stream consumers always receive a completion signal.

	Documentation links: Fixed broken links in hexdocs documentation. Relative links to .exs example files now use absolute GitHub URLs so they work correctly on hexdocs.pm.


[0.7.1] - 2025-12-29
Changed
	Make all provider dependencies optional: openai_ex, anthropix, and gemini_ex are now truly optional dependencies. Users only need to install the dependencies for the providers they use.

	Runtime dependency checks: Provider modules now check for dependency availability at runtime instead of compile-time, allowing the library to compile without any provider-specific dependencies.

	OpenAI message format: Messages are now returned as plain maps with string keys (%{"role" => "user", "content" => "Hi"}) instead of OpenaiEx.ChatMessage structs. This removes the compile-time dependency on openai_ex for message formatting.


Fixed
	Fixed "anthropix dependency not available" errors that occurred when using the library in applications without anthropix installed.

	Fixed compile-time errors that occurred when openai_ex was not present in the consuming application.


[0.7.0] - 2025-12-27
Initial public release with multi-provider LLM support:
	OpenAI-compatible providers (OpenAI, Groq, OpenRouter, Ollama, LM Studio, vLLM)
	Native Anthropic Claude support with extended thinking
	Google Gemini support
	Mistral AI support
	Tool/function calling
	Streaming support
	ReAct agent implementation



  

    Getting Started with Nous AI

Complete setup guide for the Nous AI framework.
Installation
Add to your mix.exs:
def deps do
  [
    {:nous, "~> 0.9.0"}
  ]
end
Then run:
mix deps.get

Quick Setup
Option 1: Local AI (Free)
Perfect for development and testing.
	Download LM Studio from lmstudio.ai
	Download a model (recommended: qwen3-vl-4b-thinking-mlx)
	Start server in LM Studio (runs on http://localhost:1234)
	Test it works:mix run -e "
agent = Nous.new(\"lmstudio:qwen3-vl-4b-thinking-mlx")
{:ok, result} = Nous.run(agent, \"Hello!\")
IO.puts(result.output)
"



Option 2: Cloud AI
Perfect for production and advanced models.
Anthropic (Recommended):
export ANTHROPIC_API_KEY="sk-ant-your-key"

OpenAI:
export OPENAI_API_KEY="sk-your-key"

Test cloud setup:
mix run -e "
agent = Nous.new(\"anthropic:claude-sonnet-4-5-20250929\")
{:ok, result} = Nous.run(agent, \"Hello!\")
IO.puts(result.output)
"

Basic Usage
Simple Chat Agent
# Create an agent
agent = Nous.new("anthropic:claude-sonnet-4-5-20250929",
  instructions: "You are a helpful assistant"
)

# Ask questions
{:ok, result} = Nous.run(agent, "What is Elixir?")
IO.puts(result.output)

# Check usage
IO.puts("Tokens used: #{result.usage.total_tokens}")
Agent with Tools
defmodule MyTools do
  @doc "Get the current weather for a location"
  def get_weather(_ctx, %{"location" => location}) do
    "The weather in #{location} is sunny and 72°F"
  end
end

agent = Nous.new("anthropic:claude-sonnet-4-5-20250929",
  instructions: "Use the get_weather tool when asked about weather",
  tools: [&MyTools.get_weather/2]
)

{:ok, result} = Nous.run(agent, "What's the weather in Paris?")
IO.puts(result.output)  # AI automatically calls the weather tool
Streaming Responses
agent = Nous.new("anthropic:claude-sonnet-4-5-20250929")

Nous.run_stream(agent, "Tell me a story")
|> Enum.each(fn
  {:text_delta, text} -> IO.write(text)  # Print as it arrives
  {:finish, result} -> IO.puts("\n✅ Complete")
end)
Next Steps
Immediate Next Steps (15 minutes)
	Try examples → quickstart examples
	Follow tutorials → structured learning
	Browse by feature → reference guides

Learning Path
	Beginner (15 min) → 01-basics
	Intermediate (1 hour) → 02-patterns
	Advanced (deep dive) → 03-production
	Complete projects → 04-projects

Production Setup
	Best Practices Guide - Production deployment
	Tool Development Guide - Custom tools
	Troubleshooting Guide - Common issues

Provider Configuration
All Supported Providers
# Local (Free)
agent = Nous.new("lmstudio:qwen3-vl-4b-thinking-mlx")
agent = Nous.new("ollama:llama3")

# Cloud
agent = Nous.new("anthropic:claude-sonnet-4-5-20250929")
agent = Nous.new("openai:gpt-4o")
agent = Nous.new("gemini:gemini-1.5-pro")
agent = Nous.new("mistral:mistral-large-latest")
agent = Nous.new("groq:llama-3.1-70b-versatile")
Model Settings
agent = Nous.new("anthropic:claude-sonnet-4-5-20250929",
  model_settings: %{
    temperature: 0.7,      # Creativity (0.0 - 1.0)
    max_tokens: 2000,      # Response length
    top_p: 0.9            # Nucleus sampling
  }
)
Architecture Overview
Core Concepts
	Agent: Stateless configuration object (model + instructions + tools)
	Tools: Elixir functions the AI can call
	Messages: Structured conversation history
	Streaming: Real-time response generation

Key Features
	Multi-provider: Works with 10+ AI providers
	Tool calling: AI can execute Elixir functions
	Streaming: Real-time response generation
	Type safety: Comprehensive type specifications
	Production ready: GenServer, LiveView, distributed systems

Common Patterns
Error Handling
case Nous.run(agent, prompt) do
  {:ok, result} ->
    IO.puts("Success: #{result.output}")
  {:error, reason} ->
    IO.puts("Error: #{reason}")
end
Conversation State
defmodule ChatBot do
  use GenServer

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

  def ask(pid, question) do
    GenServer.call(pid, {:ask, question})
  end

  def init(model) do
    agent = Nous.new(model)
    {:ok, %{agent: agent, messages: []}}
  end

  def handle_call({:ask, question}, _from, state) do
    # Add question to conversation history
    messages = state.messages ++ [%{role: "user", content: question}]

    # Get response from agent
    {:ok, result} = Nous.run(state.agent, messages)

    # Update conversation history
    new_messages = messages ++ [%{role: "assistant", content: result.output}]

    {:reply, result.output, %{state | messages: new_messages}}
  end
end
Troubleshooting
Connection Issues
	"Connection refused": LM Studio not running or wrong port
	"401 Unauthorized": Check API key is set correctly
	"Model not found": Verify model name spelling

Performance
	Slow responses: Try smaller models or local inference
	High costs: Use local models for development
	Rate limits: Implement exponential backoff

Debug Mode
# Enable debug logging
require Logger
Logger.configure(level: :debug)

# See all agent iterations and tool calls
{:ok, result} = Nous.run(agent, prompt)
For more help, see the Troubleshooting Guide.

What's Next?
	Hands-on learning → Examples
	Specific features → Reference guides
	Production deployment → Best practices
	Custom tools → Tool development



  

    Nous Examples

Learn Nous through practical examples, from basic usage to advanced patterns.
Quick Start
# Run any example
mix run examples/01_hello_world.exs

# Requires LM Studio running locally (default)
# Or set API keys for cloud providers:
export ANTHROPIC_API_KEY="sk-..."
export OPENAI_API_KEY="sk-..."

Core Examples (01-10)
Progressive learning path from basics to advanced features:
	File	Description
	01_hello_world.exs	Minimal example - create agent, run, get output
	02_with_tools.exs	Function-based tools and context access
	03_streaming.exs	Real-time streaming responses
	04_conversation.exs	Multi-turn conversations with context continuation
	05_callbacks.exs	Map callbacks and process messages (LiveView)
	06_prompt_templates.exs	EEx templates with variable substitution
	07_module_tools.exs	Tool.Behaviour pattern for module-based tools
	08_tool_testing.exs	Mock tools, spy tools, and test helpers
	09_agent_server.exs	GenServer-based agent with PubSub
	10_react_agent.exs	ReAct pattern for complex reasoning

Provider Examples
Provider-specific configuration and features:
	File	Description
	providers/anthropic.exs	Claude models, extended thinking, tools
	providers/openai.exs	GPT models, function calling, settings
	providers/lmstudio.exs	Local AI with LM Studio
	providers/switching_providers.exs	Provider comparison and selection

Advanced Examples
Production patterns and advanced features:
	File	Description
	advanced/context_updates.exs	Tool context updates and state management
	advanced/error_handling.exs	Retries, fallbacks, circuit breakers
	advanced/telemetry.exs	Custom metrics and cost tracking
	advanced/cancellation.exs	Task and streaming cancellation
	advanced/liveview_integration.exs	Phoenix LiveView integration patterns

v0.8.0 Features
These examples showcase new v0.8.0 features:
Context Continuation
# Pass context between runs for multi-turn conversations
{:ok, result1} = Nous.run(agent, "My name is Alice")
{:ok, result2} = Nous.run(agent, "What's my name?", context: result1.context)
Callbacks
# Map-based callbacks
Nous.run(agent, "Hello", callbacks: %{
  on_llm_new_delta: fn _event, delta -> IO.write(delta) end
})

# Process messages (for LiveView)
Nous.run(agent, "Hello", notify_pid: self())
Module-Based Tools
defmodule MyTool do
  @behaviour Nous.Tool.Behaviour

  @impl true
  def metadata, do: %{name: "my_tool", description: "..."}

  @impl true
  def execute(ctx, args), do: {:ok, result}
end

tool = Nous.Tool.from_module(MyTool)
Prompt Templates
template = Nous.PromptTemplate.from_template(
  "You are a <%= @role %> assistant",
  role: :system
)
message = Nous.PromptTemplate.to_message(template, %{role: "helpful"})
Running Examples
Most examples use LM Studio by default (free, local):
	Download LM Studio
	Load a model (e.g., Qwen)
	Start the local server
	Run: mix run examples/01_hello_world.exs

For cloud providers, set the appropriate API key:
ANTHROPIC_API_KEY="..." mix run examples/providers/anthropic.exs
OPENAI_API_KEY="..." mix run examples/providers/openai.exs

Project Examples
For larger project examples (multi-agent systems, trading bots, etc.), see:
	projects/README.md
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Comprehensive guide for integrating Nous AI agents with Phoenix LiveView, covering real-time streaming, multi-user coordination, and production patterns.
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Quick Start
The fastest way to get AI agents working in LiveView:
defmodule MyAppWeb.ChatLive do
  use Phoenix.LiveView

  def mount(_params, _session, socket) do
    # Initialize agent once on mount and keep it in state
    agent = Nous.new("anthropic:claude-3-5-sonnet",
      instructions: "You are a helpful assistant."
    )

    socket = assign(socket,
      agent: agent,
      messages: [],
      input: "",
      streaming: false
    )

    {:ok, socket}
  end

  def handle_event("send_message", %{"message" => message}, socket) do
    if not socket.assigns.streaming do
      # Spawn streaming in background, passing the agent from state
      parent = self()
      spawn_link(fn -> stream_response(parent, socket.assigns.agent, message) end)

      socket = assign(socket, :streaming, true, :input, "")
      {:noreply, socket}
    else
      {:noreply, socket}
    end
  end

  def handle_info({:stream_chunk, text}, socket) do
    # Update UI with streaming text
    {:noreply, push_event(socket, "append_text", %{text: text})}
  end

  def handle_info({:stream_complete, final_message}, socket) do
    messages = socket.assigns.messages ++ [final_message]
    socket = assign(socket, :messages, messages, :streaming, false)
    {:noreply, socket}
  end

  defp stream_response(parent, agent, prompt) do
    # Use the agent passed as parameter instead of creating a new one
    Nous.run_stream(agent, prompt)
    |> Stream.each(fn
      {:text_delta, text} -> send(parent, {:stream_chunk, text})
      {:finish, result} -> send(parent, {:stream_complete, %{role: :assistant, content: result.output}})
    end)
    |> Stream.run()
  end

  def render(assigns) do
    # Your LiveView template here
  end
end

Basic LiveView Integration
Simple Agent Interaction
The most basic pattern for LiveView + AI:
defmodule MyAppWeb.SimpleChatLive do
  use Phoenix.LiveView

  def mount(_params, _session, socket) do
    # Initialize agent on mount
    agent = Nous.new("anthropic:claude-3-5-sonnet",
      instructions: "You are a helpful assistant in a web chat."
    )

    socket = assign(socket,
      agent: agent,
      messages: [],
      input: "",
      loading: false
    )

    {:ok, socket}
  end

  def handle_event("send_message", %{"message" => message}, socket) do
    if socket.assigns.loading do
      {:noreply, socket}
    else
      # Add user message
      user_msg = %{role: :user, content: message, timestamp: DateTime.utc_now()}
      messages = socket.assigns.messages ++ [user_msg]

      # Start async AI response
      task = Task.async(fn ->
        case Nous.run(socket.assigns.agent, message) do
          {:ok, result} -> {:ok, result.output}
          {:error, error} -> {:error, "AI Error: #{inspect(error)}"}
        end
      end)

      socket =
        socket
        |> assign(:messages, messages)
        |> assign(:input, "")
        |> assign(:loading, true)
        |> assign(:current_task, task)

      {:noreply, socket}
    end
  end

  def handle_event("update_input", %{"value" => value}, socket) do
    {:noreply, assign(socket, :input, value)}
  end

  def handle_info({ref, result}, socket) when socket.assigns.current_task.ref == ref do
    # Task completed
    Process.demonitor(ref, [:flush])

    {messages, socket} = case result do
      {:ok, ai_response} ->
        ai_msg = %{role: :assistant, content: ai_response, timestamp: DateTime.utc_now()}
        {socket.assigns.messages ++ [ai_msg], socket}

      {:error, error_msg} ->
        error_msg = %{role: :error, content: error_msg, timestamp: DateTime.utc_now()}
        {socket.assigns.messages ++ [error_msg], socket}
    end

    socket =
      socket
      |> assign(:messages, messages)
      |> assign(:loading, false)
      |> assign(:current_task, nil)

    {:noreply, socket}
  end

  def handle_info({:DOWN, ref, :process, _pid, reason}, socket) do
    if socket.assigns.current_task && socket.assigns.current_task.ref == ref do
      # Task crashed
      error_msg = %{role: :error, content: "Request failed: #{inspect(reason)}", timestamp: DateTime.utc_now()}
      messages = socket.assigns.messages ++ [error_msg]

      socket =
        socket
        |> assign(:messages, messages)
        |> assign(:loading, false)
        |> assign(:current_task, nil)

      {:noreply, socket}
    else
      {:noreply, socket}
    end
  end
end
Form Handling and Validation
defmodule MyAppWeb.SmartFormLive do
  use Phoenix.LiveView
  import Ecto.Changeset

  def mount(_params, _session, socket) do
    agent = Nous.new("anthropic:claude-3-5-sonnet",
      instructions: """
      You help users fill out forms intelligently.
      Suggest improvements, catch errors, and provide helpful hints.
      Be concise and actionable in your suggestions.
      """
    )

    changeset = change(%{name: "", email: "", message: ""})

    socket = assign(socket,
      agent: agent,
      changeset: changeset,
      ai_suggestions: [],
      validating: false
    )

    {:ok, socket}
  end

  def handle_event("validate", %{"form" => params}, socket) do
    changeset = validate_form(params)

    socket =
      socket
      |> assign(:changeset, changeset)
      |> maybe_get_ai_suggestions(params)

    {:noreply, socket}
  end

  def handle_event("submit", %{"form" => params}, socket) do
    changeset = validate_form(params)

    if changeset.valid? do
      # Process form submission
      {:noreply, put_flash(socket, :info, "Form submitted successfully!")}
    else
      {:noreply, assign(socket, :changeset, changeset)}
    end
  end

  defp validate_form(params) do
    types = %{name: :string, email: :string, message: :string}

    {%{}, types}
    |> cast(params, [:name, :email, :message])
    |> validate_required([:name, :email, :message])
    |> validate_format(:email, ~r/@/)
    |> validate_length(:message, min: 10)
  end

  defp maybe_get_ai_suggestions(socket, params) do
    if should_suggest?(params) and not socket.assigns.validating do
      parent = self()

      spawn_link(fn ->
        prompt = """
        User is filling out a contact form with:
        Name: "#{params["name"]}"
        Email: "#{params["email"]}"
        Message: "#{params["message"]}"

        Provide helpful, concise suggestions for improvement.
        Only suggest if there are clear issues or improvements.
        """

        case Nous.run(socket.assigns.agent, prompt) do
          {:ok, result} -> send(parent, {:ai_suggestions, result.output})
          {:error, _} -> send(parent, {:ai_suggestions, ""})
        end
      end)

      assign(socket, :validating, true)
    else
      socket
    end
  end

  def handle_info({:ai_suggestions, suggestions}, socket) do
    socket =
      socket
      |> assign(:ai_suggestions, parse_suggestions(suggestions))
      |> assign(:validating, false)

    {:noreply, socket}
  end

  defp should_suggest?(params) do
    # Only suggest when user has entered substantial content
    String.length(params["message"] || "") > 20
  end

  defp parse_suggestions(""), do: []
  defp parse_suggestions(text) do
    text
    |> String.split("\n")
    |> Enum.filter(&(String.trim(&1) != ""))
    |> Enum.take(3)  # Limit to 3 suggestions
  end
end

Streaming Patterns
Basic Text Streaming
defmodule MyAppWeb.StreamingChatLive do
  use Phoenix.LiveView

  def mount(_params, _session, socket) do
    socket = assign(socket,
      messages: [],
      input: "",
      streaming: false,
      current_response: "",
      stream_task: nil
    )

    {:ok, socket}
  end

  def handle_event("send_message", %{"message" => message}, socket) do
    if not socket.assigns.streaming do
      user_msg = %{role: :user, content: message, id: generate_id()}
      messages = socket.assigns.messages ++ [user_msg]

      # Start streaming
      parent = self()
      task = Task.async(fn ->
        stream_ai_response(parent, message)
      end)

      socket =
        socket
        |> assign(:messages, messages)
        |> assign(:input, "")
        |> assign(:streaming, true)
        |> assign(:current_response, "")
        |> assign(:stream_task, task)

      {:noreply, socket}
    else
      {:noreply, socket}
    end
  end

  def handle_event("stop_streaming", _params, socket) do
    if socket.assigns.stream_task do
      Task.shutdown(socket.assigns.stream_task, :brutal_kill)
    end

    # Save partial response
    if socket.assigns.current_response != "" do
      partial_msg = %{
        role: :assistant,
        content: socket.assigns.current_response <> "\n\n_(stopped)_",
        id: generate_id()
      }
      messages = socket.assigns.messages ++ [partial_msg]

      socket = assign(socket, :messages, messages)
    end

    socket =
      socket
      |> assign(:streaming, false)
      |> assign(:current_response, "")
      |> assign(:stream_task, nil)

    {:noreply, socket}
  end

  # Stream chunk received
  def handle_info({:stream_chunk, text}, socket) do
    new_response = socket.assigns.current_response <> text

    socket =
      socket
      |> assign(:current_response, new_response)
      |> push_event("stream_text", %{text: text})

    {:noreply, socket}
  end

  # Stream completed
  def handle_info({:stream_complete, usage}, socket) do
    final_msg = %{
      role: :assistant,
      content: socket.assigns.current_response,
      id: generate_id(),
      usage: usage
    }

    messages = socket.assigns.messages ++ [final_msg]

    socket =
      socket
      |> assign(:messages, messages)
      |> assign(:streaming, false)
      |> assign(:current_response, "")
      |> assign(:stream_task, nil)
      |> push_event("scroll_to_bottom", %{})

    {:noreply, socket}
  end

  # Stream error
  def handle_info({:stream_error, error}, socket) do
    error_msg = %{
      role: :error,
      content: "Stream error: #{inspect(error)}",
      id: generate_id()
    }

    messages = socket.assigns.messages ++ [error_msg]

    socket =
      socket
      |> assign(:messages, messages)
      |> assign(:streaming, false)
      |> assign(:current_response, "")
      |> assign(:stream_task, nil)

    {:noreply, socket}
  end

  # Task completion/crash handling
  def handle_info({ref, _result}, socket) when socket.assigns.stream_task.ref == ref do
    Process.demonitor(ref, [:flush])
    {:noreply, socket}
  end

  def handle_info({:DOWN, ref, :process, _pid, reason}, socket) do
    if socket.assigns.stream_task && socket.assigns.stream_task.ref == ref do
      error_msg = %{
        role: :error,
        content: "Connection lost: #{inspect(reason)}",
        id: generate_id()
      }

      messages = socket.assigns.messages ++ [error_msg]

      socket =
        socket
        |> assign(:messages, messages)
        |> assign(:streaming, false)
        |> assign(:current_response, "")
        |> assign(:stream_task, nil)

      {:noreply, socket}
    else
      {:noreply, socket}
    end
  end

  defp stream_ai_response(parent, prompt) do
    agent = Nous.new("anthropic:claude-3-5-sonnet")

    try do
      Nous.run_stream(agent, prompt)
      |> Stream.each(fn
        {:text_delta, text} ->
          send(parent, {:stream_chunk, text})

        {:finish, result} ->
          usage = if result, do: Map.from_struct(result.usage), else: %{}
          send(parent, {:stream_complete, usage})

        {:error, error} ->
          send(parent, {:stream_error, error})

        _ -> :ok
      end)
      |> Stream.run()
    rescue
      error ->
        send(parent, {:stream_error, error})
    end
  end

  defp generate_id, do: :crypto.strong_rand_bytes(8) |> Base.url_encode64()
end
Advanced Streaming with Buffering
defmodule MyAppWeb.BufferedStreamingLive do
  use Phoenix.LiveView

  @buffer_size 50  # Characters to buffer before UI update
  @buffer_timeout 100  # Max ms to wait before flushing buffer

  def mount(_params, _session, socket) do
    socket = assign(socket,
      messages: [],
      streaming: false,
      buffer: "",
      buffer_timer: nil,
      chars_buffered: 0
    )

    {:ok, socket}
  end

  def handle_info({:stream_chunk, text}, socket) do
    new_buffer = socket.assigns.buffer <> text
    chars_buffered = socket.assigns.chars_buffered + String.length(text)

    socket = assign(socket, :buffer, new_buffer, :chars_buffered, chars_buffered)

    cond do
      # Buffer is full - flush immediately
      chars_buffered >= @buffer_size ->
        flush_buffer(socket)

      # First chunk - start timer
      socket.assigns.buffer_timer == nil ->
        timer = Process.send_after(self(), :flush_buffer, @buffer_timeout)
        assign(socket, :buffer_timer, timer)

      # Buffer accumulating - wait for timer or full buffer
      true ->
        socket
    end
    |> then(&{:noreply, &1})
  end

  def handle_info(:flush_buffer, socket) do
    {:noreply, flush_buffer(socket)}
  end

  def handle_info({:stream_complete, usage}, socket) do
    # Final flush and cleanup
    socket = flush_buffer(socket)

    # Mark streaming as complete
    socket = assign(socket, :streaming, false)
    {:noreply, socket}
  end

  defp flush_buffer(socket) do
    if socket.assigns.buffer != "" do
      # Cancel existing timer
      if socket.assigns.buffer_timer do
        Process.cancel_timer(socket.assigns.buffer_timer)
      end

      # Send buffered text to UI
      socket =
        socket
        |> push_event("append_text", %{text: socket.assigns.buffer})
        |> assign(:buffer, "")
        |> assign(:buffer_timer, nil)
        |> assign(:chars_buffered, 0)

      socket
    else
      socket
    end
  end
end

GenServer Agent Management
Stateful Agent Server
defmodule MyApp.AgentServer do
  @moduledoc """
  GenServer that manages a persistent AI agent with conversation history.

  Features:
  - Persistent conversation history
  - Configurable agent settings
  - Automatic context management
  - Usage tracking
  """

  use GenServer
  require Logger

  defstruct [
    :agent,
    :conversation_id,
    :user_id,
    messages: [],
    total_tokens: 0,
    last_activity: nil,
    settings: %{}
  ]

  ## Client API

  def start_link(opts) do
    {user_id, opts} = Keyword.pop!(opts, :user_id)
    {conversation_id, opts} = Keyword.pop!(opts, :conversation_id)

    name = via_tuple({user_id, conversation_id})
    GenServer.start_link(__MODULE__, {user_id, conversation_id, opts}, name: name)
  end

  def send_message(user_id, conversation_id, message, opts \\ []) do
    case get_or_start_agent(user_id, conversation_id) do
      {:ok, pid} ->
        GenServer.call(pid, {:send_message, message, opts}, 30_000)

      {:error, reason} ->
        {:error, reason}
    end
  end

  def send_message_stream(user_id, conversation_id, message, stream_to, opts \\ []) do
    case get_or_start_agent(user_id, conversation_id) do
      {:ok, pid} ->
        GenServer.call(pid, {:send_message_stream, message, stream_to, opts}, 30_000)

      {:error, reason} ->
        {:error, reason}
    end
  end

  def get_conversation(user_id, conversation_id) do
    case get_agent(user_id, conversation_id) do
      {:ok, pid} ->
        GenServer.call(pid, :get_conversation)

      {:error, :not_found} ->
        {:ok, []}

      {:error, reason} ->
        {:error, reason}
    end
  end

  def update_settings(user_id, conversation_id, settings) do
    case get_or_start_agent(user_id, conversation_id) do
      {:ok, pid} ->
        GenServer.call(pid, {:update_settings, settings})

      {:error, reason} ->
        {:error, reason}
    end
  end

  def stop_agent(user_id, conversation_id) do
    case get_agent(user_id, conversation_id) do
      {:ok, pid} ->
        GenServer.stop(pid)

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

  ## Server Implementation

  def init({user_id, conversation_id, opts}) do
    # Load existing conversation if any
    messages = load_conversation(user_id, conversation_id)

    # Create agent with default or custom settings
    agent_settings = Keyword.get(opts, :agent_settings, default_agent_settings())
    agent = create_agent(agent_settings)

    state = %__MODULE__{
      agent: agent,
      user_id: user_id,
      conversation_id: conversation_id,
      messages: messages,
      total_tokens: calculate_total_tokens(messages),
      last_activity: DateTime.utc_now(),
      settings: agent_settings
    }

    # Schedule periodic cleanup
    schedule_cleanup()

    Logger.info("Started agent server for user=#{user_id}, conversation=#{conversation_id}")
    {:ok, state}
  end

  def handle_call({:send_message, message, opts}, _from, state) do
    # Add user message to history
    user_msg = %{
      role: :user,
      content: message,
      timestamp: DateTime.utc_now(),
      id: generate_id()
    }

    messages = state.messages ++ [user_msg]

    # Get AI response
    case Nous.run(state.agent, messages) do
      {:ok, result} ->
        ai_msg = %{
          role: :assistant,
          content: result.output,
          timestamp: DateTime.utc_now(),
          id: generate_id(),
          usage: result.usage
        }

        new_messages = messages ++ [ai_msg]
        new_total = state.total_tokens + (result.usage.total_tokens || 0)

        # Persist conversation
        save_conversation(state.user_id, state.conversation_id, new_messages)

        new_state = %{state |
          messages: new_messages,
          total_tokens: new_total,
          last_activity: DateTime.utc_now()
        }

        {:reply, {:ok, ai_msg}, new_state}

      {:error, reason} ->
        Logger.error("Agent error: #{inspect(reason)}")
        {:reply, {:error, reason}, state}
    end
  end

  def handle_call({:send_message_stream, message, stream_to, opts}, _from, state) do
    # Add user message
    user_msg = %{
      role: :user,
      content: message,
      timestamp: DateTime.utc_now(),
      id: generate_id()
    }

    messages = state.messages ++ [user_msg]

    # Start streaming in separate process
    parent = self()
    stream_id = generate_id()

    spawn_link(fn ->
      stream_response(parent, stream_to, state.agent, messages, stream_id)
    end)

    # Return immediately with stream ID
    new_state = %{state |
      messages: messages,
      last_activity: DateTime.utc_now()
    }

    {:reply, {:ok, stream_id}, new_state}
  end

  def handle_call({:update_settings, settings}, _from, state) do
    new_agent = create_agent(settings)

    new_state = %{state |
      agent: new_agent,
      settings: settings,
      last_activity: DateTime.utc_now()
    }

    {:reply, :ok, new_state}
  end

  def handle_call(:get_conversation, _from, state) do
    conversation = %{
      messages: state.messages,
      total_tokens: state.total_tokens,
      last_activity: state.last_activity,
      settings: state.settings
    }

    {:reply, {:ok, conversation}, state}
  end

  def handle_info({:stream_complete, stream_id, ai_message, usage}, state) do
    # Add completed message to history
    new_messages = state.messages ++ [ai_message]
    new_total = state.total_tokens + (usage.total_tokens || 0)

    # Persist updated conversation
    save_conversation(state.user_id, state.conversation_id, new_messages)

    new_state = %{state |
      messages: new_messages,
      total_tokens: new_total,
      last_activity: DateTime.utc_now()
    }

    {:noreply, new_state}
  end

  def handle_info(:cleanup_check, state) do
    # Check if agent should be stopped due to inactivity
    idle_time = DateTime.diff(DateTime.utc_now(), state.last_activity, :millisecond)

    if idle_time > idle_timeout() do
      Logger.info("Stopping idle agent: user=#{state.user_id}, conversation=#{state.conversation_id}")
      {:stop, :normal, state}
    else
      schedule_cleanup()
      {:noreply, state}
    end
  end

  def handle_info(_msg, state) do
    {:noreply, state}
  end

  ## Private Functions

  defp via_tuple({user_id, conversation_id}) do
    {:via, Registry, {MyApp.AgentRegistry, {user_id, conversation_id}}}
  end

  defp get_agent(user_id, conversation_id) do
    case Registry.lookup(MyApp.AgentRegistry, {user_id, conversation_id}) do
      [{pid, _}] when is_pid(pid) -> {:ok, pid}
      [] -> {:error, :not_found}
    end
  end

  defp get_or_start_agent(user_id, conversation_id) do
    case get_agent(user_id, conversation_id) do
      {:ok, pid} ->
        {:ok, pid}

      {:error, :not_found} ->
        case MyApp.AgentSupervisor.start_agent(user_id: user_id, conversation_id: conversation_id) do
          {:ok, pid} -> {:ok, pid}
          {:error, {:already_started, pid}} -> {:ok, pid}
          {:error, reason} -> {:error, reason}
        end
    end
  end

  defp create_agent(settings) do
    model = Map.get(settings, :model, "anthropic:claude-3-5-sonnet")
    instructions = Map.get(settings, :instructions, "You are a helpful assistant.")

    Nous.new(model,
      instructions: instructions,
      model_settings: Map.get(settings, :model_settings, %{})
    )
  end

  defp stream_response(parent, stream_to, agent, messages, stream_id) do
    accumulated = ""

    try do
      Nous.run_stream(agent, messages)
      |> Stream.reduce("", fn
        {:text_delta, text}, acc ->
          new_acc = acc <> text
          send(stream_to, {:stream_chunk, stream_id, text})
          new_acc

        {:finish, result}, acc ->
          ai_message = %{
            role: :assistant,
            content: acc,
            timestamp: DateTime.utc_now(),
            id: generate_id(),
            usage: result.usage
          }

          send(stream_to, {:stream_complete, stream_id, ai_message})
          send(parent, {:stream_complete, stream_id, ai_message, result.usage})
          acc

        {:error, error}, acc ->
          send(stream_to, {:stream_error, stream_id, error})
          acc
      end)
    rescue
      error ->
        send(stream_to, {:stream_error, stream_id, error})
    end
  end

  # Configuration
  defp default_agent_settings do
    %{
      model: "anthropic:claude-3-5-sonnet",
      instructions: "You are a helpful assistant.",
      model_settings: %{temperature: 0.7}
    }
  end

  defp idle_timeout, do: 30 * 60 * 1000  # 30 minutes

  defp schedule_cleanup do
    Process.send_after(self(), :cleanup_check, 5 * 60 * 1000)  # Check every 5 minutes
  end

  # Persistence (implement based on your storage)
  defp load_conversation(_user_id, _conversation_id), do: []

  defp save_conversation(_user_id, _conversation_id, _messages), do: :ok

  defp calculate_total_tokens(messages) do
    messages
    |> Enum.filter(&Map.has_key?(&1, :usage))
    |> Enum.map(& &1.usage.total_tokens)
    |> Enum.sum()
  end

  defp generate_id, do: :crypto.strong_rand_bytes(8) |> Base.url_encode64()
end
Agent Supervisor
defmodule MyApp.AgentSupervisor do
  @moduledoc """
  DynamicSupervisor for managing AI agent processes.
  """

  use DynamicSupervisor

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

  def start_agent(opts) do
    child_spec = {MyApp.AgentServer, opts}
    DynamicSupervisor.start_child(__MODULE__, child_spec)
  end

  def stop_agent(user_id, conversation_id) do
    MyApp.AgentServer.stop_agent(user_id, conversation_id)
  end

  def list_agents do
    DynamicSupervisor.which_children(__MODULE__)
  end

  def init(_init_arg) do
    DynamicSupervisor.init(strategy: :one_for_one, max_children: 1000)
  end
end

PubSub Multi-User Coordination
Room-Based Chat with AI Moderation
defmodule MyAppWeb.RoomChatLive do
  use Phoenix.LiveView
  alias Phoenix.PubSub

  def mount(%{"room_id" => room_id}, %{"user_id" => user_id}, socket) do
    if connected?(socket) do
      # Subscribe to room updates
      PubSub.subscribe(MyApp.PubSub, "room:#{room_id}")
      PubSub.subscribe(MyApp.PubSub, "room:#{room_id}:user:#{user_id}")

      # Join the room
      MyApp.RoomManager.join_room(room_id, user_id)
    end

    socket = assign(socket,
      room_id: room_id,
      user_id: user_id,
      messages: [],
      participants: [],
      input: "",
      ai_agent_active: true,
      user_typing: MapSet.new()
    )

    {:ok, socket}
  end

  def handle_event("send_message", %{"message" => message}, socket) do
    if String.trim(message) != "" do
      # Broadcast message to room
      MyApp.RoomManager.send_message(
        socket.assigns.room_id,
        socket.assigns.user_id,
        message
      )

      {:noreply, assign(socket, :input, "")}
    else
      {:noreply, socket}
    end
  end

  def handle_event("typing", %{"typing" => typing}, socket) do
    # Broadcast typing indicator
    PubSub.broadcast(MyApp.PubSub, "room:#{socket.assigns.room_id}", {
      :user_typing,
      socket.assigns.user_id,
      typing
    })

    {:noreply, socket}
  end

  def handle_event("toggle_ai", _params, socket) do
    new_status = not socket.assigns.ai_agent_active

    MyApp.RoomManager.toggle_ai_agent(socket.assigns.room_id, new_status)

    {:noreply, assign(socket, :ai_agent_active, new_status)}
  end

  # New message in room
  def handle_info({:new_message, message}, socket) do
    messages = socket.assigns.messages ++ [message]
    {:noreply, assign(socket, :messages, messages)}
  end

  # AI response
  def handle_info({:ai_response, message}, socket) do
    messages = socket.assigns.messages ++ [message]
    {:noreply, assign(socket, :messages, messages)}
  end

  # Stream chunk from AI
  def handle_info({:ai_stream_chunk, chunk_id, text}, socket) do
    {:noreply, push_event(socket, "ai_stream_chunk", %{chunk_id: chunk_id, text: text})}
  end

  # AI stream complete
  def handle_info({:ai_stream_complete, message}, socket) do
    messages = socket.assigns.messages ++ [message]
    {:noreply, assign(socket, :messages, messages)}
  end

  # User typing indicators
  def handle_info({:user_typing, user_id, typing}, socket) do
    user_typing = if typing do
      MapSet.put(socket.assigns.user_typing, user_id)
    else
      MapSet.delete(socket.assigns.user_typing, user_id)
    end

    {:noreply, assign(socket, :user_typing, user_typing)}
  end

  # Participants updated
  def handle_info({:participants_updated, participants}, socket) do
    {:noreply, assign(socket, :participants, participants)}
  end

  def terminate(_reason, socket) do
    if socket.assigns[:room_id] && socket.assigns[:user_id] do
      MyApp.RoomManager.leave_room(socket.assigns.room_id, socket.assigns.user_id)
    end
    :ok
  end
end
Room Manager with AI Agent
defmodule MyApp.RoomManager do
  @moduledoc """
  Manages chat rooms with AI agent integration.
  """

  use GenServer
  alias Phoenix.PubSub

  defstruct [
    :room_id,
    participants: MapSet.new(),
    messages: [],
    ai_agent_active: true,
    ai_agent: nil,
    message_count: 0,
    last_ai_response: nil
  ]

  ## Client API

  def start_link(room_id) do
    GenServer.start_link(__MODULE__, room_id, name: via_tuple(room_id))
  end

  def join_room(room_id, user_id) do
    ensure_room_exists(room_id)
    GenServer.call(via_tuple(room_id), {:join, user_id})
  end

  def leave_room(room_id, user_id) do
    case get_room(room_id) do
      {:ok, pid} -> GenServer.call(pid, {:leave, user_id})
      {:error, _} -> :ok
    end
  end

  def send_message(room_id, user_id, content) do
    ensure_room_exists(room_id)
    GenServer.call(via_tuple(room_id), {:send_message, user_id, content})
  end

  def toggle_ai_agent(room_id, active) do
    ensure_room_exists(room_id)
    GenServer.call(via_tuple(room_id), {:toggle_ai_agent, active})
  end

  ## Server Implementation

  def init(room_id) do
    # Create AI agent for this room
    agent = Nous.new("anthropic:claude-3-5-sonnet",
      instructions: """
      You are an AI assistant in a group chat room.
      - Be helpful and engaging
      - Only respond when directly addressed or when the conversation needs guidance
      - Keep responses concise for chat format
      - Be respectful and moderate if needed
      - Use the participants' names when possible
      """
    )

    state = %__MODULE__{
      room_id: room_id,
      ai_agent: agent
    }

    {:ok, state}
  end

  def handle_call({:join, user_id}, _from, state) do
    if not MapSet.member?(state.participants, user_id) do
      new_participants = MapSet.put(state.participants, user_id)

      # Broadcast participant update
      broadcast_participants(state.room_id, new_participants)

      # Send recent messages to new participant
      send_message_history(user_id, state.room_id, state.messages)

      {:reply, :ok, %{state | participants: new_participants}}
    else
      {:reply, :ok, state}
    end
  end

  def handle_call({:leave, user_id}, _from, state) do
    new_participants = MapSet.delete(state.participants, user_id)

    broadcast_participants(state.room_id, new_participants)

    new_state = %{state | participants: new_participants}

    # Stop room if empty
    if MapSet.size(new_participants) == 0 do
      {:stop, :normal, :ok, new_state}
    else
      {:reply, :ok, new_state}
    end
  end

  def handle_call({:send_message, user_id, content}, _from, state) do
    message = %{
      id: generate_id(),
      user_id: user_id,
      content: content,
      timestamp: DateTime.utc_now(),
      type: :user
    }

    new_messages = state.messages ++ [message]
    new_message_count = state.message_count + 1

    # Broadcast message to room
    broadcast_message(state.room_id, message)

    new_state = %{state |
      messages: new_messages,
      message_count: new_message_count
    }

    # Check if AI should respond
    new_state = maybe_trigger_ai_response(new_state, message)

    {:reply, :ok, new_state}
  end

  def handle_call({:toggle_ai_agent, active}, _from, state) do
    new_state = %{state | ai_agent_active: active}
    {:reply, :ok, new_state}
  end

  def handle_info({:ai_stream_chunk, chunk_id, text}, state) do
    # Broadcast AI stream chunk
    PubSub.broadcast(MyApp.PubSub, "room:#{state.room_id}", {
      :ai_stream_chunk,
      chunk_id,
      text
    })

    {:noreply, state}
  end

  def handle_info({:ai_stream_complete, message, usage}, state) do
    # Add AI message to history
    new_messages = state.messages ++ [message]

    # Broadcast complete message
    broadcast_message(state.room_id, message)

    new_state = %{state |
      messages: new_messages,
      last_ai_response: DateTime.utc_now()
    }

    {:noreply, new_state}
  end

  ## Private Functions

  defp via_tuple(room_id) do
    {:via, Registry, {MyApp.RoomRegistry, room_id}}
  end

  defp get_room(room_id) do
    case Registry.lookup(MyApp.RoomRegistry, room_id) do
      [{pid, _}] when is_pid(pid) -> {:ok, pid}
      [] -> {:error, :not_found}
    end
  end

  defp ensure_room_exists(room_id) do
    case get_room(room_id) do
      {:ok, _pid} -> :ok
      {:error, :not_found} ->
        MyApp.RoomSupervisor.start_room(room_id)
        :ok
    end
  end

  defp maybe_trigger_ai_response(state, message) do
    if should_ai_respond?(state, message) do
      trigger_ai_response(state, message)
    else
      state
    end
  end

  defp should_ai_respond?(state, message) do
    state.ai_agent_active and (
      # AI mentioned by name
      String.contains?(String.downcase(message.content), ["ai", "assistant", "help"]) or
      # Question directed at group
      String.contains?(message.content, "?") or
      # First message in a while
      time_since_last_ai_response(state) > 300_000  # 5 minutes
    )
  end

  defp trigger_ai_response(state, trigger_message) do
    # Get recent conversation context
    recent_messages = Enum.take(state.messages, -10)

    # Create context prompt
    context = build_ai_context(recent_messages, state.participants)

    # Start streaming AI response
    parent = self()
    chunk_id = generate_id()

    spawn_link(fn ->
      stream_ai_response(parent, state.ai_agent, context, chunk_id)
    end)

    state
  end

  defp build_ai_context(messages, participants) do
    participant_list = participants |> Enum.join(", ")

    conversation = messages
    |> Enum.map(fn msg ->
      "#{msg.user_id}: #{msg.content}"
    end)
    |> Enum.join("\n")

    """
    You're in a chat room with participants: #{participant_list}

    Recent conversation:
    #{conversation}

    Respond helpfully and naturally to the conversation.
    """
  end

  defp stream_ai_response(parent, agent, context, chunk_id) do
    accumulated = ""

    Nous.run_stream(agent, context)
    |> Stream.reduce("", fn
      {:text_delta, text}, acc ->
        new_acc = acc <> text
        send(parent, {:ai_stream_chunk, chunk_id, text})
        new_acc

      {:finish, result}, acc ->
        ai_message = %{
          id: generate_id(),
          user_id: "AI Assistant",
          content: acc,
          timestamp: DateTime.utc_now(),
          type: :ai,
          usage: result.usage
        }

        send(parent, {:ai_stream_complete, ai_message, result.usage})
        acc

      _, acc -> acc
    end)
  end

  defp broadcast_message(room_id, message) do
    PubSub.broadcast(MyApp.PubSub, "room:#{room_id}", {:new_message, message})
  end

  defp broadcast_participants(room_id, participants) do
    participant_list = MapSet.to_list(participants)
    PubSub.broadcast(MyApp.PubSub, "room:#{room_id}", {:participants_updated, participant_list})
  end

  defp send_message_history(user_id, room_id, messages) do
    # Send recent messages to new participant
    recent_messages = Enum.take(messages, -20)

    Enum.each(recent_messages, fn message ->
      PubSub.broadcast(MyApp.PubSub, "room:#{room_id}:user:#{user_id}", {:new_message, message})
    end)
  end

  defp time_since_last_ai_response(state) do
    if state.last_ai_response do
      DateTime.diff(DateTime.utc_now(), state.last_ai_response, :millisecond)
    else
      999_999_999  # Very large number if no previous response
    end
  end

  defp generate_id, do: :crypto.strong_rand_bytes(8) |> Base.url_encode64()
end

Production Patterns
Connection Resilience
defmodule MyAppWeb.ResilientChatLive do
  use Phoenix.LiveView

  # Automatic reconnection and state recovery
  def mount(_params, session, socket) do
    socket = if connected?(socket) do
      # Restore state from session or database
      restore_chat_state(socket, session)
    else
      # Initial server render
      assign_default_state(socket)
    end

    {:ok, socket}
  end

  def handle_info({:connection_lost, reason}, socket) do
    socket =
      socket
      |> put_flash(:error, "Connection lost. Attempting to reconnect...")
      |> assign(:connection_status, :disconnected)
      |> push_event("connection_lost", %{reason: reason})

    # Attempt to reconnect AI agent
    schedule_reconnection()

    {:noreply, socket}
  end

  def handle_info(:attempt_reconnection, socket) do
    case reconnect_agent(socket.assigns.agent_config) do
      {:ok, agent} ->
        socket =
          socket
          |> put_flash(:info, "Reconnected successfully!")
          |> assign(:agent, agent)
          |> assign(:connection_status, :connected)

        {:noreply, socket}

      {:error, _reason} ->
        # Try again later
        schedule_reconnection()
        {:noreply, socket}
    end
  end

  defp restore_chat_state(socket, session) do
    # Implement state restoration logic
    socket
  end

  defp schedule_reconnection do
    Process.send_after(self(), :attempt_reconnection, 5000)
  end
end
Performance Optimization
defmodule MyAppWeb.OptimizedChatLive do
  use Phoenix.LiveView

  # Implement message pagination and virtual scrolling
  def mount(_params, _session, socket) do
    socket = assign(socket,
      messages: [],
      page_size: 50,
      current_page: 0,
      loading_messages: false,
      has_more_messages: true
    )

    # Load initial messages
    {:ok, load_messages(socket, 0)}
  end

  def handle_event("load_more_messages", _params, socket) do
    if socket.assigns.has_more_messages and not socket.assigns.loading_messages do
      next_page = socket.assigns.current_page + 1
      socket =
        socket
        |> assign(:loading_messages, true)
        |> load_messages(next_page)

      {:noreply, socket}
    else
      {:noreply, socket}
    end
  end

  # Debounced typing indicators
  def handle_event("typing", %{"typing" => true}, socket) do
    # Cancel previous typing timer
    if socket.assigns[:typing_timer] do
      Process.cancel_timer(socket.assigns.typing_timer)
    end

    # Broadcast typing start
    broadcast_typing(socket.assigns.room_id, socket.assigns.user_id, true)

    # Set stop typing timer
    timer = Process.send_after(self(), :stop_typing, 3000)

    {:noreply, assign(socket, :typing_timer, timer)}
  end

  def handle_info(:stop_typing, socket) do
    broadcast_typing(socket.assigns.room_id, socket.assigns.user_id, false)
    {:noreply, assign(socket, :typing_timer, nil)}
  end

  # Message batching for high-frequency updates
  def handle_info({:batch_messages, messages}, socket) do
    new_messages = socket.assigns.messages ++ messages
    {:noreply, assign(socket, :messages, new_messages)}
  end

  defp load_messages(socket, page) do
    # Simulate loading from database with pagination
    case MyApp.Messages.get_room_messages(
      socket.assigns.room_id,
      page,
      socket.assigns.page_size
    ) do
      {messages, has_more} ->
        all_messages = if page == 0 do
          messages
        else
          messages ++ socket.assigns.messages
        end

        assign(socket,
          messages: all_messages,
          current_page: page,
          loading_messages: false,
          has_more_messages: has_more
        )
    end
  end
end
Resource Management
defmodule MyApp.ResourceManager do
  @moduledoc """
  Manages AI agent resources and prevents resource exhaustion.
  """

  use GenServer

  defstruct [
    active_agents: 0,
    max_agents: 100,
    agent_queue: :queue.new(),
    rate_limiter: %{},
    memory_monitor: nil
  ]

  def start_link(_opts) do
    GenServer.start_link(__MODULE__, [], name: __MODULE__)
  end

  def request_agent(user_id, priority \\ :normal) do
    GenServer.call(__MODULE__, {:request_agent, user_id, priority}, 10_000)
  end

  def release_agent(user_id) do
    GenServer.cast(__MODULE__, {:release_agent, user_id})
  end

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

  def init(_) do
    # Start memory monitoring
    {:ok, memory_monitor} = :memsup.start_link()

    state = %__MODULE__{
      memory_monitor: memory_monitor
    }

    # Schedule periodic cleanup
    Process.send_after(self(), :cleanup, 60_000)

    {:ok, state}
  end

  def handle_call({:request_agent, user_id, priority}, from, state) do
    cond do
      # Check rate limiting
      rate_limited?(state, user_id) ->
        {:reply, {:error, :rate_limited}, state}

      # Check resource limits
      state.active_agents >= state.max_agents ->
        # Queue the request
        new_queue = :queue.in({from, user_id, priority}, state.agent_queue)
        {:noreply, %{state | agent_queue: new_queue}}

      # Resources available
      true ->
        new_state = %{state |
          active_agents: state.active_agents + 1,
          rate_limiter: update_rate_limiter(state.rate_limiter, user_id)
        }

        {:reply, {:ok, :agent_granted}, new_state}
    end
  end

  def handle_call(:get_stats, _from, state) do
    stats = %{
      active_agents: state.active_agents,
      max_agents: state.max_agents,
      queued_requests: :queue.len(state.agent_queue),
      memory_usage: get_memory_usage()
    }

    {:reply, stats, state}
  end

  def handle_cast({:release_agent, user_id}, state) do
    new_state = %{state | active_agents: max(0, state.active_agents - 1)}

    # Process queue if space available
    new_state = process_agent_queue(new_state)

    {:noreply, new_state}
  end

  def handle_info(:cleanup, state) do
    # Clean up rate limiter
    now = System.system_time(:second)
    new_rate_limiter = Map.filter(state.rate_limiter, fn {_user, last_time} ->
      now - last_time < 300  # Keep entries for 5 minutes
    end)

    new_state = %{state | rate_limiter: new_rate_limiter}

    # Schedule next cleanup
    Process.send_after(self(), :cleanup, 60_000)

    {:noreply, new_state}
  end

  defp rate_limited?(state, user_id) do
    case Map.get(state.rate_limiter, user_id) do
      nil -> false
      last_request_time ->
        System.system_time(:second) - last_request_time < 10  # 10 second cooldown
    end
  end

  defp update_rate_limiter(rate_limiter, user_id) do
    Map.put(rate_limiter, user_id, System.system_time(:second))
  end

  defp process_agent_queue(state) do
    if state.active_agents < state.max_agents and not :queue.is_empty(state.agent_queue) do
      case :queue.out(state.agent_queue) do
        {{:value, {from, user_id, _priority}}, new_queue} ->
          GenServer.reply(from, {:ok, :agent_granted})

          %{state |
            active_agents: state.active_agents + 1,
            agent_queue: new_queue,
            rate_limiter: update_rate_limiter(state.rate_limiter, user_id)
          }

        {:empty, _} ->
          state
      end
    else
      state
    end
  end

  defp get_memory_usage do
    case :memsup.get_system_memory_data() do
      data when is_list(data) ->
        total = Keyword.get(data, :total_memory, 0)
        free = Keyword.get(data, :free_memory, 0)
        used = total - free

        %{
          total: total,
          used: used,
          free: free,
          usage_percent: if total > 0, do: Float.round(used / total * 100, 2), else: 0
        }

      _ ->
        %{total: 0, used: 0, free: 0, usage_percent: 0}
    end
  end
end

Error Handling & Recovery
Comprehensive Error Handling
defmodule MyAppWeb.ErrorResilientChatLive do
  use Phoenix.LiveView
  require Logger

  def mount(_params, _session, socket) do
    # Set up error recovery
    socket = assign(socket,
      error_count: 0,
      last_error: nil,
      recovery_strategy: :automatic,
      max_retries: 3
    )

    {:ok, socket}
  end

  def handle_event("send_message", %{"message" => message}, socket) do
    case send_message_with_retry(socket, message) do
      {:ok, new_socket} ->
        # Reset error count on success
        {:noreply, assign(new_socket, :error_count, 0)}

      {:error, reason, new_socket} ->
        {:noreply, handle_message_error(new_socket, reason)}
    end
  end

  def handle_event("retry_last_action", _params, socket) do
    # Implement retry logic
    {:noreply, socket}
  end

  defp send_message_with_retry(socket, message, attempt \\ 1) do
    try do
      # Your message sending logic here
      case MyApp.AgentServer.send_message_stream(
        socket.assigns.user_id,
        socket.assigns.conversation_id,
        message,
        self()
      ) do
        {:ok, stream_id} ->
          new_socket =
            socket
            |> assign(:streaming, true)
            |> assign(:current_stream_id, stream_id)

          {:ok, new_socket}

        {:error, reason} when attempt < socket.assigns.max_retries ->
          # Exponential backoff
          :timer.sleep(attempt * 1000)
          send_message_with_retry(socket, message, attempt + 1)

        {:error, reason} ->
          {:error, reason, socket}
      end

    rescue
      error ->
        Logger.error("Message sending error: #{inspect(error)}")

        if attempt < socket.assigns.max_retries do
          :timer.sleep(attempt * 1000)
          send_message_with_retry(socket, message, attempt + 1)
        else
          {:error, error, socket}
        end
    end
  end

  defp handle_message_error(socket, reason) do
    error_count = socket.assigns.error_count + 1

    socket =
      socket
      |> assign(:error_count, error_count)
      |> assign(:last_error, reason)

    cond do
      error_count >= socket.assigns.max_retries ->
        socket
        |> put_flash(:error, "Multiple failures detected. Please refresh the page.")
        |> assign(:recovery_strategy, :manual)

      is_recoverable_error?(reason) ->
        socket
        |> put_flash(:warning, "Temporary issue detected. Retrying automatically...")
        |> schedule_recovery()

      true ->
        socket
        |> put_flash(:error, "Error: #{format_error(reason)}")
        |> assign(:recovery_strategy, :manual)
    end
  end

  defp is_recoverable_error?(reason) do
    case reason do
      %{message: message} when is_binary(message) ->
        String.contains?(message, ["timeout", "connection", "temporary"])

      {:timeout, _} -> true
      {:error, :timeout} -> true
      {:error, :connection_failed} -> true

      _ -> false
    end
  end

  defp schedule_recovery(socket) do
    Process.send_after(self(), :attempt_recovery, 5000)
    assign(socket, :recovery_scheduled, true)
  end

  def handle_info(:attempt_recovery, socket) do
    # Implement recovery logic
    socket =
      socket
      |> assign(:recovery_scheduled, false)
      |> clear_flash()

    {:noreply, socket}
  end

  defp format_error(error) do
    case error do
      %{message: message} -> message
      atom when is_atom(atom) -> Atom.to_string(atom)
      binary when is_binary(binary) -> binary
      _ -> "An unexpected error occurred"
    end
  end
end
Circuit Breaker Pattern
defmodule MyApp.AgentCircuitBreaker do
  @moduledoc """
  Circuit breaker for AI agent calls to prevent cascade failures.
  """

  use GenServer

  defstruct [
    state: :closed,  # :closed, :open, :half_open
    failure_count: 0,
    failure_threshold: 5,
    recovery_timeout: 30_000,
    last_failure_time: nil
  ]

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

  def call_agent(fun) when is_function(fun) do
    GenServer.call(__MODULE__, {:call_agent, fun})
  end

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

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

  def init(opts) do
    state = %__MODULE__{
      failure_threshold: Keyword.get(opts, :failure_threshold, 5),
      recovery_timeout: Keyword.get(opts, :recovery_timeout, 30_000)
    }

    {:ok, state}
  end

  def handle_call({:call_agent, fun}, _from, state) do
    case state.state do
      :closed ->
        execute_call(fun, state)

      :open ->
        if should_attempt_reset?(state) do
          # Try half-open state
          new_state = %{state | state: :half_open}
          execute_call(fun, new_state)
        else
          {:reply, {:error, :circuit_open}, state}
        end

      :half_open ->
        execute_call(fun, state)
    end
  end

  def handle_call(:get_state, _from, state) do
    circuit_state = %{
      state: state.state,
      failure_count: state.failure_count,
      last_failure_time: state.last_failure_time
    }

    {:reply, circuit_state, state}
  end

  def handle_call(:reset, _from, state) do
    new_state = %{state |
      state: :closed,
      failure_count: 0,
      last_failure_time: nil
    }

    {:reply, :ok, new_state}
  end

  defp execute_call(fun, state) do
    try do
      result = fun.()

      # Success - close circuit
      new_state = %{state |
        state: :closed,
        failure_count: 0,
        last_failure_time: nil
      }

      {:reply, {:ok, result}, new_state}

    rescue
      error ->
        handle_failure(state, error)
    end
  end

  defp handle_failure(state, error) do
    new_failure_count = state.failure_count + 1

    new_state = %{state |
      failure_count: new_failure_count,
      last_failure_time: System.monotonic_time(:millisecond)
    }

    new_state = if new_failure_count >= state.failure_threshold do
      %{new_state | state: :open}
    else
      new_state
    end

    {:reply, {:error, error}, new_state}
  end

  defp should_attempt_reset?(state) do
    if state.last_failure_time do
      elapsed = System.monotonic_time(:millisecond) - state.last_failure_time
      elapsed >= state.recovery_timeout
    else
      true
    end
  end
end

Testing Strategies
LiveView Testing
defmodule MyAppWeb.ChatLiveTest do
  use MyAppWeb.ConnCase
  import Phoenix.LiveViewTest

  setup do
    # Set up test data
    user = create_user()
    conversation = create_conversation(user)

    %{user: user, conversation: conversation}
  end

  describe "chat functionality" do
    test "renders chat interface", %{conn: conn, user: user, conversation: conversation} do
      {:ok, view, html} = live(conn, "/chat/#{conversation.id}")

      assert html =~ "Chat"
      assert has_element?(view, "#message-input")
      assert has_element?(view, "[phx-click='send_message']")
    end

    test "sends and receives messages", %{conn: conn, conversation: conversation} do
      # Mock AI responses
      mock_agent_response()

      {:ok, view, _html} = live(conn, "/chat/#{conversation.id}")

      # Send a message
      view
      |> form("#chat-form", message: "Hello, AI!")
      |> render_submit()

      # Check user message appears
      assert has_element?(view, "[data-role='user']", "Hello, AI!")

      # Wait for AI response
      assert_receive {:ai_response, _message}, 5000

      # Check AI response appears
      assert has_element?(view, "[data-role='assistant']")
    end

    test "handles streaming responses", %{conn: conn, conversation: conversation} do
      mock_streaming_response()

      {:ok, view, _html} = live(conn, "/chat/#{conversation.id}")

      # Send message that triggers streaming
      view
      |> form("#chat-form", message: "Tell me a story")
      |> render_submit()

      # Check streaming indicator appears
      assert has_element?(view, ".streaming-indicator")

      # Simulate stream chunks
      send(view.pid, {:stream_chunk, "Once upon a time"})
      send(view.pid, {:stream_chunk, ", there was a brave"})
      send(view.pid, {:stream_complete, %{content: "Once upon a time, there was a brave knight."}})

      # Check final message
      assert has_element?(view, "[data-role='assistant']", "Once upon a time, there was a brave knight.")
      refute has_element?(view, ".streaming-indicator")
    end

    test "handles connection errors gracefully", %{conn: conn, conversation: conversation} do
      mock_agent_error()

      {:ok, view, _html} = live(conn, "/chat/#{conversation.id}")

      # Send message that will cause error
      view
      |> form("#chat-form", message: "This will cause an error")
      |> render_submit()

      # Check error message appears
      assert has_element?(view, ".error-message")
      assert has_element?(view, "[phx-click='retry_message']")
    end

    test "prevents multiple concurrent requests", %{conn: conn, conversation: conversation} do
      mock_slow_agent_response()

      {:ok, view, _html} = live(conn, "/chat/#{conversation.id}")

      # Send first message
      view
      |> form("#chat-form", message: "First message")
      |> render_submit()

      # Try to send second message while first is processing
      view
      |> form("#chat-form", message: "Second message")
      |> render_submit()

      # Check that input is disabled and second message is not sent
      assert has_element?(view, "#message-input[disabled]")
    end
  end

  describe "real-time features" do
    test "updates when other users send messages", %{conn: conn, conversation: conversation} do
      {:ok, view, _html} = live(conn, "/chat/#{conversation.id}")

      # Simulate message from another user
      other_user_message = %{
        id: "msg-123",
        user_id: "other-user",
        content: "Hello from another user",
        timestamp: DateTime.utc_now(),
        role: :user
      }

      send(view.pid, {:new_message, other_user_message})

      # Check message appears
      assert has_element?(view, "[data-message-id='msg-123']", "Hello from another user")
    end

    test "shows typing indicators", %{conn: conn, conversation: conversation} do
      {:ok, view, _html} = live(conn, "/chat/#{conversation.id}")

      # Simulate typing from another user
      send(view.pid, {:user_typing, "other-user", true})

      assert has_element?(view, ".typing-indicator", "other-user is typing...")

      # Stop typing
      send(view.pid, {:user_typing, "other-user", false})

      refute has_element?(view, ".typing-indicator")
    end
  end

  # Test helpers
  defp mock_agent_response do
    response = %{
      output: "Hello! How can I help you?",
      usage: %{total_tokens: 25}
    }

    Mox.stub(MockAgent, :run, fn _agent, _message -> {:ok, response} end)
  end

  defp mock_streaming_response do
    Mox.stub(MockAgent, :run_stream, fn _agent, _message ->
      [
        {:text_delta, "Hello!"},
        {:text_delta, " How can I"},
        {:text_delta, " help you?"},
        {:finish, %{output: "Hello! How can I help you?", usage: %{total_tokens: 25}}}
      ]
    end)
  end

  defp mock_agent_error do
    Mox.stub(MockAgent, :run, fn _agent, _message ->
      {:error, "Connection timeout"}
    end)
  end

  defp mock_slow_agent_response do
    Mox.stub(MockAgent, :run, fn _agent, _message ->
      Process.sleep(1000)
      {:ok, %{output: "Slow response", usage: %{total_tokens: 10}}}
    end)
  end
end
GenServer Testing
defmodule MyApp.AgentServerTest do
  use ExUnit.Case
  alias MyApp.AgentServer

  setup do
    user_id = "test-user"
    conversation_id = "test-conversation"

    {:ok, pid} = AgentServer.start_link(user_id: user_id, conversation_id: conversation_id)

    %{pid: pid, user_id: user_id, conversation_id: conversation_id}
  end

  describe "message handling" do
    test "sends and receives messages", %{pid: pid} do
      message = "Hello, AI!"

      assert {:ok, response} = GenServer.call(pid, {:send_message, message, []})
      assert response.role == :assistant
      assert is_binary(response.content)
      assert response.timestamp
    end

    test "maintains conversation history", %{pid: pid} do
      # Send multiple messages
      GenServer.call(pid, {:send_message, "First message", []})
      GenServer.call(pid, {:send_message, "Second message", []})

      {:ok, conversation} = GenServer.call(pid, :get_conversation)

      assert length(conversation.messages) == 4  # 2 user + 2 assistant
      assert Enum.at(conversation.messages, 0).content == "First message"
      assert Enum.at(conversation.messages, 2).content == "Second message"
    end

    test "handles streaming messages", %{pid: pid} do
      parent = self()
      message = "Tell me a story"

      assert {:ok, stream_id} = GenServer.call(pid, {:send_message_stream, message, parent, []})
      assert is_binary(stream_id)

      # Should receive stream events
      assert_receive {:stream_chunk, ^stream_id, _text}, 5000
      assert_receive {:stream_complete, ^stream_id, response}, 10000

      assert response.role == :assistant
      assert is_binary(response.content)
    end
  end

  describe "settings management" do
    test "updates agent settings", %{pid: pid} do
      new_settings = %{
        model: "anthropic:claude-3-5-sonnet",
        instructions: "Be very formal",
        model_settings: %{temperature: 0.1}
      }

      assert :ok = GenServer.call(pid, {:update_settings, new_settings})

      {:ok, conversation} = GenServer.call(pid, :get_conversation)
      assert conversation.settings == new_settings
    end
  end

  describe "error handling" do
    test "handles agent errors gracefully", %{pid: pid} do
      # Mock an error in the agent
      with_mock_agent_error(fn ->
        assert {:error, _reason} = GenServer.call(pid, {:send_message, "Error message", []})
      end)

      # Agent should still be responsive
      assert Process.alive?(pid)
    end

    test "recovers from temporary failures", %{pid: pid} do
      # Simulate temporary failure followed by success
      with_mock_agent_temporary_failure(fn ->
        # First call fails
        assert {:error, _} = GenServer.call(pid, {:send_message, "Fail", []})

        # Second call succeeds
        assert {:ok, _} = GenServer.call(pid, {:send_message, "Success", []})
      end)
    end
  end

  describe "cleanup and shutdown" do
    test "cleans up resources on shutdown", %{pid: pid} do
      # Add some conversation history
      GenServer.call(pid, {:send_message, "Test message", []})

      # Stop the process
      GenServer.stop(pid)

      # Should not be alive
      refute Process.alive?(pid)
    end

    test "times out inactive agents" do
      # This would require mocking the idle timeout
      # and controlling time, implementation depends on your specific setup
    end
  end

  # Test helper functions
  defp with_mock_agent_error(fun) do
    # Implementation depends on your mocking strategy
    fun.()
  end

  defp with_mock_agent_temporary_failure(fun) do
    # Implementation depends on your mocking strategy
    fun.()
  end
end

Complete Examples
Full-Featured Chat Application
# Complete single-file chat application with all features
defmodule MyAppWeb.CompleteChatLive do
  use Phoenix.LiveView
  alias Phoenix.PubSub

  # State management
  def mount(%{"room_id" => room_id}, session, socket) do
    user_id = get_user_id(session)

    if connected?(socket) do
      # Subscribe to room and user-specific events
      PubSub.subscribe(MyApp.PubSub, "room:#{room_id}")
      PubSub.subscribe(MyApp.PubSub, "room:#{room_id}:user:#{user_id}")

      # Join room
      MyApp.RoomManager.join_room(room_id, user_id)

      # Load conversation history
      {:ok, conversation} = MyApp.AgentServer.get_conversation(user_id, room_id)
    end

    socket = assign(socket,
      # Core state
      room_id: room_id,
      user_id: user_id,
      messages: conversation[:messages] || [],
      participants: [],

      # Input state
      input: "",
      uploading_file: false,

      # Streaming state
      streaming: false,
      current_response: "",
      stream_id: nil,

      # UI state
      typing_users: MapSet.new(),
      scroll_position: :bottom,
      show_participants: false,

      # Error state
      connection_status: :connected,
      last_error: nil,
      retry_count: 0
    )

    {:ok, socket}
  end

  # Message handling
  def handle_event("send_message", %{"message" => message}, socket) do
    if can_send_message?(socket, message) do
      case MyApp.AgentServer.send_message_stream(
        socket.assigns.user_id,
        socket.assigns.room_id,
        message,
        self()
      ) do
        {:ok, stream_id} ->
          user_msg = create_user_message(message, socket.assigns.user_id)

          socket =
            socket
            |> add_message(user_msg)
            |> assign(:input, "")
            |> assign(:streaming, true)
            |> assign(:stream_id, stream_id)
            |> assign(:current_response, "")
            |> assign(:retry_count, 0)

          {:noreply, socket}

        {:error, reason} ->
          socket = handle_send_error(socket, reason)
          {:noreply, socket}
      end
    else
      {:noreply, socket}
    end
  end

  # Input management
  def handle_event("update_input", %{"value" => value}, socket) do
    socket = assign(socket, :input, value)

    # Handle typing indicators
    socket = handle_typing_indicator(socket, value != "")

    {:noreply, socket}
  end

  def handle_event("key_down", %{"key" => "Enter", "shiftKey" => false}, socket) do
    handle_event("send_message", %{"message" => socket.assigns.input}, socket)
  end

  def handle_event("key_down", _params, socket), do: {:noreply, socket}

  # File upload
  def handle_event("file_upload", params, socket) do
    # Handle file upload logic
    {:noreply, socket}
  end

  # Message actions
  def handle_event("delete_message", %{"message_id" => message_id}, socket) do
    new_messages = Enum.reject(socket.assigns.messages, &(&1.id == message_id))
    {:noreply, assign(socket, :messages, new_messages)}
  end

  def handle_event("edit_message", %{"message_id" => message_id, "content" => content}, socket) do
    new_messages = update_message_content(socket.assigns.messages, message_id, content)
    {:noreply, assign(socket, :messages, new_messages)}
  end

  # UI controls
  def handle_event("toggle_participants", _params, socket) do
    {:noreply, assign(socket, :show_participants, not socket.assigns.show_participants)}
  end

  def handle_event("scroll_to_bottom", _params, socket) do
    {:noreply, push_event(socket, "scroll_to_bottom", %{})}
  end

  def handle_event("stop_streaming", _params, socket) do
    # Cancel current stream
    if socket.assigns.streaming do
      MyApp.AgentServer.cancel_stream(socket.assigns.stream_id)

      socket =
        socket
        |> assign(:streaming, false)
        |> assign(:current_response, "")
        |> assign(:stream_id, nil)

      {:noreply, socket}
    else
      {:noreply, socket}
    end
  end

  # Real-time events
  def handle_info({:new_message, message}, socket) do
    socket = add_message(socket, message)
    {:noreply, socket}
  end

  def handle_info({:stream_chunk, stream_id, text}, socket) do
    if stream_id == socket.assigns.stream_id do
      new_response = socket.assigns.current_response <> text

      socket =
        socket
        |> assign(:current_response, new_response)
        |> push_event("stream_text", %{text: text})

      {:noreply, socket}
    else
      {:noreply, socket}
    end
  end

  def handle_info({:stream_complete, stream_id, message}, socket) do
    if stream_id == socket.assigns.stream_id do
      socket =
        socket
        |> add_message(message)
        |> assign(:streaming, false)
        |> assign(:current_response, "")
        |> assign(:stream_id, nil)
        |> push_event("scroll_to_bottom", %{})

      {:noreply, socket}
    else
      {:noreply, socket}
    end
  end

  def handle_info({:stream_error, stream_id, error}, socket) do
    if stream_id == socket.assigns.stream_id do
      socket = handle_stream_error(socket, error)
      {:noreply, socket}
    else
      {:noreply, socket}
    end
  end

  def handle_info({:user_typing, user_id, typing}, socket) do
    typing_users = if typing do
      MapSet.put(socket.assigns.typing_users, user_id)
    else
      MapSet.delete(socket.assigns.typing_users, user_id)
    end

    {:noreply, assign(socket, :typing_users, typing_users)}
  end

  def handle_info({:participants_updated, participants}, socket) do
    {:noreply, assign(socket, :participants, participants)}
  end

  def handle_info({:connection_status, status}, socket) do
    {:noreply, assign(socket, :connection_status, status)}
  end

  # Cleanup
  def terminate(_reason, socket) do
    if socket.assigns[:room_id] && socket.assigns[:user_id] do
      MyApp.RoomManager.leave_room(socket.assigns.room_id, socket.assigns.user_id)
    end
    :ok
  end

  # Render function with complete UI
  def render(assigns) do
    ~H"""
    <div class="flex h-screen bg-gray-900 text-gray-100">
      <!-- Sidebar with participants (if shown) -->
      <div class={"transition-all duration-300 #{if @show_participants, do: "w-64", else: "w-0"} overflow-hidden bg-gray-800 border-r border-gray-700"}>
        <div class="p-4">
          <h3 class="text-lg font-semibold mb-4">Participants</h3>
          <div class="space-y-2">
            <%= for participant <- @participants do %>
              <div class="flex items-center space-x-2">
                <div class="w-3 h-3 bg-green-400 rounded-full"></div>
                <span class="text-sm"><%= participant %></span>
              </div>
            <% end %>
          </div>
        </div>
      </div>

      <!-- Main chat area -->
      <div class="flex-1 flex flex-col">
        <!-- Header -->
        <div class="bg-gray-800 border-b border-gray-700 px-6 py-4">
          <div class="flex items-center justify-between">
            <div>
              <h1 class="text-xl font-semibold">Room <%= @room_id %></h1>
              <div class="flex items-center space-x-4 text-sm text-gray-400">
                <span class={"flex items-center space-x-1 #{connection_status_class(@connection_status)}"}>
                  <div class="w-2 h-2 rounded-full bg-current"></div>
                  <span><%= connection_status_text(@connection_status) %></span>
                </span>

                <%= if @streaming do %>
                  <span class="text-yellow-400 animate-pulse">AI is responding...</span>
                <% end %>
              </div>
            </div>

            <div class="flex items-center space-x-2">
              <button
                phx-click="toggle_participants"
                class="p-2 rounded-lg bg-gray-700 hover:bg-gray-600 transition-colors"
              >
                👥
              </button>

              <%= if @streaming do %>
                <button
                  phx-click="stop_streaming"
                  class="px-3 py-2 bg-red-600 hover:bg-red-700 rounded-lg text-sm transition-colors"
                >
                  Stop
                </button>
              <% end %>
            </div>
          </div>
        </div>

        <!-- Messages area -->
        <div
          id="messages-container"
          class="flex-1 overflow-y-auto p-6 space-y-4"
          phx-hook="ChatScroll"
        >
          <%= if Enum.empty?(@messages) do %>
            <div class="text-center text-gray-400 py-20">
              <div class="text-4xl mb-4">💬</div>
              <p>Start a conversation!</p>
            </div>
          <% else %>
            <%= for message <- @messages do %>
              <div class={message_container_class(message)}>
                <%= render_message(assigns, message) %>
              </div>
            <% end %>
          <% end %>

          <!-- Current streaming response -->
          <%= if @streaming and @current_response != "" do %>
            <div class="flex justify-start">
              <%= render_streaming_message(assigns) %>
            </div>
          <% end %>

          <!-- Typing indicators -->
          <%= if not Enum.empty?(@typing_users) do %>
            <div class="text-sm text-gray-400 italic">
              <%= format_typing_users(@typing_users) %>
            </div>
          <% end %>
        </div>

        <!-- Error banner -->
        <%= if @last_error do %>
          <div class="bg-red-900 border-t border-red-700 px-6 py-3">
            <div class="flex items-center justify-between">
              <span class="text-sm text-red-100"><%= @last_error %></span>
              <button
                phx-click="retry_last_message"
                class="text-sm bg-red-700 hover:bg-red-600 px-3 py-1 rounded"
              >
                Retry
              </button>
            </div>
          </div>
        <% end %>

        <!-- Input area -->
        <div class="bg-gray-800 border-t border-gray-700 p-6">
          <form phx-submit="send_message" class="flex space-x-4">
            <div class="flex-1">
              <textarea
                name="message"
                value={@input}
                phx-change="update_input"
                phx-keydown="key_down"
                placeholder="Type your message... (Enter to send, Shift+Enter for new line)"
                rows="2"
                disabled={@streaming}
                class="w-full px-4 py-3 bg-gray-700 border border-gray-600 rounded-lg
                       text-gray-100 placeholder-gray-400 resize-none
                       focus:ring-2 focus:ring-blue-500 focus:border-transparent
                       disabled:bg-gray-600 disabled:cursor-not-allowed"
              ><%= @input %></textarea>
            </div>

            <div class="flex flex-col space-y-2">
              <!-- File upload button -->
              <button
                type="button"
                class="p-3 bg-gray-700 hover:bg-gray-600 rounded-lg transition-colors"
                title="Attach file"
              >
                📎
              </button>

              <!-- Send button -->
              <button
                type="submit"
                disabled={@input == "" or @streaming}
                class="p-3 bg-blue-600 text-white rounded-lg
                       hover:bg-blue-700 disabled:bg-gray-600 disabled:cursor-not-allowed
                       transition-colors flex items-center justify-center"
              >
                <%= if @streaming do %>
                  <div class="w-4 h-4 border-2 border-white border-t-transparent rounded-full animate-spin"></div>
                <% else %>
                  ➤
                <% end %>
              </button>
            </div>
          </form>
        </div>
      </div>
    </div>
    """
  end

  # Helper functions
  defp can_send_message?(socket, message) do
    String.trim(message) != "" and
    not socket.assigns.streaming and
    socket.assigns.connection_status == :connected
  end

  defp create_user_message(content, user_id) do
    %{
      id: generate_id(),
      role: :user,
      user_id: user_id,
      content: content,
      timestamp: DateTime.utc_now()
    }
  end

  defp add_message(socket, message) do
    new_messages = socket.assigns.messages ++ [message]
    assign(socket, :messages, new_messages)
  end

  defp handle_typing_indicator(socket, typing) do
    # Broadcast typing status
    PubSub.broadcast(MyApp.PubSub, "room:#{socket.assigns.room_id}", {
      :user_typing,
      socket.assigns.user_id,
      typing
    })

    socket
  end

  defp handle_send_error(socket, reason) do
    retry_count = socket.assigns.retry_count + 1

    socket
    |> assign(:last_error, format_error(reason))
    |> assign(:retry_count, retry_count)
    |> assign(:connection_status, if(retry_count >= 3, do: :error, else: :connected))
  end

  defp handle_stream_error(socket, error) do
    socket
    |> assign(:streaming, false)
    |> assign(:current_response, "")
    |> assign(:stream_id, nil)
    |> assign(:last_error, "Stream error: #{format_error(error)}")
  end

  # UI helper functions
  defp message_container_class(message) do
    base = "flex"
    case message.role do
      :user -> "#{base} justify-end"
      :assistant -> "#{base} justify-start"
      :system -> "#{base} justify-center"
      _ -> base
    end
  end

  defp connection_status_class(:connected), do: "text-green-400"
  defp connection_status_class(:connecting), do: "text-yellow-400"
  defp connection_status_class(:disconnected), do: "text-red-400"
  defp connection_status_class(:error), do: "text-red-400"

  defp connection_status_text(:connected), do: "Connected"
  defp connection_status_text(:connecting), do: "Connecting..."
  defp connection_status_text(:disconnected), do: "Disconnected"
  defp connection_status_text(:error), do: "Connection Error"

  defp format_typing_users(users) do
    user_list = users |> Enum.take(3) |> Enum.join(", ")
    count = Enum.count(users)

    cond do
      count == 1 -> "#{user_list} is typing..."
      count <= 3 -> "#{user_list} are typing..."
      true -> "#{user_list} and #{count - 3} others are typing..."
    end
  end

  defp format_error(error) do
    case error do
      %{message: msg} -> msg
      atom when is_atom(atom) -> Atom.to_string(atom)
      binary when is_binary(binary) -> binary
      _ -> "Unknown error"
    end
  end

  defp get_user_id(session) do
    # Implementation depends on your authentication system
    session["user_id"] || "anonymous-#{:rand.uniform(1000)}"
  end

  defp generate_id, do: :crypto.strong_rand_bytes(8) |> Base.url_encode64()

  # Additional render helpers
  defp render_message(assigns, message) do
    # Implementation for rendering different message types
  end

  defp render_streaming_message(assigns) do
    # Implementation for streaming message UI
  end

  defp update_message_content(messages, message_id, new_content) do
    Enum.map(messages, fn msg ->
      if msg.id == message_id do
        %{msg | content: new_content, edited: true}
      else
        msg
      end
    end)
  end
end
This comprehensive guide covers all aspects of integrating Nous AI with Phoenix LiveView, from basic patterns to production-ready systems. The examples are designed to be practical and can be adapted to your specific use cases.
Key takeaways:
	Start simple with basic LiveView integration
	Add streaming for better user experience
	Use GenServer for stateful agent management
	Leverage PubSub for multi-user coordination
	Plan for errors and implement recovery strategies
	Test thoroughly with proper mocking
	Optimize for scale with resource management

The patterns shown here provide a solid foundation for building production AI applications with Phoenix LiveView.


  

    🏗️ Production Best Practices

Comprehensive guide for deploying Nous AI agents in production environments.
Quick Reference
Planning production deployment? Review these critical areas:
	Security - Authentication, authorization, data protection
	Performance - Scaling, caching, monitoring
	Reliability - Error handling, fallbacks, testing
	Operations - Monitoring, logging, deployment

Architecture Patterns
Stateless Agents (Recommended)
# ✅ Good: Stateless, easy to scale
def handle_request(request) do
  agent = Nous.new(model, instructions: get_instructions())

  Nous.run(agent, request.prompt,
    message_history: request.history,
    deps: %{
      user_id: request.user_id,
      database: MyApp.Repo,
      permissions: request.user.permissions
    }
  )
end
GenServer Agents (For Persistent State)
# ✅ Good: When you need persistent conversation state
defmodule MyApp.AgentServer do
  use GenServer

  # See distributed_agent_example.ex for complete implementation
  def handle_call({:chat, message}, _from, state) do
    case Nous.run(state.agent, message,
           message_history: state.conversation_history) do
      {:ok, result} ->
        new_state = update_conversation_state(state, result)
        {:reply, {:ok, result}, new_state}

      {:error, reason} ->
        {:reply, {:error, reason}, state}
    end
  end
end
Distributed Agents
# ✅ Production pattern: Registry-based distribution
{:ok, agent_pid} = MyApp.AgentSupervisor.start_child(
  MyApp.DistributedAgent,
  name: {:via, Registry, {MyApp.AgentRegistry, "user:#{user_id}"}},
  model: "anthropic:claude-sonnet-4-5-20250929",
  owner_pid: self()
)
Security
Authentication & Authorization
defmodule MyApp.Security do
  def authenticate_request(conn) do
    with {:ok, token} <- extract_bearer_token(conn),
         {:ok, user} <- verify_jwt_token(token),
         :ok <- check_user_active(user) do
      {:ok, user}
    else
      error -> {:error, :unauthorized}
    end
  end

  def authorize_agent_access(user, agent_id) do
    cond do
      user.role == :admin -> :ok
      agent_belongs_to_user?(agent_id, user.id) -> :ok
      user_has_shared_access?(user.id, agent_id) -> :ok
      true -> {:error, :forbidden}
    end
  end
end

# Usage in Phoenix controller
def chat(conn, %{"message" => message, "agent_id" => agent_id}) do
  with {:ok, user} <- MyApp.Security.authenticate_request(conn),
       :ok <- MyApp.Security.authorize_agent_access(user, agent_id) do
    # Proceed with agent interaction
    handle_chat_request(user, agent_id, message)
  else
    {:error, :unauthorized} ->
      conn |> put_status(401) |> json(%{error: "Authentication required"})
    {:error, :forbidden} ->
      conn |> put_status(403) |> json(%{error: "Access denied"})
  end
end
Data Protection
defmodule MyApp.DataProtection do
  @doc """
  Sanitize sensitive data before sending to AI providers
  """
  def sanitize_for_ai(content) do
    content
    |> redact_emails()
    |> redact_phone_numbers()
    |> redact_credit_cards()
    |> redact_api_keys()
  end

  defp redact_emails(content) do
    Regex.replace(~r/\b[A-Za-z0-9._%+-]+@[A-Za-z0-9.-]+\.[A-Z|a-z]{2,}\b/,
                  content, "[EMAIL_REDACTED]")
  end

  defp redact_api_keys(content) do
    # Redact common API key patterns
    content
    |> String.replace(~r/sk-[a-zA-Z0-9]{32,}/, "[API_KEY_REDACTED]")
    |> String.replace(~r/Bearer [a-zA-Z0-9_-]+/, "Bearer [TOKEN_REDACTED]")
  end

  @doc """
  Encrypt conversation history before storage
  """
  def encrypt_conversation(conversation_data) do
    key = get_encryption_key()
    :crypto.crypto_one_time(:aes_256_gcm, key, generate_iv(),
                           Jason.encode!(conversation_data), true)
  end
end
Environment Security
# config/runtime.exs
import Config

# Never commit API keys to version control
config :myapp, :ai_providers,
  anthropic_api_key: System.fetch_env!("ANTHROPIC_API_KEY"),
  openai_api_key: System.fetch_env!("OPENAI_API_KEY"),
  gemini_api_key: System.get_env("GEMINI_API_KEY")

# Validate critical environment variables
if config_env() == :prod do
  unless System.get_env("DATABASE_URL") do
    raise "DATABASE_URL environment variable is not set"
  end
end
Performance
Connection Pooling
# config/config.exs
config :myapp, :http_client,
  pools: %{
    anthropic: [
      size: 20,
      max_overflow: 10,
      timeout: 30_000
    ],
    openai: [
      size: 15,
      max_overflow: 5,
      timeout: 30_000
    ]
  }

# HTTP client wrapper
defmodule MyApp.HTTPClient do
  def post(provider, url, body, headers) do
    pool_name = String.to_atom("#{provider}_pool")

    HTTPoison.post(url, body, headers, [
      hackney: [pool: pool_name],
      timeout: 30_000,
      recv_timeout: 30_000
    ])
  end
end
Response Caching
defmodule MyApp.AgentCache do
  @cache_ttl 300_000  # 5 minutes

  def cached_response(cache_key, fun) do
    case Cachex.get(:agent_cache, cache_key) do
      {:ok, cached_result} ->
        cached_result

      {:ok, nil} ->
        result = fun.()
        Cachex.put(:agent_cache, cache_key, result, ttl: @cache_ttl)
        result
    end
  end

  def generate_cache_key(prompt, model, context_hash) do
    :crypto.hash(:sha256, "#{prompt}:#{model}:#{context_hash}")
    |> Base.encode64(padding: false)
  end
end
Background Processing
defmodule MyApp.AgentWorker do
  use Oban.Worker, queue: :ai_agents, max_attempts: 3

  @impl Oban.Worker
  def perform(%Oban.Job{args: %{"user_id" => user_id, "prompt" => prompt}}) do
    agent = create_agent_for_user(user_id)

    case Nous.run(agent, prompt) do
      {:ok, result} ->
        MyApp.Notifications.send_result(user_id, result)
        :ok

      {:error, reason} ->
        {:error, reason}
    end
  end

  # Schedule background processing
  def schedule_agent_task(user_id, prompt) do
    %{user_id: user_id, prompt: prompt}
    |> MyApp.AgentWorker.new()
    |> Oban.insert()
  end
end
Resource Limits
defmodule MyApp.ResourceLimiter do
  def enforce_limits(user, request) do
    with :ok <- check_token_limit(user, request),
         :ok <- check_rate_limit(user),
         :ok <- check_concurrent_requests(user) do
      :ok
    else
      error -> error
    end
  end

  defp check_token_limit(user, request) do
    daily_limit = get_user_token_limit(user)
    daily_usage = get_daily_token_usage(user.id)
    estimated_tokens = estimate_request_tokens(request)

    if daily_usage + estimated_tokens <= daily_limit do
      :ok
    else
      {:error, :token_limit_exceeded}
    end
  end

  defp check_concurrent_requests(user) do
    current_requests = count_user_requests(user.id)
    max_concurrent = get_user_concurrent_limit(user)

    if current_requests < max_concurrent do
      :ok
    else
      {:error, :too_many_concurrent_requests}
    end
  end
end
Reliability
Circuit Breaker Pattern
defmodule MyApp.CircuitBreaker do
  use GenServer

  def call(provider, fun) do
    case GenServer.call(__MODULE__, {:check_circuit, provider}) do
      :closed ->
        execute_with_monitoring(provider, fun)

      :open ->
        {:error, :circuit_breaker_open}

      :half_open ->
        # Try one request to test if service recovered
        case execute_with_monitoring(provider, fun) do
          {:ok, result} ->
            GenServer.cast(__MODULE__, {:success, provider})
            {:ok, result}

          {:error, _} = error ->
            GenServer.cast(__MODULE__, {:failure, provider})
            error
        end
    end
  end

  defp execute_with_monitoring(provider, fun) do
    case fun.() do
      {:ok, result} ->
        GenServer.cast(__MODULE__, {:success, provider})
        {:ok, result}

      {:error, _} = error ->
        GenServer.cast(__MODULE__, {:failure, provider})
        error
    end
  end
end
Fallback Strategies
defmodule MyApp.FallbackAgent do
  @providers [
    %{name: :primary, model: "anthropic:claude-sonnet-4-5-20250929", priority: 1},
    %{name: :secondary, model: "openai:gpt-4", priority: 2},
    %{name: :local, model: "lmstudio:qwen3-vl-4b-thinking-mlx", priority: 3}
  ]

  def run_with_fallback(prompt, context) do
    @providers
    |> Enum.sort_by(& &1.priority)
    |> attempt_providers(prompt, context)
  end

  defp attempt_providers([provider | remaining], prompt, context) do
    agent = Nous.new(provider.model)

    case Nous.run(agent, prompt, context) do
      {:ok, result} ->
        Logger.info("Request succeeded with #{provider.name}")
        {:ok, result}

      {:error, reason} ->
        Logger.warning("Provider #{provider.name} failed: #{inspect(reason)}")

        case remaining do
          [] -> {:error, :all_providers_failed}
          _ -> attempt_providers(remaining, prompt, context)
        end
    end
  end
end
Health Monitoring
defmodule MyApp.HealthCheck do
  def system_health do
    checks = [
      database: check_database(),
      ai_providers: check_ai_providers(),
      cache: check_cache(),
      external_apis: check_external_apis()
    ]

    overall_status = if Enum.all?(checks, fn {_, status} -> status == :healthy end) do
      :healthy
    else
      :degraded
    end

    %{
      status: overall_status,
      checks: checks,
      timestamp: DateTime.utc_now(),
      version: MyApp.version()
    }
  end

  defp check_ai_providers do
    providers = [:anthropic, :openai, :local]

    provider_statuses = Enum.map(providers, fn provider ->
      case test_provider(provider) do
        :ok -> {provider, :healthy}
        {:error, _} -> {provider, :unhealthy}
      end
    end)

    if Enum.any?(provider_statuses, fn {_, status} -> status == :healthy end) do
      :healthy
    else
      :unhealthy
    end
  end
end
Operations
Structured Logging
defmodule MyApp.AgentLogger do
  require Logger

  def log_agent_request(user_id, prompt, metadata \\ %{}) do
    Logger.info("Agent request initiated",
      user_id: user_id,
      prompt_length: String.length(prompt),
      metadata: metadata,
      timestamp: DateTime.utc_now()
    )
  end

  def log_agent_response(user_id, result, duration_ms) do
    Logger.info("Agent response completed",
      user_id: user_id,
      tokens_used: result.usage.total_tokens,
      tool_calls: result.usage.tool_calls,
      duration_ms: duration_ms,
      success: true
    )
  end

  def log_agent_error(user_id, error, duration_ms) do
    Logger.error("Agent request failed",
      user_id: user_id,
      error: inspect(error),
      duration_ms: duration_ms,
      success: false
    )
  end
end
Telemetry Integration
defmodule MyApp.Telemetry do
  def setup do
    :telemetry.attach_many(
      "myapp-telemetry",
      [
        [:nous, :agent, :run, :start],
        [:nous, :agent, :run, :stop],
        [:nous, :tool, :execute, :start],
        [:nous, :tool, :execute, :stop]
      ],
      &handle_event/4,
      []
    )
  end

  def handle_event([:nous, :agent, :run, :stop], measurements, metadata, _config) do
    # Send metrics to monitoring system
    :telemetry_metrics.counter([{:nous, :requests}, {:status, metadata.status}])
    :telemetry_metrics.distribution([{:nous, :duration}], measurements.duration)
    :telemetry_metrics.distribution([{:nous, :tokens}], metadata.tokens_used)
  end

  def handle_event([:nous, :tool, :execute, :stop], measurements, metadata, _config) do
    :telemetry_metrics.counter([{:nous, :tool_calls}, {:tool, metadata.tool_name}])
    :telemetry_metrics.distribution([{:nous, :tool_duration}], measurements.duration)
  end
end
Deployment Configuration
# rel/env.sh.eex
#!/bin/bash

# Production environment variables
export PHX_SERVER=true
export PORT=4000

# Database configuration
export DATABASE_URL="postgresql://user:pass@db:5432/myapp_prod"
export POOL_SIZE=20

# AI Provider Keys
export ANTHROPIC_API_KEY="${ANTHROPIC_API_KEY:?ANTHROPIC_API_KEY is required}"
export OPENAI_API_KEY="${OPENAI_API_KEY:?OPENAI_API_KEY is required}"

# Redis for caching
export REDIS_URL="redis://redis:6379/0"

# Monitoring
export HONEYBADGER_API_KEY="${HONEYBADGER_API_KEY}"
export NEW_RELIC_LICENSE_KEY="${NEW_RELIC_LICENSE_KEY}"

# Security
export SECRET_KEY_BASE="${SECRET_KEY_BASE:?SECRET_KEY_BASE is required}"
export ENCRYPTION_SALT="${ENCRYPTION_SALT:?ENCRYPTION_SALT is required}"
Docker Configuration
# Dockerfile
FROM elixir:1.17-alpine AS builder

# Install build dependencies
RUN apk add --no-cache git build-base

WORKDIR /app

# Install Elixir dependencies
COPY mix.exs mix.lock ./
RUN mix local.hex --force && \
    mix local.rebar --force && \
    mix deps.get --only prod

# Compile application
COPY . .
RUN MIX_ENV=prod mix compile
RUN MIX_ENV=prod mix release

# Runtime image
FROM alpine:3.18

RUN apk add --no-cache openssl ncurses-libs

WORKDIR /app

COPY --from=builder /app/_build/prod/rel/myapp ./

# Health check
HEALTHCHECK --interval=30s --timeout=5s --start-period=30s --retries=3 \
  CMD /app/bin/myapp rpc "MyApp.HealthCheck.system_health().status == :healthy"

EXPOSE 4000

CMD ["/app/bin/myapp", "start"]
Kubernetes Configuration
# k8s/deployment.yaml
apiVersion: apps/v1
kind: Deployment
metadata:
  name: myapp-agents
spec:
  replicas: 3
  selector:
    matchLabels:
      app: myapp-agents
  template:
    metadata:
      labels:
        app: myapp-agents
    spec:
      containers:
      - name: myapp
        image: myapp:latest
        ports:
        - containerPort: 4000
        env:
        - name: DATABASE_URL
          valueFrom:
            secretKeyRef:
              name: myapp-secrets
              key: database-url
        - name: ANTHROPIC_API_KEY
          valueFrom:
            secretKeyRef:
              name: ai-provider-keys
              key: anthropic-key
        resources:
          requests:
            memory: "512Mi"
            cpu: "250m"
          limits:
            memory: "1Gi"
            cpu: "500m"
        livenessProbe:
          httpGet:
            path: /health
            port: 4000
          initialDelaySeconds: 30
          periodSeconds: 30
        readinessProbe:
          httpGet:
            path: /ready
            port: 4000
          initialDelaySeconds: 10
          periodSeconds: 5
Monitoring & Alerting
Key Metrics to Track
defmodule MyApp.Metrics do
  @metrics [
    # Performance metrics
    counter("agent.requests.total", tags: [:status, :provider]),
    distribution("agent.duration", unit: :millisecond, tags: [:provider]),
    distribution("agent.tokens", tags: [:provider, :type]),

    # Error metrics
    counter("agent.errors.total", tags: [:error_type, :provider]),
    counter("tool.failures.total", tags: [:tool_name]),

    # Business metrics
    counter("users.active", tags: [:tier]),
    distribution("cost.per_request", unit: :dollar, tags: [:provider])
  ]

  def setup_dashboard do
    # Configure Grafana/Prometheus dashboards
    # Set up alerts for:
    # - Error rate > 5%
    # - Response time > 10s
    # - Token costs > budget
    # - Provider downtime
  end
end
Error Tracking
defmodule MyApp.ErrorTracker do
  def report_agent_error(error, context) do
    Honeybadger.notify(error,
      context: %{
        user_id: context[:user_id],
        model: context[:model],
        prompt_length: context[:prompt_length],
        conversation_length: length(context[:history] || [])
      },
      fingerprint: generate_error_fingerprint(error)
    )
  end

  defp generate_error_fingerprint(%{reason: reason, provider: provider}) do
    "#{provider}_#{inspect(reason)}"
  end
end
Testing Strategies
Integration Testing
defmodule MyApp.AgentIntegrationTest do
  use ExUnit.Case, async: false
  use Mimic

  setup do
    # Mock external services
    Mimic.stub_with(HTTPoison, MockHTTPClient)
    :ok
  end

  test "handles complete user workflow" do
    user = create_test_user()

    # Test agent creation
    {:ok, agent_pid} = MyApp.AgentManager.create_agent(user.id)

    # Test conversation
    {:ok, response} = MyApp.AgentManager.chat(agent_pid, "Hello!")
    assert String.contains?(response.output, "hello")

    # Test tool usage
    {:ok, response} = MyApp.AgentManager.chat(agent_pid, "What's the weather?")
    assert response.usage.tool_calls > 0

    # Test error handling
    Mimic.expect(HTTPoison, :get, fn _ -> {:error, :timeout} end)
    {:ok, response} = MyApp.AgentManager.chat(agent_pid, "Search for news")
    assert String.contains?(response.output, "temporarily unavailable")
  end
end
Load Testing
defmodule MyApp.LoadTest do
  def run_load_test(concurrent_users \\ 10, duration_seconds \\ 60) do
    test_scenarios = [
      %{weight: 50, scenario: :simple_chat},
      %{weight: 30, scenario: :tool_usage},
      %{weight: 20, scenario: :long_conversation}
    ]

    tasks = for i <- 1..concurrent_users do
      Task.async(fn ->
        run_user_simulation(i, test_scenarios, duration_seconds)
      end)
    end

    results = Task.await_many(tasks, duration_seconds * 1000 + 5000)
    analyze_load_test_results(results)
  end

  defp run_user_simulation(user_id, scenarios, duration) do
    end_time = System.monotonic_time(:second) + duration
    simulate_user_activity(user_id, scenarios, end_time, [])
  end
end
Deployment Checklist
Pre-Production
	[ ] Security audit completed
	[ ] Load testing passed
	[ ] Error handling tested
	[ ] Monitoring configured
	[ ] Backup strategy in place
	[ ] Rollback plan prepared

Go-Live
	[ ] Environment variables configured
	[ ] Database migrations applied
	[ ] Cache warmed up
	[ ] Health checks passing
	[ ] Monitoring alerts active

Post-Deployment
	[ ] Monitor error rates
	[ ] Check performance metrics
	[ ] Verify AI provider quotas
	[ ] Review cost tracking
	[ ] User feedback collection

Common Anti-Patterns
❌ Don't Do This
# Storing API keys in code
def create_agent do
  Nous.new("anthropic:claude-sonnet-4-5-20250929",
    api_key: "sk-ant-hardcoded-key"  # NEVER DO THIS
  )
end

# Blocking the main process
def handle_chat(message) do
  # This will block for 30+ seconds
  Nous.run(agent, message)
end

# No error handling
def unreliable_tool(_ctx, args) do
  HTTPoison.get!(args["url"]).body  # Will crash on any error
end

# Exposing internal errors
def leaky_tool(_ctx, _args) do
  raise "Database connection failed: user=admin, password=secret123"
end
✅ Do This Instead
# Environment-based configuration
def create_agent do
  api_key = System.get_env("ANTHROPIC_API_KEY")
  Nous.new("anthropic:claude-sonnet-4-5-20250929", api_key: api_key)
end

# Async processing
def handle_chat(message) do
  Task.Supervisor.start_child(MyApp.TaskSupervisor, fn ->
    result = Nous.run(agent, message)
    send_result_to_user(result)
  end)
end

# Robust error handling
def reliable_tool(_ctx, %{"url" => url}) do
  case HTTPoison.get(url) do
    {:ok, %{status_code: 200, body: body}} -> body
    {:ok, %{status_code: status}} -> {:error, "HTTP #{status}"}
    {:error, reason} -> {:error, "Request failed"}
  end
end

# Safe error messages
def safe_tool(_ctx, _args) do
  try do
    perform_operation()
  rescue
    _error ->
      Logger.error("Tool operation failed")
      {:error, "Operation temporarily unavailable"}
  end
end
Next Steps
	Review examples: Study production patterns in trading_desk/
	Set up monitoring: Implement telemetry and health checks
	Test thoroughly: Load test, security test, chaos engineering
	Start small: Deploy to staging environment first
	Monitor closely: Watch metrics for first week after deployment


Production success requires planning, testing, and continuous monitoring. Start with these patterns and adapt them to your specific requirements.


  

    🔧 Tool Development Guide

Complete guide for creating powerful, production-ready tools for Nous AI agents.
Quick Start
New to tool development? Start with:
	custom_tools_guide.exs - Interactive tutorial
	templates/tool_agent.exs - Copy-paste starter
	by_feature/tools/ - Working examples
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Tool Fundamentals
What Are Tools?
Tools are Elixir functions that AI agents can call to perform actions:
	Access external APIs (weather, search, databases)
	Perform calculations (math, data processing)
	File operations (read, write, analyze)
	System interactions (shell commands, monitoring)

How They Work
	AI decides when to call tools based on user input
	Agent calls your function with structured arguments
	Function executes and returns results
	AI uses results to continue the conversation

# AI sees: "What's the weather in Paris?"
# AI calls: get_weather(%{"location" => "Paris"})
# Function returns: "Sunny, 22°C"
# AI responds: "The weather in Paris is sunny and 22°C"
Function Signature
Standard Pattern
All tools must use this exact signature:
def my_tool(context, args) do
  # Your implementation
end
Parameters
context - Runtime Context
%{
  deps: %{                    # Dependencies from caller
    database: MyApp.Repo,
    user_id: 123,
    api_keys: %{...}
  },
  conversation_history: [...], # Previous messages
  request_id: "req_123",      # For logging/tracing
  timestamp: ~U[...]          # Request timestamp
}
args - AI-Provided Arguments
%{
  "parameter_name" => "value",  # Always string keys
  "optional_param" => "value",
  # Note: AI determines these based on function name and usage
}
Return Values
Success - Return Data Directly
# String
"Weather in Paris: Sunny, 22°C"

# Number
42

# Map/Struct
%{temperature: 22, conditions: "sunny", humidity: 65}

# List
["result1", "result2", "result3"]
Failure - Return Error Tuple
{:error, "Weather API is unavailable"}
{:error, "Invalid location: #{location}"}
{:error, %{code: 404, message: "City not found"}}
Input Validation
Required Parameters
def search_database(_ctx, %{"query" => query}) when is_binary(query) and query != "" do
  # Implementation
end

def search_database(_ctx, args) do
  {:error, "query parameter is required and must be a non-empty string"}
end
Type Validation with Guards
def calculate(_ctx, %{"operation" => op, "a" => a, "b" => b})
    when is_number(a) and is_number(b) and op in ["add", "subtract", "multiply", "divide"] do
  # Safe to proceed
  perform_calculation(op, a, b)
end

def calculate(_ctx, args) do
  {:error, "Invalid arguments: #{inspect(args)}"}
end
Comprehensive Validation
def robust_validator(_ctx, args) do
  with {:ok, email} <- validate_email(args),
       {:ok, age} <- validate_age(args),
       {:ok, preferences} <- validate_preferences(args) do
    # All validations passed
    process_user_data(email, age, preferences)
  else
    {:error, reason} -> {:error, reason}
  end
end

defp validate_email(%{"email" => email}) do
  if String.contains?(email, "@") and String.contains?(email, ".") do
    {:ok, email}
  else
    {:error, "Invalid email format"}
  end
end

defp validate_email(_), do: {:error, "email parameter is required"}

defp validate_age(%{"age" => age}) when is_number(age) and age >= 0 and age <= 150 do
  {:ok, age}
end

defp validate_age(_), do: {:error, "age must be a number between 0 and 150"}
Error Handling
Error Categories
Validation Errors
{:error, "Parameter 'location' is required"}
{:error, "Invalid email format: #{email}"}
{:error, "Price must be a positive number"}
External Service Errors
case HTTPoison.get(url) do
  {:ok, %{status_code: 200, body: body}} ->
    body
  {:ok, %{status_code: 404}} ->
    {:error, "Resource not found"}
  {:ok, %{status_code: status}} ->
    {:error, "HTTP #{status}: Request failed"}
  {:error, %{reason: :timeout}} ->
    {:error, "Request timeout - service may be slow"}
  {:error, reason} ->
    {:error, "Network error: #{inspect(reason)}"}
end
System Errors
case File.read(filepath) do
  {:ok, content} ->
    content
  {:error, :enoent} ->
    {:error, "File not found: #{filepath}"}
  {:error, :eacces} ->
    {:error, "Permission denied: #{filepath}"}
  {:error, reason} ->
    {:error, "File error: #{reason}"}
end
Exception Handling
def safe_tool(ctx, args) do
  try do
    risky_operation(args)
  rescue
    ArgumentError -> {:error, "Invalid arguments provided"}
    RuntimeError -> {:error, "Operation failed"}
    e -> {:error, "Unexpected error: #{Exception.message(e)}"}
  catch
    :throw, reason -> {:error, "Operation aborted: #{reason}"}
  end
end
Security Considerations
Input Sanitization
def secure_file_reader(_ctx, %{"filepath" => path}) do
  # Prevent path traversal
  if String.contains?(path, ["../", "..\\"]) do
    {:error, "Path traversal not allowed"}
  end

  # Restrict to allowed directories
  safe_base = "/allowed/directory"
  if not String.starts_with?(Path.expand(path), safe_base) do
    {:error, "Access denied: path outside safe directory"}
  end

  File.read(path)
end
Permission Checks
def authorized_operation(ctx, args) do
  user_permissions = get_user_permissions(ctx)
  required_permission = :admin_access

  if required_permission in user_permissions do
    perform_sensitive_operation(args)
  else
    {:error, "Insufficient permissions: #{required_permission} required"}
  end
end

defp get_user_permissions(ctx) do
  ctx.deps[:user_permissions] || []
end
Rate Limiting
defmodule RateLimiter do
  use GenServer

  def check_rate_limit(user_id, limit_per_minute \\ 60) do
    GenServer.call(__MODULE__, {:check_limit, user_id, limit_per_minute})
  end

  # Implementation details...
end

def rate_limited_tool(ctx, args) do
  user_id = ctx.deps[:user_id]

  case RateLimiter.check_rate_limit(user_id) do
    :ok -> perform_operation(args)
    {:error, :rate_limited} -> {:error, "Rate limit exceeded. Please try again later."}
  end
end
Performance Guidelines
Response Time Limits
	Target: < 2 seconds for most tools
	Maximum: < 10 seconds (AI may timeout)
	Long operations: Use async patterns or streaming

Memory Usage
def memory_efficient_processor(_ctx, %{"data" => large_dataset}) do
  # Process in chunks instead of loading everything
  large_dataset
  |> Stream.chunk_every(1000)
  |> Stream.map(&process_chunk/1)
  |> Enum.reduce([], &combine_results/2)
end
Caching
defmodule ToolCache do
  @ttl 300_000  # 5 minutes

  def cached_api_call(url) do
    case :ets.lookup(:tool_cache, url) do
      [{^url, result, timestamp}] ->
        if System.system_time(:millisecond) - timestamp < @ttl do
          result
        else
          fetch_and_cache(url)
        end
      [] ->
        fetch_and_cache(url)
    end
  end

  defp fetch_and_cache(url) do
    result = HTTPoison.get!(url).body
    :ets.insert(:tool_cache, {url, result, System.system_time(:millisecond)})
    result
  end
end
Testing Tools
Unit Testing
defmodule MyToolsTest do
  use ExUnit.Case

  describe "weather_tool/2" do
    test "returns weather for valid location" do
      ctx = %{}
      args = %{"location" => "Paris"}

      result = MyTools.weather_tool(ctx, args)

      assert is_binary(result)
      assert String.contains?(result, "Paris")
    end

    test "returns error for empty location" do
      ctx = %{}
      args = %{"location" => ""}

      result = MyTools.weather_tool(ctx, args)

      assert {:error, _reason} = result
    end

    test "handles missing location parameter" do
      ctx = %{}
      args = %{}

      result = MyTools.weather_tool(ctx, args)

      assert {:error, reason} = result
      assert String.contains?(reason, "location")
    end
  end
end
Integration Testing
defmodule ToolIntegrationTest do
  use ExUnit.Case

  test "tool works with AI agent" do
    agent = Nous.new("lmstudio:qwen3-vl-4b-thinking-mlx",
      tools: [&MyTools.weather_tool/2]
    )

    {:ok, result} = Nous.run(agent, "What's the weather in Tokyo?")

    assert String.contains?(result.output, "Tokyo")
    assert result.usage.tool_calls > 0
  end
end
Performance Testing
defmodule ToolBenchmark do
  def benchmark_tool(tool_function, args, iterations \\ 100) do
    ctx = %{}

    {time_microseconds, _results} = :timer.tc(fn ->
      Enum.map(1..iterations, fn _ ->
        tool_function.(ctx, args)
      end)
    end)

    avg_time_ms = time_microseconds / iterations / 1000
    IO.puts("Average execution time: #{Float.round(avg_time_ms, 2)}ms")
  end
end
Advanced Patterns
Tool Composition
def composite_research_tool(ctx, %{"topic" => topic}) do
  with {:ok, search_results} <- search_web(ctx, %{"query" => topic}),
       {:ok, summary} <- summarize_content(ctx, %{"content" => search_results}),
       {:ok, questions} <- generate_questions(ctx, %{"summary" => summary}) do
    %{
      topic: topic,
      summary: summary,
      related_questions: questions,
      timestamp: DateTime.utc_now()
    }
  else
    {:error, reason} -> {:error, "Research failed: #{reason}"}
  end
end
Context-Aware Tools
def contextual_assistant(ctx, args) do
  # Analyze conversation history
  history = ctx.conversation_history || []
  user_preferences = ctx.deps[:user_preferences] || %{}

  # Adapt behavior based on context
  response_style = determine_response_style(history, user_preferences)

  # Generate contextual response
  generate_response(args, response_style)
end

defp determine_response_style(history, preferences) do
  cond do
    length(history) < 3 -> :formal
    Map.get(preferences, :style) == "casual" -> :casual
    detect_technical_conversation(history) -> :technical
    true -> :balanced
  end
end
Streaming Tools
def streaming_analysis_tool(ctx, args) do
  # For tools that produce streaming output
  # Note: This is a conceptual example - actual streaming
  # implementation depends on Nous's streaming capabilities

  {:stream, fn ->
    # Yield partial results as they become available
    Stream.unfold({:start, args}, fn
      {:start, args} ->
        result = perform_initial_analysis(args)
        {{:partial, result}, {:continue, args}}

      {:continue, args} ->
        result = perform_detailed_analysis(args)
        {{:final, result}, :done}

      :done -> nil
    end)
  end}
end
Production Deployment
Environment Configuration
defmodule ProductionTools do
  @api_key System.get_env("WEATHER_API_KEY") ||
           raise "WEATHER_API_KEY environment variable is required"

  @rate_limits %{
    default: 100,
    premium: 1000
  }

  def weather_service(ctx, args) do
    user_tier = ctx.deps[:user_tier] || :default
    rate_limit = @rate_limits[user_tier]

    with :ok <- check_rate_limit(ctx.deps[:user_id], rate_limit),
         {:ok, weather} <- fetch_weather_data(args, @api_key) do
      format_weather_response(weather)
    else
      {:error, reason} -> {:error, reason}
    end
  end
end
Monitoring and Logging
def monitored_tool(ctx, args) do
  start_time = System.monotonic_time(:millisecond)
  tool_name = "my_important_tool"

  # Emit telemetry event for monitoring
  :telemetry.execute([:nous, :tool, :start], %{}, %{
    tool: tool_name,
    user_id: ctx.deps[:user_id],
    args: sanitize_args_for_logging(args)
  })

  result = try do
    perform_tool_operation(args)
  rescue
    error ->
      Logger.error("Tool #{tool_name} failed", error: error, args: args)
      {:error, "Internal tool error"}
  end

  duration = System.monotonic_time(:millisecond) - start_time

  :telemetry.execute([:nous, :tool, :complete], %{duration: duration}, %{
    tool: tool_name,
    status: elem(result, 0),
    user_id: ctx.deps[:user_id]
  })

  result
end

defp sanitize_args_for_logging(args) do
  # Remove sensitive data from logs
  Map.drop(args, ["password", "api_key", "secret"])
end
Health Checks
def health_check_tool(_ctx, _args) do
  checks = [
    {:database, check_database_connection()},
    {:api, check_external_api()},
    {:cache, check_cache_system()},
    {:disk_space, check_disk_space()}
  ]

  failed_checks = Enum.filter(checks, fn {_name, status} -> status != :ok end)

  if failed_checks == [] do
    %{status: "healthy", timestamp: DateTime.utc_now()}
  else
    %{
      status: "degraded",
      failed_checks: failed_checks,
      timestamp: DateTime.utc_now()
    }
  end
end
Common Patterns
File Processing Tool
def process_file(ctx, %{"filepath" => path, "operation" => op}) do
  with :ok <- validate_file_access(ctx, path),
       {:ok, content} <- File.read(path),
       {:ok, result} <- apply_operation(op, content) do
    result
  else
    {:error, reason} -> {:error, reason}
  end
end
Database Query Tool
def query_database(ctx, %{"query" => query, "params" => params}) do
  repo = ctx.deps[:database]

  case Ecto.Adapters.SQL.query(repo, query, params) do
    {:ok, %{rows: rows}} -> format_query_results(rows)
    {:error, reason} -> {:error, "Database error: #{inspect(reason)}"}
  end
end
API Integration Tool
def call_external_api(ctx, %{"endpoint" => endpoint, "data" => data}) do
  api_key = ctx.deps[:api_key]
  base_url = ctx.deps[:base_url]

  case HTTPoison.post("#{base_url}/#{endpoint}", Jason.encode!(data), [
    {"Authorization", "Bearer #{api_key}"},
    {"Content-Type", "application/json"}
  ]) do
    {:ok, %{status_code: 200, body: body}} -> Jason.decode!(body)
    {:ok, %{status_code: status}} -> {:error, "API returned #{status}"}
    {:error, reason} -> {:error, "Network error: #{inspect(reason)}"}
  end
end
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Common issues and solutions for Nous AI development and deployment.
Quick Diagnostics
Having issues? Start here:
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Connection Problems
Issue: "Connection refused" or "econnrefused"
Symptoms:
** (MatchError) no match of right hand side value:
   {:error, %HTTPoison.Error{reason: :econnrefused}}
Solutions:
For Local Models (LM Studio)
# 1. Check if LM Studio is running
curl http://localhost:1234/v1/models

# 2. If not running:
# - Open LM Studio
# - Go to "Local Server" tab
# - Load a model (e.g., qwen3-vl-4b-thinking-mlx)
# - Click "Start Server"

# 3. Verify server is responding
curl http://localhost:1234/v1/completions \
  -H "Content-Type: application/json" \
  -d '{"model":"qwen3-vl-4b-thinking-mlx","prompt":"test","max_tokens":5}'

For Cloud Providers
# Test API connectivity
case HTTPoison.get("https://api.anthropic.com/v1/messages",
                   [{"Authorization", "Bearer #{api_key}"}]) do
  {:ok, response} -> IO.inspect(response.status_code)
  {:error, reason} -> IO.inspect(reason)
end
Issue: "Timeout" or Request Hangs
Symptoms:
	Requests never return
	Process hangs indefinitely
	Timeout errors after 30+ seconds

Solutions:
# 1. Set explicit timeouts
agent = Nous.new("lmstudio:qwen3-vl-4b-thinking-mlx",
  http_options: [
    timeout: 30_000,      # 30 seconds
    recv_timeout: 30_000
  ]
)

# 2. For long-running operations, use streaming
{:ok, stream} = Nous.run_stream(agent, long_prompt)

# 3. Implement timeout wrapper
def run_with_timeout(agent, prompt, timeout_ms \\ 60_000) do
  task = Task.async(fn -> Nous.run(agent, prompt) end)

  case Task.yield(task, timeout_ms) do
    {:ok, result} -> result
    nil ->
      Task.shutdown(task, :brutal_kill)
      {:error, :timeout}
  end
end
Issue: SSL/TLS Certificate Errors
Symptoms:
{:error, %HTTPoison.Error{reason: {:tls_alert, {:certificate_verify_failed, ...}}}}
Solutions:
# For development only - DO NOT use in production
agent = Nous.new("openai:gpt-4",
  http_options: [
    ssl: [{:verify, :verify_none}]  # DEVELOPMENT ONLY
  ]
)

# For production - update certificates
# On Ubuntu/Debian:
sudo apt-get update && sudo apt-get install ca-certificates

# On macOS:
brew install ca-certificates

# In Docker:
RUN apk add --no-cache ca-certificates
API Key Issues
Issue: "Invalid API Key" or 401 Unauthorized
Symptoms:
	401 HTTP status codes
	"Invalid API key" error messages
	Authentication failures

Diagnostic Steps:
# 1. Check if API key is set
echo $ANTHROPIC_API_KEY
echo $OPENAI_API_KEY

# 2. Verify key format
# Anthropic: sk-ant-api03-...
# OpenAI: sk-...
# Gemini: AI...

# 3. Test key directly
curl -X POST https://api.anthropic.com/v1/messages \
  -H "Content-Type: application/json" \
  -H "Authorization: Bearer $ANTHROPIC_API_KEY" \
  -d '{
    "model": "claude-3-sonnet-20240229",
    "messages": [{"role": "user", "content": "Hello"}],
    "max_tokens": 10
  }'

Solutions:
# 1. Proper environment variable setup
# In your shell startup file (.bashrc, .zshrc):
export ANTHROPIC_API_KEY="sk-ant-your-actual-key"
export OPENAI_API_KEY="sk-your-actual-key"

# 2. Runtime configuration in Elixir
config :nous,
  anthropic_api_key: System.get_env("ANTHROPIC_API_KEY") ||
    raise("ANTHROPIC_API_KEY environment variable not set")

# 3. Validate API keys at startup
defmodule MyApp.APIKeyValidator do
  def validate_keys! do
    required_keys = [
      {"ANTHROPIC_API_KEY", ~r/^sk-ant-/},
      {"OPENAI_API_KEY", ~r/^sk-/}
    ]

    Enum.each(required_keys, fn {env_var, pattern} ->
      case System.get_env(env_var) do
        nil ->
          raise "Missing required environment variable: #{env_var}"
        key ->
          unless Regex.match?(pattern, key) do
            raise "Invalid format for #{env_var}"
          end
      end
    end)
  end
end
Issue: Rate Limiting (429 Too Many Requests)
Symptoms:
{:error, %HTTPoison.Error{status_code: 429}}
Solutions:
defmodule RateLimitHandler do
  def run_with_backoff(agent, prompt, max_retries \\ 3) do
    attempt_with_exponential_backoff(agent, prompt, 1, max_retries)
  end

  defp attempt_with_exponential_backoff(agent, prompt, attempt, max_retries) do
    case Nous.run(agent, prompt) do
      {:ok, result} ->
        {:ok, result}

      {:error, %{status_code: 429}} when attempt <= max_retries ->
        delay = min(1000 * :math.pow(2, attempt), 30_000)
        IO.puts("Rate limited, waiting #{round(delay)}ms...")
        Process.sleep(round(delay))
        attempt_with_exponential_backoff(agent, prompt, attempt + 1, max_retries)

      {:error, reason} ->
        {:error, reason}
    end
  end
end
Tool Failures
Issue: "Tool not found" or Function Undefined
Symptoms:
	AI tries to call tools that don't exist
	UndefinedFunctionError
	Tools not being recognized

Diagnostic Steps:
# 1. Verify tool is properly defined
defmodule MyTools do
  @doc "Get weather information"  # Documentation helps AI understand
  def get_weather(_ctx, %{"location" => location}) do
    "Weather in #{location}: Sunny, 22°C"
  end
end

# 2. Check tool is added to agent
agent = Nous.new("lmstudio:qwen3-vl-4b-thinking-mlx",
  tools: [&MyTools.get_weather/2]  # Must be function reference
)

# 3. Test tool directly
MyTools.get_weather(%{}, %{"location" => "Paris"})
Solutions:
# 1. Correct function signature (always context, args)
def correct_tool(context, args) do
  # Implementation
end

# 2. Proper error handling
def robust_tool(_ctx, args) do
  case Map.get(args, "required_param") do
    nil -> {:error, "required_param is missing"}
    value -> process_value(value)
  end
end

# 3. Validate tools at startup
defmodule ToolValidator do
  def validate_tools(tools) do
    Enum.each(tools, fn tool_ref ->
      {module, function, arity} = Function.info(tool_ref, :mfa)

      unless arity == 2 do
        raise "Tool #{module}.#{function} must have arity 2 (context, args)"
      end

      # Test with empty args
      case apply(module, function, [%{}, %{}]) do
        {:error, _} -> :ok  # Expected for empty args
        _ -> :ok
      rescue
        error -> raise "Tool #{module}.#{function} validation failed: #{inspect(error)}"
      end
    end)
  end
end
Issue: Tool Returns Invalid Data
Symptoms:
	AI gets confused by tool responses
	"Cannot process tool result" errors
	Malformed JSON or data structures

Solutions:
# 1. Return simple data types
def good_tool(_ctx, args) do
  # ✅ Good: Simple string
  "Weather in Paris: Sunny, 22°C"

  # ✅ Good: Simple map
  %{temperature: 22, condition: "sunny"}

  # ❌ Bad: Complex nested structure
  %{
    data: %{
      weather: %{
        location: %{...},
        details: %{...}
      }
    }
  }
end

# 2. Sanitize output
def sanitized_tool(_ctx, args) do
  result = fetch_external_data(args)

  # Remove problematic characters
  result
  |> String.replace(~r/[^\x00-\x7F]/, "")  # Remove non-ASCII
  |> String.slice(0, 1000)  # Limit length
end

# 3. Validate return values
def validated_tool(_ctx, args) do
  result = process_request(args)

  case validate_tool_result(result) do
    :ok -> result
    {:error, reason} -> {:error, "Tool result invalid: #{reason}"}
  end
end

defp validate_tool_result(result) do
  cond do
    is_binary(result) and String.valid?(result) -> :ok
    is_number(result) -> :ok
    is_map(result) and map_size(result) <= 10 -> :ok
    is_list(result) and length(result) <= 100 -> :ok
    true -> {:error, "Unsupported result type or too large"}
  end
end
Performance Issues
Issue: Slow Response Times
Symptoms:
	Requests take > 10 seconds
	UI becomes unresponsive
	Timeouts in production

Diagnostic Steps:
# 1. Measure performance
def timed_run(agent, prompt) do
  start_time = System.monotonic_time(:millisecond)

  result = case Nous.run(agent, prompt) do
    {:ok, response} -> response
    {:error, reason} -> reason
  end

  end_time = System.monotonic_time(:millisecond)
  duration = end_time - start_time

  IO.puts("Request took #{duration}ms")
  IO.puts("Tokens used: #{result.usage.total_tokens rescue 'N/A'}")

  result
end

# 2. Profile token usage
def analyze_token_usage(agent, prompt) do
  {:ok, result} = Nous.run(agent, prompt)

  IO.puts("Input tokens: #{result.usage.input_tokens}")
  IO.puts("Output tokens: #{result.usage.output_tokens}")
  IO.puts("Total tokens: #{result.usage.total_tokens}")
  IO.puts("Tool calls: #{result.usage.tool_calls}")

  # Check if context is too long
  if result.usage.input_tokens > 10_000 do
    IO.puts("⚠️  High input token count - consider trimming context")
  end
end
Solutions:
# 1. Optimize prompts
def optimized_prompt(verbose_prompt) do
  # Instead of: "Please provide a very detailed, comprehensive analysis..."
  # Use: "Analyze and summarize key points:"
  String.replace(verbose_prompt, ~r/very detailed|comprehensive|thorough/, "")
end

# 2. Use streaming for long responses
def handle_long_query(agent, complex_query) do
  {:ok, stream} = Nous.run_stream(agent, complex_query)

  stream
  |> Stream.each(fn
    {:text_delta, text} -> send_to_ui(text)
    {:finish, _} -> complete_response()
  end)
  |> Stream.run()
end

# 3. Implement caching
defmodule ResponseCache do
  def cached_run(agent, prompt) do
    cache_key = generate_cache_key(prompt, agent.model)

    case get_cached_response(cache_key) do
      {:hit, response} -> response
      :miss ->
        response = Nous.run(agent, prompt)
        cache_response(cache_key, response)
        response
    end
  end
end
Issue: High Memory Usage
Symptoms:
	Process memory keeps growing
	Out of memory errors
	System becomes slow

Solutions:
# 1. Limit conversation history
def trim_conversation_history(messages, max_messages \\ 20) do
  if length(messages) > max_messages do
    # Keep system messages + recent messages
    system_messages = Enum.filter(messages, & &1.role == "system")
    recent_messages = Enum.take(messages, -max_messages)

    Enum.uniq(system_messages ++ recent_messages)
  else
    messages
  end
end

# 2. Clean up after each request
def handle_request_with_cleanup(request) do
  try do
    result = process_request(request)
    {:ok, result}
  after
    # Force garbage collection
    :erlang.garbage_collect()
  end
end

# 3. Monitor memory usage
def memory_aware_processing(data) do
  if :erlang.memory(:total) > 1_000_000_000 do  # 1GB
    Logger.warning("High memory usage detected")
    :erlang.garbage_collect()
    Process.sleep(100)  # Brief pause
  end

  process_data(data)
end
Configuration Problems
Issue: Model Not Found or Unsupported
Symptoms:
	"Model not available" errors
	Unexpected model behavior
	Configuration not being loaded

Solutions:
# 1. Verify model availability
def check_model_availability(model_string) do
  case String.split(model_string, ":") do
    ["lmstudio", model_name] ->
      # Check if LM Studio has the model loaded
      case HTTPoison.get("http://localhost:1234/v1/models") do
        {:ok, %{body: body}} ->
          models = Jason.decode!(body)["data"]
          if Enum.any?(models, &String.contains?(&1["id"], model_name)) do
            :ok
          else
            {:error, "Model #{model_name} not loaded in LM Studio"}
          end
        _ -> {:error, "LM Studio not running"}
      end

    [provider, model_name] ->
      # For cloud providers, models are usually available
      # but check provider-specific model lists
      :ok
  end
end

# 2. Configuration validation
defmodule ConfigValidator do
  def validate_config do
    required_configs = [
      :anthropic_api_key,
      :openai_api_key,
      :default_model
    ]

    missing = Enum.filter(required_configs, fn key ->
      is_nil(Application.get_env(:myapp, key))
    end)

    if missing != [] do
      raise "Missing configuration: #{inspect(missing)}"
    end
  end
end

# 3. Runtime configuration
config :nous,
  default_model: System.get_env("DEFAULT_MODEL", "lmstudio:qwen3-vl-4b-thinking-mlx"),
  providers: %{
    anthropic: [
      api_key: System.get_env("ANTHROPIC_API_KEY"),
      base_url: "https://api.anthropic.com"
    ],
    openai: [
      api_key: System.get_env("OPENAI_API_KEY"),
      base_url: "https://api.openai.com"
    ]
  }
Development Issues
Issue: Hot Code Reloading Problems
Symptoms:
	Changes not reflected after recompilation
	Stale agent configurations
	Inconsistent behavior in development

Solutions:
# 1. Proper module reloading
defmodule DevHelpers do
  def reload_agent_modules do
    # Recompile and reload modules
    IEx.Helpers.recompile()

    # Clear any cached agents
    :persistent_term.erase(:cached_agents)

    # Restart any GenServers holding agent state
    Supervisor.terminate_child(MyApp.Supervisor, MyApp.AgentManager)
    Supervisor.restart_child(MyApp.Supervisor, MyApp.AgentManager)
  end
end

# 2. Development-friendly configuration
if Mix.env() == :dev do
  config :nous,
    cache_enabled: false,  # Disable caching in development
    debug_logging: true
end

# 3. Clear state between tests
defmodule MyAppTest do
  use ExUnit.Case

  setup do
    # Clear any global state
    :ets.delete_all_objects(:agent_cache)
    :ok
  end
end
Issue: LiveView Integration Problems
Symptoms:
	WebSocket connections dropping
	Agent state not syncing with UI
	Memory leaks in LiveView processes

Solutions:
# 1. Proper process linking
def mount(_params, _session, socket) do
  # Link agent to LiveView process
  {:ok, agent_pid} = MyApp.AgentManager.start_agent(
    user_id: socket.assigns.user_id,
    owner_pid: self()  # Link to LiveView
  )

  Process.monitor(agent_pid)

  {:ok, assign(socket, agent_pid: agent_pid)}
end

# 2. Handle agent process deaths
def handle_info({:DOWN, _ref, :process, agent_pid, reason}, socket) do
  Logger.warning("Agent process died: #{inspect(reason)}")

  # Attempt to restart agent
  case MyApp.AgentManager.restart_agent(socket.assigns.user_id) do
    {:ok, new_agent_pid} ->
      Process.monitor(new_agent_pid)
      {:noreply, assign(socket, agent_pid: new_agent_pid)}

    {:error, _} ->
      {:noreply, put_flash(socket, :error, "Agent unavailable")}
  end
end

# 3. Async message handling
def handle_event("send_message", %{"message" => message}, socket) do
  # Don't block LiveView process
  Task.Supervisor.start_child(MyApp.TaskSupervisor, fn ->
    case MyApp.AgentManager.chat(socket.assigns.agent_pid, message) do
      {:ok, response} ->
        send(socket.transport_pid, {:agent_response, response})
      {:error, error} ->
        send(socket.transport_pid, {:agent_error, error})
    end
  end)

  {:noreply, socket}
end
Production Troubleshooting
Issue: High Error Rates in Production
Diagnostic Steps:
# 1. Check logs
tail -f /var/log/myapp/error.log | grep -i "agent\|nous"

# 2. Check system resources
htop
df -h
free -h

# 3. Test external dependencies
curl -I https://api.anthropic.com/v1/messages
curl -I https://api.openai.com/v1/completions

Monitoring Setup:
defmodule ProductionMonitoring do
  def setup_alerts do
    # Set up alerts for:
    alerts = [
      %{
        name: "high_error_rate",
        condition: "error_rate > 0.05",  # 5%
        duration: "5m"
      },
      %{
        name: "slow_responses",
        condition: "response_time_p95 > 30s",
        duration: "2m"
      },
      %{
        name: "ai_provider_down",
        condition: "provider_success_rate < 0.8",
        duration: "1m"
      }
    ]

    Enum.each(alerts, &configure_alert/1)
  end

  def health_check do
    checks = %{
      database: check_database(),
      ai_providers: check_ai_providers(),
      external_apis: check_external_apis(),
      memory_usage: check_memory_usage(),
      error_rate: check_error_rate()
    }

    overall_status = if Enum.all?(checks, fn {_, status} -> status == :ok end) do
      :healthy
    else
      :degraded
    end

    %{status: overall_status, checks: checks, timestamp: DateTime.utc_now()}
  end
end
Debug Logging
Enable detailed logging to understand what's happening:
# 1. Enable debug logging
Logger.configure(level: :debug)

# 2. Add custom logging to your agents
defmodule DebugAgent do
  def run_with_debug(agent, prompt) do
    Logger.debug("Starting agent run", prompt: prompt, model: agent.model)

    start_time = System.monotonic_time(:millisecond)

    result = case Nous.run(agent, prompt) do
      {:ok, response} ->
        Logger.debug("Agent run successful",
          tokens: response.usage.total_tokens,
          tool_calls: response.usage.tool_calls
        )
        response

      {:error, reason} ->
        Logger.error("Agent run failed", error: inspect(reason))
        reason
    end

    duration = System.monotonic_time(:millisecond) - start_time
    Logger.debug("Agent run completed", duration_ms: duration)

    result
  end
end

# 3. Debug tool execution
def debug_tool(ctx, args) do
  Logger.debug("Tool called", tool: __MODULE__, args: args)

  try do
    result = perform_tool_operation(args)
    Logger.debug("Tool succeeded", result: inspect(result))
    result
  rescue
    error ->
      Logger.error("Tool failed", error: inspect(error), stacktrace: __STACKTRACE__)
      {:error, "Tool execution failed"}
  end
end
Health Check Script
Create an automated diagnostic script:
#!/usr/bin/env elixir

defmodule HealthCheck do
  def run_full_diagnostics do
    IO.puts("🔍 Nous Health Check")
    IO.puts("========================")

    checks = [
      {"Environment Variables", &check_environment/0},
      {"Local LM Studio", &check_lm_studio/0},
      {"AI Provider APIs", &check_ai_providers/0},
      {"Network Connectivity", &check_network/0},
      {"System Resources", &check_resources/0}
    ]

    results = Enum.map(checks, fn {name, check_fn} ->
      IO.puts("\n#{name}:")
      result = check_fn.()
      {name, result}
    end)

    print_summary(results)
  end

  defp check_environment do
    env_vars = ["ANTHROPIC_API_KEY", "OPENAI_API_KEY", "GEMINI_API_KEY"]

    Enum.each(env_vars, fn var ->
      case System.get_env(var) do
        nil -> IO.puts("  ❌ #{var} not set")
        key -> IO.puts("  ✅ #{var} present (#{String.slice(key, 0, 10)}...)")
      end
    end)

    :ok
  end

  defp check_lm_studio do
    case HTTPoison.get("http://localhost:1234/v1/models") do
      {:ok, %{status_code: 200, body: body}} ->
        models = Jason.decode!(body)["data"]
        IO.puts("  ✅ LM Studio running with #{length(models)} models")

      {:error, %{reason: :econnrefused}} ->
        IO.puts("  ❌ LM Studio not running")
        IO.puts("     Start LM Studio and load a model")

      {:error, reason} ->
        IO.puts("  ❌ LM Studio error: #{inspect(reason)}")
    end
  rescue
    _ -> IO.puts("  ❌ HTTPoison not available")
  end

  defp check_ai_providers do
    providers = [
      {"Anthropic", "https://api.anthropic.com/v1/messages", System.get_env("ANTHROPIC_API_KEY")},
      {"OpenAI", "https://api.openai.com/v1/completions", System.get_env("OPENAI_API_KEY")}
    ]

    Enum.each(providers, fn {name, url, api_key} ->
      if api_key do
        case HTTPoison.get(url, [{"Authorization", "Bearer #{api_key}"}]) do
          {:ok, %{status_code: status}} when status < 500 ->
            IO.puts("  ✅ #{name} API reachable")
          {:error, reason} ->
            IO.puts("  ❌ #{name} API error: #{inspect(reason)}")
        end
      else
        IO.puts("  ⚠️  #{name} API key not configured")
      end
    end)
  rescue
    _ -> IO.puts("  ❌ Network check failed")
  end

  defp check_network do
    case :inet.gethostbyname('google.com') do
      {:ok, _} -> IO.puts("  ✅ Internet connectivity OK")
      {:error, _} -> IO.puts("  ❌ No internet connectivity")
    end
  end

  defp check_resources do
    memory = :erlang.memory()
    total_mb = div(memory[:total], 1024 * 1024)
    IO.puts("  Memory usage: #{total_mb}MB")

    if total_mb > 1000 do
      IO.puts("  ⚠️  High memory usage")
    else
      IO.puts("  ✅ Memory usage normal")
    end
  end

  defp print_summary(results) do
    IO.puts("\n" <> String.duplicate("=", 40))
    IO.puts("Summary:")

    passed = Enum.count(results, fn {_, result} -> result == :ok end)
    total = length(results)

    IO.puts("#{passed}/#{total} checks passed")

    if passed == total do
      IO.puts("🎉 All systems operational!")
    else
      IO.puts("⚠️  Some issues detected - see details above")
    end
  end
end

# Run the health check
HealthCheck.run_full_diagnostics()
Minimal Test Case
When reporting issues, provide a minimal test case:
#!/usr/bin/env elixir

# Minimal test case for troubleshooting
# Replace with your specific issue

# 1. Simple agent test
IO.puts("Testing basic agent creation...")

agent = Nous.new("lmstudio:qwen3-vl-4b-thinking-mlx",
  instructions: "You are a helpful assistant"
)

case Nous.run(agent, "Say hello") do
  {:ok, result} ->
    IO.puts("✅ Basic test passed: #{result.output}")
  {:error, reason} ->
    IO.puts("❌ Basic test failed: #{inspect(reason)}")
end

# 2. Tool test (if relevant)
defmodule TestTool do
  def simple_tool(_ctx, args) do
    "Tool called with: #{inspect(args)}"
  end
end

IO.puts("\nTesting tool functionality...")

tool_agent = Nous.new("lmstudio:qwen3-vl-4b-thinking-mlx",
  tools: [&TestTool.simple_tool/2]
)

case Nous.run(tool_agent, "Use the simple tool with test data") do
  {:ok, result} ->
    IO.puts("✅ Tool test passed")
    IO.puts("Tools called: #{result.usage.tool_calls}")
  {:error, reason} ->
    IO.puts("❌ Tool test failed: #{inspect(reason)}")
end
Getting Help
When seeking help, include:
	Environment details:
	Elixir version: elixir --version
	Nous version
	Operating system
	AI provider being used


	Error messages:
	Complete error with stacktrace
	Debug logs if available


	Minimal reproduction case:
	Simplest code that reproduces the issue
	Configuration being used


	What you've tried:
	Solutions attempted
	Results of diagnostic steps


	Expected vs actual behavior:
	What should happen
	What actually happens




Still stuck? Check the GitHub issues or create a new issue with your diagnostic information.


  

    🔄 Migration Guide

Guide for upgrading Nous AI between versions and migrating configurations.
Quick Migration Checklist
Upgrading Nous? Follow these steps:
	Check compatibility - Ensure your setup is supported
	Backup data - Save important configurations and data
	Update dependencies - Upgrade packages
	Test changes - Verify everything works
	Deploy safely - Roll out updates progressively

Version Compatibility
Current Version Support
	Version	Status	Support Level	Migration Path
	0.3.x → 0.4.x	✅ Supported	Full backward compatibility	Direct upgrade
	0.2.x → 0.4.x	⚠️ Minor changes	Some API changes	Staged migration
	0.1.x → 0.4.x	❌ Major changes	Breaking changes	Full rewrite

Breaking Changes Summary
Version 0.4.x (Current)
	New features: Enhanced streaming, multi-provider support
	Breaking changes: None (fully backward compatible)
	Deprecated: Nothing deprecated

Version 0.3.x
	New features: Tool calling improvements, better error handling
	Breaking changes: Tool signature changes (context parameter added)
	Deprecated: Old tool format (removed in 0.4.x)

Version 0.2.x
	New features: Basic streaming, conversation history
	Breaking changes: Agent initialization API changed
	Deprecated: Legacy agent creation methods

Backup Checklist
Before any migration:
# 1. Backup configuration files
cp config/config.exs config/config.exs.backup
cp config/prod.exs config/prod.exs.backup
cp config/runtime.exs config/runtime.exs.backup

# 2. Export environment variables
env | grep -E "(API_KEY|DATABASE|REDIS)" > env_backup.txt

# 3. Backup conversation data (if stored)
pg_dump myapp_production > conversations_backup.sql

# 4. Create git tag for current version
git tag -a v0.3.2 -m "Pre-migration backup"
git push origin v0.3.2

# 5. Backup deployment configuration
kubectl get configmap myapp-config -o yaml > k8s-config-backup.yaml

Updating Dependencies
Step 1: Update mix.exs
# Before (0.3.x)
defp deps do
  [
    {:nous, "~> 0.3.0"},
    {:openai_ex, "~> 0.8.0"}
  ]
end

# After (0.4.x)
defp deps do
  [
    {:nous, "~> 0.4.0"},
    {:openai_ex, "~> 0.9.17"}  # Updated dependency
  ]
end
Step 2: Update Dependencies
# Get updated dependencies
mix deps.update --all

# Check for conflicts
mix deps.tree

# Compile and check for warnings
mix compile --warnings-as-errors

Migration Paths
0.3.x to 0.4.x (Recommended)
This is the simplest migration with full backward compatibility.
Changes Required: None
# ✅ This code works in both 0.3.x and 0.4.x
agent = Nous.new("lmstudio:qwen3-vl-4b-thinking-mlx",
  instructions: "You are a helpful assistant"
)

{:ok, result} = Nous.run(agent, "Hello")
Optional Improvements
# 🆕 Take advantage of new 0.4.x features

# 1. Enhanced streaming
{:ok, stream} = Nous.run_stream(agent, prompt)
stream
|> Stream.each(fn
  {:text_delta, text} -> IO.write(text)
  {:finish, result} -> IO.puts("\nDone!")
end)
|> Stream.run()

# 2. Better error handling
case Nous.run(agent, prompt) do
  {:ok, result} -> process_success(result)
  {:error, :rate_limited} -> handle_rate_limit()
  {:error, :model_unavailable} -> try_fallback_model()
  {:error, reason} -> log_error(reason)
end

# 3. Multi-provider fallback
providers = [
  "anthropic:claude-sonnet-4-5-20250929",
  "openai:gpt-4",
  "lmstudio:qwen3-vl-4b-thinking-mlx"
]

MyApp.FallbackAgent.run_with_providers(prompt, providers)
0.2.x to 0.4.x (Moderate Changes)
Requires updating tool signatures and agent creation.
Tool Migration
# ❌ Old 0.2.x tool format
def old_weather_tool(args) do
  location = args["location"]
  "Weather in #{location}: Sunny"
end

# ✅ New 0.4.x tool format (required)
def new_weather_tool(context, args) do
  location = args["location"]

  # Can now access context for user info, permissions, etc.
  user_id = context.deps[:user_id]

  "Weather in #{location}: Sunny"
end

# Update agent creation
# Before:
agent = Nous.new("lmstudio:qwen3-vl-4b-thinking-mlx", [
  tools: [&old_weather_tool/1]  # Single parameter
])

# After:
agent = Nous.new("lmstudio:qwen3-vl-4b-thinking-mlx",
  tools: [&new_weather_tool/2]  # Two parameters: context, args
)
Configuration Migration
# ❌ Old configuration format
config :nous,
  default_provider: "lmstudio",
  api_keys: %{
    openai: System.get_env("OPENAI_API_KEY")
  }

# ✅ New configuration format
config :nous,
  providers: %{
    anthropic: [
      api_key: System.get_env("ANTHROPIC_API_KEY"),
      base_url: "https://api.anthropic.com"
    ],
    openai: [
      api_key: System.get_env("OPENAI_API_KEY"),
      base_url: "https://api.openai.com"
    ],
    lmstudio: [
      base_url: "http://localhost:1234"
    ]
  }
Conversation History Migration
# ❌ Old message format
messages = [
  %{role: :user, content: "Hello"},
  %{role: :assistant, content: "Hi there!"}
]

# ✅ New message format (string keys)
messages = [
  %{role: "user", content: "Hello"},
  %{role: "assistant", content: "Hi there!"}
]

# Update usage
{:ok, result} = Nous.run(agent, prompt, message_history: messages)
0.1.x to 0.4.x (Major Migration)
Requires complete rewrite due to fundamental API changes.
Agent Creation
# ❌ Very old 0.1.x format
agent = NousAI.create_agent(%{
  model_name: "gpt-3.5-turbo",
  system_prompt: "You are helpful",
  tools: [MyTools.weather/1]
})

response = NousAI.chat(agent, "Hello")

# ✅ Modern 0.4.x format
agent = Nous.new("openai:gpt-3.5-turbo",
  instructions: "You are helpful",
  tools: [&MyTools.weather/2]
)

{:ok, result} = Nous.run(agent, "Hello")
Error Handling Migration
# ❌ Old error handling
try do
  response = NousAI.chat(agent, message)
  handle_response(response)
catch
  error -> handle_error(error)
end

# ✅ New error handling
case Nous.run(agent, message) do
  {:ok, result} -> handle_success(result)
  {:error, reason} -> handle_error(reason)
end
Testing Migrations
Automated Testing Strategy
defmodule MigrationTest do
  use ExUnit.Case

  describe "migration compatibility" do
    test "basic agent functionality works" do
      agent = Nous.new("lmstudio:qwen3-vl-4b-thinking-mlx")

      {:ok, result} = Nous.run(agent, "Test message")

      assert is_binary(result.output)
      assert result.usage.total_tokens > 0
    end

    test "tool calling still works" do
      defmodule TestTools do
        def test_tool(_ctx, %{"input" => input}) do
          "Processed: #{input}"
        end
      end

      agent = Nous.new("lmstudio:qwen3-vl-4b-thinking-mlx",
        tools: [&TestTools.test_tool/2]
      )

      {:ok, result} = Nous.run(agent, "Use the test tool with input 'hello'")

      assert result.usage.tool_calls > 0
    end

    test "conversation history is preserved" do
      agent = Nous.new("lmstudio:qwen3-vl-4b-thinking-mlx")

      {:ok, result1} = Nous.run(agent, "My name is Alice")
      {:ok, result2} = Nous.run(agent, "What's my name?",
                                     message_history: result1.new_messages)

      assert String.contains?(result2.output, "Alice")
    end
  end
end
Manual Testing Checklist
# Create comprehensive test script
defmodule MigrationValidator do
  def run_full_test_suite do
    tests = [
      {"Basic agent creation", &test_basic_agent/0},
      {"Tool calling", &test_tools/0},
      {"Streaming", &test_streaming/0},
      {"Error handling", &test_errors/0},
      {"Provider switching", &test_providers/0},
      {"Conversation history", &test_history/0}
    ]

    IO.puts("🧪 Running Migration Tests")
    IO.puts("=========================")

    results = Enum.map(tests, fn {name, test_fn} ->
      IO.puts("\n#{name}:")

      try do
        test_fn.()
        IO.puts("  ✅ Passed")
        {name, :passed}
      rescue
        error ->
          IO.puts("  ❌ Failed: #{Exception.message(error)}")
          {name, :failed}
      end
    end)

    print_test_summary(results)
  end

  defp test_basic_agent do
    agent = Nous.new("lmstudio:qwen3-vl-4b-thinking-mlx")
    {:ok, _result} = Nous.run(agent, "Hello")
  end

  defp test_tools do
    defmodule MigrationTestTool do
      def test(_ctx, args), do: "Tool result: #{inspect(args)}"
    end

    agent = Nous.new("lmstudio:qwen3-vl-4b-thinking-mlx",
      tools: [&MigrationTestTool.test/2]
    )

    {:ok, result} = Nous.run(agent, "Use the test tool")
    assert result.usage.tool_calls > 0
  end

  # ... more test functions
end
Deployment Strategy
Blue-Green Deployment
#!/bin/bash
# Blue-green deployment script

# 1. Deploy new version to staging
kubectl apply -f k8s/staging/

# 2. Run migration tests
kubectl exec -it staging-pod -- mix test --only migration

# 3. If tests pass, deploy to production green environment
kubectl apply -f k8s/production-green/

# 4. Switch traffic gradually
kubectl patch service myapp-service -p '{"spec":{"selector":{"version":"green"}}}'

# 5. Monitor for issues
kubectl logs -f deployment/myapp-green

# 6. If stable, remove blue environment
# kubectl delete deployment myapp-blue

Rolling Update
#!/bin/bash
# Rolling update script

# 1. Update container image
kubectl set image deployment/myapp-agents myapp=myapp:v0.4.0

# 2. Monitor rollout
kubectl rollout status deployment/myapp-agents

# 3. If issues occur, rollback
# kubectl rollout undo deployment/myapp-agents

Canary Deployment
# k8s/canary-deployment.yaml
apiVersion: argoproj.io/v1alpha1
kind: Rollout
metadata:
  name: myapp-agents
spec:
  replicas: 10
  strategy:
    canary:
      steps:
      - setWeight: 10    # 10% traffic to new version
      - pause: {duration: 2m}
      - setWeight: 25    # 25% traffic
      - pause: {duration: 5m}
      - setWeight: 50    # 50% traffic
      - pause: {duration: 10m}
      - setWeight: 100   # Full rollout
Data Migration
Conversation History
defmodule ConversationMigrator do
  @doc """
  Migrate conversation history from old format to new format
  """
  def migrate_conversations do
    # Fetch all conversations from database
    conversations = Repo.all(Conversation)

    Enum.each(conversations, fn conversation ->
      # Convert old message format to new
      migrated_messages = Enum.map(conversation.messages, fn message ->
        %{
          role: to_string(message.role),  # Convert atom to string
          content: message.content,
          timestamp: message.inserted_at
        }
      end)

      # Update conversation with migrated messages
      conversation
      |> Conversation.changeset(%{messages: migrated_messages})
      |> Repo.update!()
    end)

    IO.puts("Migrated #{length(conversations)} conversations")
  end
end
Configuration Migration
defmodule ConfigMigrator do
  def migrate_agent_configs do
    # Read old configuration
    old_config = File.read!("config/agents.json")
    |> Jason.decode!()

    # Convert to new format
    new_config = Enum.map(old_config, fn agent_config ->
      %{
        "name" => agent_config["name"],
        "model" => migrate_model_string(agent_config["model"]),
        "instructions" => agent_config["system_prompt"],
        "tools" => migrate_tool_list(agent_config["functions"]),
        "settings" => %{
          "temperature" => agent_config["temperature"] || 0.7,
          "max_tokens" => agent_config["max_tokens"] || -1
        }
      }
    end)

    # Save new configuration
    File.write!("config/agents_v2.json", Jason.encode!(new_config, pretty: true))
  end

  defp migrate_model_string(old_model) do
    case old_model do
      "gpt-3.5-turbo" -> "openai:gpt-3.5-turbo"
      "gpt-4" -> "openai:gpt-4"
      "claude-instant" -> "anthropic:claude-instant-1.2"
      "claude" -> "anthropic:claude-sonnet-4-5-20250929"
      model -> model  # Keep as-is if already in new format
    end
  end
end
Common Migration Issues
Issue 1: Tool Signature Mismatch
# ❌ Error: Tool doesn't accept context parameter
def broken_tool(args) do
  # Old single-parameter format
end

# ✅ Fix: Add context parameter
def fixed_tool(_context, args) do
  # New two-parameter format
end
Issue 2: Message Format Changes
# ❌ Error: Atom keys not supported
messages = [%{role: :user, content: "Hello"}]

# ✅ Fix: Use string keys
messages = [%{role: "user", content: "Hello"}]
Issue 3: Configuration Not Loading
# ❌ Error: Old configuration format
config :nous, api_key: "..."

# ✅ Fix: New nested configuration
config :nous, :providers,
  anthropic: [api_key: System.get_env("ANTHROPIC_API_KEY")]
Rollback Procedures
Code Rollback
#!/bin/bash
# Emergency rollback script

echo "Starting emergency rollback..."

# 1. Rollback container deployment
kubectl rollout undo deployment/myapp-agents

# 2. Wait for rollback to complete
kubectl rollout status deployment/myapp-agents

# 3. Verify old version is running
kubectl get pods -l app=myapp-agents

# 4. Check application health
kubectl exec -it deployment/myapp-agents -- curl http://localhost:4000/health

echo "Rollback complete"

Database Rollback
-- Rollback conversation message format
UPDATE conversations
SET messages = (
  SELECT json_agg(
    json_build_object(
      'role', (msg->>'role')::text,
      'content', msg->>'content',
      'timestamp', msg->>'timestamp'
    )
  )
  FROM json_array_elements(messages) AS msg
)
WHERE version = '0.4.0';
Version-Specific Guides
Migrating from 0.3.5 to 0.4.0
# No breaking changes - direct upgrade
mix deps.update nous

# Optional: Take advantage of new features
# - Enhanced error handling
# - Better streaming support
# - Multi-provider fallbacks
Migrating from 0.2.8 to 0.4.0
# Required changes:

# 1. Update tool signatures
def my_tool(context, args) do  # Added context parameter
  # Implementation
end

# 2. Update agent creation
agent = Nous.new("model:name",  # New model format
  tools: [&my_tool/2]  # Updated arity
)

# 3. Update message history format
messages = [
  %{role: "user", content: "Hello"}  # String keys instead of atoms
]
Post-Migration Validation
defmodule PostMigrationValidator do
  def validate_production_deployment do
    checks = [
      {"Agent creation", &test_agent_creation/0},
      {"Tool execution", &test_tool_execution/0},
      {"Error handling", &test_error_handling/0},
      {"Performance", &test_performance/0}
    ]

    IO.puts("🔍 Post-Migration Validation")
    IO.puts("===========================")

    results = Enum.map(checks, fn {name, check} ->
      IO.write("#{name}: ")

      case check.() do
        :ok ->
          IO.puts("✅")
          {name, :pass}
        {:error, reason} ->
          IO.puts("❌ #{reason}")
          {name, :fail}
      end
    end)

    failures = Enum.filter(results, fn {_, status} -> status == :fail end)

    if failures == [] do
      IO.puts("\n🎉 All validation checks passed!")
    else
      IO.puts("\n⚠️  #{length(failures)} checks failed - investigate before proceeding")
    end
  end
end
Need Help?
If you encounter issues during migration:
	Check the changelog for version-specific breaking changes
	Review the troubleshooting guide for common issues
	Test in staging before production deployment
	Have rollback plan ready before starting migration
	Create an issue on GitHub if you find migration bugs


Take your time with migrations. It's better to be safe and thorough than fast and broken!


  

    Evaluation Framework Guide

The Nous evaluation framework provides comprehensive testing, benchmarking, and optimization capabilities for AI agents. This guide covers all aspects of using the framework.
Overview
The evaluation framework enables you to:
	Test agents with various scenarios and measure correctness
	Collect metrics including latency, token usage, and cost
	Compare configurations with A/B testing
	Optimize parameters using grid search or Bayesian optimization
	Define tests in YAML or Elixir for flexibility

Quick Start
# Define a test suite
suite = Nous.Eval.Suite.new(
  name: "my_tests",
  default_model: "lmstudio:ministral-3-14b-reasoning",
  test_cases: [
    Nous.Eval.TestCase.new(
      id: "greeting",
      input: "Say hello",
      expected: %{contains: ["hello", "hi"]},
      eval_type: :contains
    )
  ]
)

# Run evaluation
{:ok, result} = Nous.Eval.run(suite)

# Print results
Nous.Eval.Reporter.print(result)
Core Concepts
Test Cases
A TestCase represents a single test scenario:
Nous.Eval.TestCase.new(
  id: "unique_id",           # Required: unique identifier
  name: "Descriptive Name",  # Optional: human-readable name
  input: "User prompt",      # Required: the input to test
  expected: %{...},          # Required: expected result (format depends on eval_type)
  eval_type: :contains,      # Required: evaluator to use
  eval_config: %{},          # Optional: evaluator-specific config
  tags: [:basic, :tool],     # Optional: tags for filtering
  agent_config: [            # Optional: agent configuration
    instructions: "You are helpful",
    model_settings: %{temperature: 0.3}
  ],
  timeout: 30_000            # Optional: timeout in ms
)
Suites
A Suite is a collection of test cases:
Nous.Eval.Suite.new(
  name: "suite_name",
  default_model: "lmstudio:model",
  default_instructions: "Be helpful",
  test_cases: [...]
)
Results
Evaluation results include:
%{
  suite_name: "basic_tests",
  total: 10,
  pass_count: 8,
  fail_count: 2,
  pass_rate: 0.8,
  aggregate_score: 0.85,
  test_results: [...],
  metrics_summary: %{
    latency: %{p50: 1200, p95: 2500, p99: 3000},
    tokens: %{input: 500, output: 800, total: 1300},
    cost: %{total: 0.002}
  }
}
Evaluators
Built-in Evaluators
:exact_match
Output must exactly match expected string:
TestCase.new(
  input: "What is 2+2?",
  expected: "4",
  eval_type: :exact_match
)
:fuzzy_match
String similarity above threshold (uses Jaro-Winkler distance):
TestCase.new(
  input: "Spell color",
  expected: "colour",
  eval_type: :fuzzy_match,
  eval_config: %{threshold: 0.85}  # Default: 0.8
)
:contains
Output must contain specified substrings or patterns:
# Simple contains
TestCase.new(
  input: "List 3 fruits",
  expected: %{contains: ["apple", "banana"]},
  eval_type: :contains
)

# With regex patterns
TestCase.new(
  input: "Write an email",
  expected: %{
    contains: ["Subject:", "Dear"],
    patterns: ["\\d{4}"]  # Must contain 4-digit number
  },
  eval_type: :contains
)

# All must match (default) vs any
TestCase.new(
  expected: %{contains: ["hello", "hi"], match_all: false},
  eval_type: :contains
)
:tool_usage
Verify correct tools were called:
TestCase.new(
  input: "Calculate 15% tip on $50",
  expected: %{
    tools_called: ["calculate"],      # These tools must be called
    tools_not_called: ["search"],     # These must NOT be called
    call_count: %{calculate: 1},      # Expected call counts
    args_contain: %{                   # Arguments validation
      calculate: %{amount: 50}
    }
  },
  eval_type: :tool_usage,
  agent_config: [tools: [CalculatorTool]]
)
:schema
Validate structured output against Ecto schema:
defmodule Person do
  use Ecto.Schema
  embedded_schema do
    field :name, :string
    field :age, :integer
  end
end

TestCase.new(
  input: "Extract: John is 30 years old",
  expected: %{schema: Person},
  eval_type: :schema,
  agent_config: [response_schema: Person]
)
:llm_judge
Use an LLM to judge quality:
TestCase.new(
  input: "Write a haiku about coding",
  expected: %{
    criteria: """
    Evaluate if this is a valid haiku:
    1. Has 3 lines
    2. Follows 5-7-5 syllable pattern
    3. Relates to coding/programming
    """,
    min_score: 0.7
  },
  eval_type: :llm_judge,
  eval_config: %{
    judge_model: "lmstudio:ministral-3-14b-reasoning"
  }
)
Custom Evaluators
Implement the Nous.Eval.Evaluator behaviour:
defmodule MyApp.SentimentEvaluator do
  @behaviour Nous.Eval.Evaluator

  @impl true
  def evaluate(actual, expected, config) do
    # actual: %{output: "...", agent_result: ...}
    # expected: %{sentiment: :positive}
    # config: %{} evaluator config

    output = actual.output
    sentiment = analyze_sentiment(output)

    passed = sentiment == expected.sentiment
    score = if passed, do: 1.0, else: 0.0

    %{
      score: score,
      passed: passed,
      reason: unless(passed, do: "Expected #{expected.sentiment}, got #{sentiment}"),
      details: %{detected_sentiment: sentiment}
    }
  end

  defp analyze_sentiment(text) do
    # Your sentiment analysis logic
  end
end

# Usage
TestCase.new(
  input: "Review: This product is amazing!",
  expected: %{sentiment: :positive},
  eval_type: :custom,
  eval_config: %{evaluator: MyApp.SentimentEvaluator}
)
YAML Test Definitions
Define tests in YAML for easier management:
# test/eval/suites/basic.yaml
name: basic_agent_tests
default_model: lmstudio:ministral-3-14b-reasoning
default_instructions: Be concise and helpful.

test_cases:
  - id: greeting
    name: Basic Greeting
    input: "Say hello to the user"
    expected:
      contains:
        - hello
        - hi
    eval_type: contains
    tags:
      - basic
      - greeting

  - id: math
    input: "What is 15 + 27?"
    expected: "42"
    eval_type: fuzzy_match
    eval_config:
      threshold: 0.9

  - id: tool_test
    input: "Calculate 20% of 150"
    expected:
      tools_called:
        - calculator
    eval_type: tool_usage
    agent_config:
      tools:
        - calculator
Load and run:
{:ok, suite} = Nous.Eval.Suite.from_yaml("test/eval/suites/basic.yaml")
{:ok, result} = Nous.Eval.run(suite)
Running Evaluations
Mix Task
# Run all suites from default directory
mix nous.eval

# Run specific suite
mix nous.eval --suite test/eval/suites/basic.yaml

# Filter by tags
mix nous.eval --tags basic,tool

# Exclude tags
mix nous.eval --exclude slow,stress

# Override model
mix nous.eval --model lmstudio:qwen-7b

# Parallel execution
mix nous.eval --parallel 4

# JSON output
mix nous.eval --format json --output results.json

Programmatic
# Basic run
{:ok, result} = Nous.Eval.run(suite)

# With options
{:ok, result} = Nous.Eval.run(suite,
  model: "lmstudio:different-model",
  parallelism: 4,
  timeout: 60_000,
  tags: [:basic],
  retry_failed: 2
)

# A/B testing
{:ok, comparison} = Nous.Eval.run_ab(suite,
  config_a: [model_settings: %{temperature: 0.3}],
  config_b: [model_settings: %{temperature: 0.7}]
)

# Single test case
{:ok, result} = Nous.Eval.run_case(test_case, model: "lmstudio:model")
Parameter Optimization
Grid Search
Exhaustive search over all parameter combinations:
alias Nous.Eval.Optimizer
alias Nous.Eval.Optimizer.Parameter

params = [
  Parameter.float(:temperature, 0.0, 1.0, step: 0.2),
  Parameter.integer(:max_tokens, 256, 1024, step: 256)
]

{:ok, result} = Optimizer.optimize(suite, params,
  strategy: :grid_search,
  metric: :score,
  max_trials: 50
)

IO.puts("Best config: #{inspect(result.best_config)}")
IO.puts("Best score: #{result.best_score}")
Bayesian Optimization
Smart search that learns from previous trials:
params = [
  Parameter.float(:temperature, 0.0, 1.0),
  Parameter.float(:top_p, 0.5, 1.0),
  Parameter.integer(:max_tokens, 256, 2048)
]

{:ok, result} = Optimizer.optimize(suite, params,
  strategy: :bayesian,
  n_trials: 30,
  n_initial: 10,  # Random trials before optimization
  gamma: 0.25,    # Top 25% are "good"
  metric: :score
)
Random Search
Random sampling with optional Latin Hypercube Sampling:
{:ok, result} = Optimizer.optimize(suite, params,
  strategy: :random,
  n_trials: 50,
  latin_hypercube: true  # Better coverage
)
Mix Task
# Basic optimization
mix nous.optimize --suite basic.yaml

# Bayesian with 50 trials
mix nous.optimize --suite basic.yaml --strategy bayesian --trials 50

# Minimize latency
mix nous.optimize --suite basic.yaml --metric latency_p50 --minimize

# Custom parameters
mix nous.optimize --suite basic.yaml --params params.exs

Create params.exs:
alias Nous.Eval.Optimizer.Parameter

[
  Parameter.float(:temperature, 0.0, 1.0, step: 0.1),
  Parameter.choice(:model, [
    "lmstudio:ministral-3-14b-reasoning",
    "lmstudio:qwen-7b"
  ])
]
Metrics
Collected Metrics
The framework automatically collects:
	Metric	Description
	latency.total	Total request duration
	latency.first_token	Time to first token (streaming)
	latency.p50/p95/p99	Latency percentiles
	tokens.input	Input tokens used
	tokens.output	Output tokens generated
	tokens.total	Total tokens
	cost.total	Estimated cost
	tool_calls	Number of tool invocations
	iterations	Agent loop iterations

Custom Metrics
Add custom metrics via telemetry:
:telemetry.execute(
  [:nous, :eval, :custom_metric],
  %{value: 42},
  %{test_id: "my_test"}
)
Reporting
Console
Nous.Eval.Reporter.print(result)
# Or detailed
Nous.Eval.Reporter.print_detailed(result)
Output:
══════════════════════════════════════════════════════════════════
                    Evaluation Results: basic_tests
══════════════════════════════════════════════════════════════════

  Total: 10 | Passed: 8 | Failed: 2 | Pass Rate: 80.0%

  Metrics:
    Latency (p50/p95/p99): 1.2s / 2.5s / 3.0s
    Tokens (in/out/total): 500 / 800 / 1300
    Estimated Cost: $0.002

  Failed Tests:
    ✗ test_complex_reasoning: Expected output to contain 'specific phrase'
    ✗ test_edge_case: Timeout after 30000ms
JSON Export
json = Nous.Eval.Reporter.Json.to_json(result)
File.write!("results.json", json)
Markdown
md = Nous.Eval.Reporter.to_markdown(result)
File.write!("results.md", md)
ExUnit Integration
Use the evaluation framework in ExUnit tests:
defmodule MyAgentTest do
  use ExUnit.Case

  alias Nous.Eval.{TestCase, Runner}

  @model "lmstudio:ministral-3-14b-reasoning"

  test "agent handles basic greeting" do
    test_case = TestCase.new(
      id: "greeting",
      input: "Hello!",
      expected: %{contains: ["hello", "hi"]},
      eval_type: :contains
    )

    {:ok, result} = Runner.run_case(test_case, model: @model)

    assert result.passed, "Expected test to pass: #{result.reason}"
    assert result.score >= 0.8
  end

  test "agent uses calculator tool" do
    test_case = TestCase.new(
      id: "calculator",
      input: "What is 15% of 200?",
      expected: %{tools_called: ["calculator"]},
      eval_type: :tool_usage,
      agent_config: [tools: [CalculatorTool]]
    )

    {:ok, result} = Runner.run_case(test_case, model: @model)

    assert result.passed
  end
end
Best Practices
Test Design
	Use descriptive IDs: greeting_basic not test_1
	Tag appropriately: Use tags for filtering (basic, slow, tool)
	Set realistic timeouts: Account for model inference time
	Test edge cases: Empty input, long input, special characters

Performance
	Run in parallel when tests are independent
	Use caching for repeated evaluations
	Set appropriate timeouts to fail fast
	Use random/bayesian over grid search for large spaces

CI/CD Integration
# .github/workflows/eval.yml
- name: Run evaluations
  run: mix nous.eval --format json --output eval-results.json

- name: Check pass rate
  run: |
    PASS_RATE=$(jq '.pass_rate' eval-results.json)
    if (( $(echo "$PASS_RATE < 0.9" | bc -l) )); then
      echo "Pass rate below threshold: $PASS_RATE"
      exit 1
    fi
Troubleshooting
Common Issues
Timeout errors
	Increase timeout: timeout: 60_000
	Use a faster model for testing
	Add concise instructions to reduce output

Flaky tests
	Use lower temperature: model_settings: %{temperature: 0.1}
	Use fuzzy matching instead of exact
	Add retry: retry_failed: 2

Memory issues
	Reduce parallelism
	Process results in batches
	Clear accumulated results

Debug Mode
{:ok, result} = Nous.Eval.run(suite, verbose: true)
Verbose mode prints:
	Each test case as it runs
	Tool calls made
	Token counts
	Timing information

API Reference
See HexDocs for complete API documentation:
	Nous.Eval - Main entry point
	Nous.Eval.TestCase - Test case struct
	Nous.Eval.Suite - Test suite struct
	Nous.Eval.Runner - Test runner
	Nous.Eval.Evaluator - Evaluator behaviour
	Nous.Eval.Optimizer - Parameter optimization
	Nous.Eval.Reporter - Result reporting



  

    LLM Council Design Document for Nous

Overview
This document captures the analysis of the nyo16/llm-council repository and outlines the design for implementing an LLM Council example in the Nous Elixir framework.

Part 1: Analysis of llm-council Repository
1.1 Core Concept
An LLM Council is a 3-stage deliberation system where multiple LLMs collaboratively answer user questions:
User Query
    ↓
┌─────────────────────────────────────────────────────────────┐
│ STAGE 1: Individual Responses                               │
│ All council models respond to the question in parallel      │
└─────────────────────────────────────────────────────────────┘
    ↓
┌─────────────────────────────────────────────────────────────┐
│ STAGE 2: Peer Review (Anonymized)                           │
│ Each model ranks all responses (as "Response A, B, C...")   │
│ Identities are hidden to prevent bias                       │
└─────────────────────────────────────────────────────────────┘
    ↓
┌─────────────────────────────────────────────────────────────┐
│ STAGE 3: Chairman Synthesis                                 │
│ A designated "Chairman" model synthesizes final answer      │
│ using all responses + rankings as context                   │
└─────────────────────────────────────────────────────────────┘
    ↓
Final Comprehensive Answer
1.2 Key Design Decisions
Anonymization Strategy (Critical)
	Why: Prevents models from playing favorites or being biased toward/against specific providers
	How: Responses are labeled as "Response A", "Response B", etc.
	De-anonymization: A mapping {"Response A": "openai/gpt-4", ...} is maintained for display purposes only
	Display: Frontend shows model names in bold for user readability, with explanation that original evaluation used anonymous labels

Graceful Degradation
	If a model fails, continue with successful responses
	Never fail the entire request due to a single model failure
	Log errors but don't expose to users unless ALL models fail

Parallel Execution
	Stage 1: All models queried in parallel (asyncio.gather)
	Stage 2: All ranking queries run in parallel
	Title generation runs in parallel with main pipeline

1.3 Prompts Analysis
Stage 2: Ranking Prompt
Evaluate responses to: {user_query}

Response A:
{response_a_text}

Response B:
{response_b_text}

Response C:
{response_c_text}

Analyze each response, then provide FINAL RANKING:
1. Response [letter]
2. Response [letter]
etc.
Requirements for parseable output:
	Evaluate each response individually first
	Provide "FINAL RANKING:" header
	Numbered list format: "1. Response C", "2. Response A", etc.
	No additional text after ranking section

Stage 3: Chairman Synthesis Prompt
You are Chairman of an LLM Council.

Original Question: {user_query}

STAGE 1 - Individual Responses:
Model: {model_name}
Response: {response_text}
...

STAGE 2 - Peer Rankings:
Model: {model_name}
Ranking: {ranking_text}
...

Synthesize into a comprehensive answer.
1.4 Data Flow
┌──────────────────────────────────────────────────────────────────┐
│                        API Request                               │
│  POST /api/conversations/{id}/message  {"content": "..."}        │
└──────────────────────────────────────────────────────────────────┘
                              │
                              ▼
┌──────────────────────────────────────────────────────────────────┐
│  stage1_collect_responses(user_query)                            │
│  ├─ query_models_parallel([model1, model2, model3, model4])      │
│  │   ├─ query_model(model1, messages) ─────────┐                 │
│  │   ├─ query_model(model2, messages) ─────────┤ (parallel)      │
│  │   ├─ query_model(model3, messages) ─────────┤                 │
│  │   └─ query_model(model4, messages) ─────────┘                 │
│  └─ return [{model, response}, ...]                              │
└──────────────────────────────────────────────────────────────────┘
                              │
                              ▼
┌──────────────────────────────────────────────────────────────────┐
│  stage2_collect_rankings(user_query, stage1_results)             │
│  ├─ Anonymize: create labels (A, B, C, D)                        │
│  ├─ Build label_to_model mapping                                 │
│  ├─ query_models_parallel with ranking_prompt                    │
│  ├─ Parse each ranking: parse_ranking_from_text()                │
│  └─ return (rankings_list, label_to_model)                       │
└──────────────────────────────────────────────────────────────────┘
                              │
                              ▼
┌──────────────────────────────────────────────────────────────────┐
│  calculate_aggregate_rankings(stage2_results, label_to_model)    │
│  ├─ For each ranking, extract positions                          │
│  ├─ Average rank per model across all evaluations                │
│  └─ Sort by average rank (lower is better)                       │
└──────────────────────────────────────────────────────────────────┘
                              │
                              ▼
┌──────────────────────────────────────────────────────────────────┐
│  stage3_synthesize_final(query, stage1, stage2)                  │
│  ├─ Build chairman_prompt with all context                       │
│  ├─ query_model(CHAIRMAN_MODEL, messages)                        │
│  └─ return {model, response}                                     │
└──────────────────────────────────────────────────────────────────┘
                              │
                              ▼
┌──────────────────────────────────────────────────────────────────┐
│  Return: {stage1, stage2, stage3, metadata}                      │
│  metadata = {label_to_model, aggregate_rankings}                 │
└──────────────────────────────────────────────────────────────────┘
1.5 File Structure Summary
llm-council/
├── backend/
│   ├── config.py        # COUNCIL_MODELS, CHAIRMAN_MODEL, API keys
│   ├── council.py       # Core 3-stage orchestration logic
│   ├── openrouter.py    # API client (query_model, query_models_parallel)
│   ├── storage.py       # JSON conversation persistence
│   └── main.py          # FastAPI endpoints with streaming support
├── frontend/src/
│   ├── App.jsx          # Main orchestration, state management
│   ├── api.js           # API client with SSE streaming
│   └── components/
│       ├── Stage1.jsx   # Tabbed individual responses
│       ├── Stage2.jsx   # Rankings with de-anonymization
│       ├── Stage3.jsx   # Chairman's final answer
│       ├── ChatInterface.jsx  # Message display
│       └── Sidebar.jsx  # Conversation list
└── CLAUDE.md            # Comprehensive technical notes

Part 2: Mermaid Diagrams
2.1 High-Level Flow (Mermaid)
flowchart TB
    subgraph Input
        Q[/"User Question"/]
    end

    subgraph Stage1["Stage 1: Individual Responses"]
        direction LR
        A1[("Agent A<br/>Analyst")]
        A2[("Agent B<br/>Skeptic")]
        A3[("Agent C<br/>Creative")]
    end

    subgraph Stage2["Stage 2: Anonymized Peer Review"]
        direction TB
        ANON["Anonymize Responses<br/>A→Response A, B→Response B, C→Response C"]
        R1["Agent A ranks: B > C > A"]
        R2["Agent B ranks: A > C > B"]
        R3["Agent C ranks: A > B > C"]
        AGG["Aggregate Rankings:<br/>#1 Agent A (avg 1.33)<br/>#2 Agent B (avg 2.0)<br/>#3 Agent C (avg 2.67)"]
    end

    subgraph Stage3["Stage 3: Chairman Synthesis"]
        CH[("Chairman<br/>Model")]
        FINAL[/"Final Answer"/]
    end

    Q --> A1 & A2 & A3
    A1 & A2 & A3 --> ANON
    ANON --> R1 & R2 & R3
    R1 & R2 & R3 --> AGG
    AGG --> CH
    A1 & A2 & A3 -.-> CH
    CH --> FINAL

    style Stage1 fill:#e1f5fe
    style Stage2 fill:#fff3e0
    style Stage3 fill:#e8f5e9
2.2 Sequence Diagram (Mermaid)
sequenceDiagram
    autonumber
    participant U as User
    participant C as Council
    participant A as Agent A<br/>(Analyst)
    participant B as Agent B<br/>(Skeptic)
    participant X as Agent C<br/>(Creative)
    participant CH as Chairman

    U->>C: deliberate("What is X?")

    rect rgb(225, 245, 254)
        Note over C,X: Stage 1: Parallel Individual Responses
        par Query all agents
            C->>A: query(question)
            C->>B: query(question)
            C->>X: query(question)
        end
        A-->>C: response_A
        B-->>C: response_B
        X-->>C: response_C
    end

    rect rgb(255, 243, 224)
        Note over C,X: Stage 2: Anonymized Peer Rankings
        C->>C: Anonymize: A→"Response A", B→"Response B", C→"Response C"
        par All agents rank
            C->>A: rank(Response A, B, C)
            C->>B: rank(Response A, B, C)
            C->>X: rank(Response A, B, C)
        end
        A-->>C: ranking_A: [B, C, A]
        B-->>C: ranking_B: [A, C, B]
        X-->>C: ranking_C: [A, B, C]
        C->>C: Calculate aggregate rankings
    end

    rect rgb(232, 245, 233)
        Note over C,CH: Stage 3: Chairman Synthesis
        C->>CH: synthesize(all_responses, all_rankings, aggregates)
        CH-->>C: final_answer
    end

    C-->>U: {stage1, stage2, stage3, metadata}
2.3 Component Architecture (Mermaid)
graph TB
    subgraph "Council Module"
        NEW["Council.new/1"]
        DELIB["Council.deliberate/2"]
        DELIB_CB["Council.deliberate_with_callbacks/3"]
    end

    subgraph "Stage Functions"
        S1["stage1_collect_responses/2"]
        S2["stage2_collect_rankings/3"]
        S3["stage3_synthesize/5"]
        AGG["calculate_aggregate_rankings/2"]
        PARSE["parse_ranking_from_text/1"]
    end

    subgraph "Nous Framework"
        AGENT["Nous.Agent"]
        RUN["Agent.run/3"]
        TASK["Task.async_stream"]
    end

    subgraph "External"
        LLM["LLM API<br/>(LM Studio / OpenAI)"]
    end

    NEW --> AGENT
    DELIB --> S1 & S2 & S3
    DELIB_CB --> S1 & S2 & S3
    S1 --> TASK --> RUN --> AGENT --> LLM
    S2 --> TASK
    S2 --> PARSE
    S2 --> AGG
    S3 --> RUN

    style NEW fill:#bbdefb
    style DELIB fill:#bbdefb
    style DELIB_CB fill:#bbdefb
2.4 Data Flow State Machine (Mermaid)
stateDiagram-v2
    [*] --> Initialized: Council.new()

    Initialized --> Stage1_Running: deliberate(query)

    state Stage1_Running {
        [*] --> Querying_Agents
        Querying_Agents --> Collecting_Responses: parallel queries
        Collecting_Responses --> [*]: all responses received
    }

    Stage1_Running --> Stage2_Running: stage1 complete

    state Stage2_Running {
        [*] --> Anonymizing
        Anonymizing --> Querying_Rankings: build label_to_model
        Querying_Rankings --> Parsing_Rankings: parallel ranking queries
        Parsing_Rankings --> Aggregating: parse FINAL RANKING
        Aggregating --> [*]: calculate averages
    }

    Stage2_Running --> Stage3_Running: stage2 complete

    state Stage3_Running {
        [*] --> Building_Chairman_Prompt
        Building_Chairman_Prompt --> Chairman_Synthesis: include all context
        Chairman_Synthesis --> [*]: final answer
    }

    Stage3_Running --> Complete: stage3 complete
    Complete --> [*]: return result

    Stage1_Running --> Failed: all models fail
    Stage2_Running --> Failed: error
    Stage3_Running --> Failed: chairman fails
    Failed --> [*]
2.5 Ranking Aggregation (Mermaid)
graph LR
    subgraph "Agent A's Ranking"
        A1["1st: Response B"]
        A2["2nd: Response C"]
        A3["3rd: Response A"]
    end

    subgraph "Agent B's Ranking"
        B1["1st: Response A"]
        B2["2nd: Response C"]
        B3["3rd: Response B"]
    end

    subgraph "Agent C's Ranking"
        C1["1st: Response A"]
        C2["2nd: Response B"]
        C3["3rd: Response C"]
    end

    subgraph "Aggregate Calculation"
        RA["Response A:<br/>(3+1+1)/3 = 1.67"]
        RB["Response B:<br/>(1+3+2)/3 = 2.00"]
        RC["Response C:<br/>(2+2+3)/3 = 2.33"]
    end

    subgraph "Final Ranking"
        F1["#1: Response A (1.67)"]
        F2["#2: Response B (2.00)"]
        F3["#3: Response C (2.33)"]
    end

    A3 & B1 & C1 --> RA
    A1 & B3 & C2 --> RB
    A2 & B2 & C3 --> RC

    RA --> F1
    RB --> F2
    RC --> F3

    style F1 fill:#ffd700
    style F2 fill:#c0c0c0
    style F3 fill:#cd7f32

Part 3: ASCII Sequence Diagrams (Alternative)
3.1 Full Council Flow (ASCII)
┌─────┐      ┌─────────┐      ┌─────────┐      ┌─────────┐      ┌─────────┐
│User │      │ API     │      │ Model A │      │ Model B │      │Chairman │
└──┬──┘      └────┬────┘      └────┬────┘      └────┬────┘      └────┬────┘
   │              │                │                │                │
   │ "What is X?" │                │                │                │
   │─────────────>│                │                │                │
   │              │                │                │                │
   │              │ ═══════════════ STAGE 1 ═══════════════════════  │
   │              │                │                │                │
   │              │  query(prompt) │                │                │
   │              │───────────────>│                │                │
   │              │  query(prompt) │                │                │
   │              │────────────────────────────────>│                │
   │              │                │                │                │
   │              │  response_A    │                │                │
   │              │<───────────────│                │                │
   │              │  response_B    │                │                │
   │              │<────────────────────────────────│                │
   │              │                │                │                │
   │              │ ═══════════════ STAGE 2 ═══════════════════════  │
   │              │                │                │                │
   │              │ Anonymize responses as A, B    │                │
   │              │                │                │                │
   │              │  rank(A,B)     │                │                │
   │              │───────────────>│                │                │
   │              │  rank(A,B)     │                │                │
   │              │────────────────────────────────>│                │
   │              │                │                │                │
   │              │  ranking_A     │                │                │
   │              │<───────────────│                │                │
   │              │  ranking_B     │                │                │
   │              │<────────────────────────────────│                │
   │              │                │                │                │
   │              │ Calculate aggregate rankings   │                │
   │              │                │                │                │
   │              │ ═══════════════ STAGE 3 ═══════════════════════  │
   │              │                │                │                │
   │              │  synthesize(responses, rankings)                │
   │              │─────────────────────────────────────────────────>│
   │              │                │                │                │
   │              │                │                │   final_answer │
   │              │<─────────────────────────────────────────────────│
   │              │                │                │                │
   │ {s1,s2,s3}   │                │                │                │
   │<─────────────│                │                │                │
   │              │                │                │                │
3.2 Streaming Flow (SSE)
┌─────┐           ┌─────────┐           ┌──────────────────┐
│User │           │Frontend │           │   Backend API    │
└──┬──┘           └────┬────┘           └────────┬─────────┘
   │                   │                         │
   │ Submit question   │                         │
   │──────────────────>│                         │
   │                   │                         │
   │                   │  POST /message/stream   │
   │                   │────────────────────────>│
   │                   │                         │
   │                   │  SSE: stage1_start      │
   │                   │<────────────────────────│
   │ Show spinner S1   │                         │
   │<──────────────────│                         │
   │                   │                         │
   │                   │  SSE: stage1_complete   │
   │                   │<────────────────────────│
   │ Display responses │                         │
   │<──────────────────│                         │
   │                   │                         │
   │                   │  SSE: stage2_start      │
   │                   │<────────────────────────│
   │ Show spinner S2   │                         │
   │<──────────────────│                         │
   │                   │                         │
   │                   │  SSE: stage2_complete   │
   │                   │<────────────────────────│
   │ Display rankings  │                         │
   │<──────────────────│                         │
   │                   │                         │
   │                   │  SSE: stage3_start      │
   │                   │<────────────────────────│
   │ Show spinner S3   │                         │
   │<──────────────────│                         │
   │                   │                         │
   │                   │  SSE: stage3_complete   │
   │                   │<────────────────────────│
   │ Display final     │                         │
   │<──────────────────│                         │
   │                   │                         │
   │                   │  SSE: complete          │
   │                   │<────────────────────────│

Part 4: Nous Implementation Design
4.1 Architecture Overview
┌─────────────────────────────────────────────────────────────────┐
│                    Nous LLM Council                        │
├─────────────────────────────────────────────────────────────────┤
│                                                                 │
│  ┌─────────────────┐    ┌─────────────────────────────────┐    │
│  │   Council       │    │     Council Member Agents        │    │
│  │   Supervisor    │───>│  ┌─────────┐ ┌─────────┐        │    │
│  │   (GenServer)   │    │  │Agent A  │ │Agent B  │ ...    │    │
│  └─────────────────┘    │  │(GPT-4)  │ │(Claude) │        │    │
│           │             │  └─────────┘ └─────────┘        │    │
│           │             └─────────────────────────────────┘    │
│           │                                                     │
│           ▼             ┌─────────────────────────────────┐    │
│  ┌─────────────────┐    │       Chairman Agent            │    │
│  │   Stage         │───>│  (Synthesis/Final Answer)       │    │
│  │   Orchestrator  │    └─────────────────────────────────┘    │
│  └─────────────────┘                                           │
│                                                                 │
└─────────────────────────────────────────────────────────────────┘
4.2 Module Structure
examples/
└── council/
    ├── council_demo.exs           # Main demo script
    ├── council.ex                 # Core orchestration module
    ├── council_config.ex          # Configuration (models, prompts)
    └── council_server.ex          # Optional GenServer wrapper
4.3 Core Data Types
defmodule Council.Types do
  @type model_response :: %{
    model: String.t(),
    response: String.t()
  }

  @type ranking :: %{
    model: String.t(),
    ranking: String.t(),
    parsed_ranking: [String.t()]
  }

  @type aggregate_ranking :: %{
    model: String.t(),
    average_rank: float(),
    rankings_count: non_neg_integer()
  }

  @type council_result :: %{
    stage1: [model_response()],
    stage2: [ranking()],
    stage3: model_response(),
    metadata: %{
      label_to_model: map(),
      aggregate_rankings: [aggregate_ranking()]
    }
  }
end
4.4 Core Module Design
defmodule Council do
  @moduledoc """
  LLM Council - Multi-model deliberation system.

  Implements a 3-stage process:
  1. Collect individual responses from all council members
  2. Each member ranks all responses (anonymized)
  3. Chairman synthesizes final answer
  """

  alias Nous.Agent

  defstruct [
    :council_models,    # List of model strings
    :chairman_model,    # Model string for synthesis
    :agents,            # Map of model -> Agent struct
    :chairman_agent     # Agent struct for chairman
  ]

  @doc "Create a new council with specified models"
  def new(council_models, chairman_model, opts \\ [])

  @doc "Run the full 3-stage council process"
  def deliberate(council, query)

  @doc "Run with streaming callbacks for each stage"
  def deliberate_stream(council, query, callbacks)
end
4.5 Implementation Flow
defmodule Council do
  # Stage 1: Parallel responses
  defp stage1_collect_responses(council, query) do
    council.council_models
    |> Task.async_stream(fn model ->
      agent = Map.get(council.agents, model)
      case Nous.run(agent, query) do
        {:ok, result} -> %{model: model, response: result.output}
        {:error, _} -> nil
      end
    end, max_concurrency: length(council.council_models))
    |> Enum.map(fn {:ok, result} -> result end)
    |> Enum.filter(& &1)  # Remove nils (failed responses)
  end

  # Stage 2: Anonymized ranking
  defp stage2_collect_rankings(council, query, stage1_results) do
    {labels, label_to_model} = anonymize_responses(stage1_results)
    ranking_prompt = build_ranking_prompt(query, labels, stage1_results)

    rankings = council.council_models
    |> Task.async_stream(fn model ->
      agent = Map.get(council.agents, model)
      case Nous.run(agent, ranking_prompt) do
        {:ok, result} ->
          %{
            model: model,
            ranking: result.output,
            parsed_ranking: parse_ranking(result.output)
          }
        {:error, _} -> nil
      end
    end)
    |> Enum.map(fn {:ok, result} -> result end)
    |> Enum.filter(& &1)

    {rankings, label_to_model}
  end

  # Stage 3: Chairman synthesis
  defp stage3_synthesize(council, query, stage1, stage2) do
    chairman_prompt = build_chairman_prompt(query, stage1, stage2)

    case Nous.run(council.chairman_agent, chairman_prompt) do
      {:ok, result} ->
        %{model: council.chairman_model, response: result.output}
      {:error, reason} ->
        %{model: council.chairman_model, response: "Error: #{inspect(reason)}"}
    end
  end
end
4.6 Prompts
defmodule Council.Prompts do
  @ranking_prompt """
  You are evaluating responses to the following question:

  QUESTION: <%= query %>

  Here are the responses to evaluate:

  <%= for {label, response} <- labeled_responses do %>
  <%= label %>:
  <%= response %>

  <% end %>

  Please analyze each response for:
  1. Accuracy and correctness
  2. Completeness
  3. Clarity and helpfulness

  Then provide your FINAL RANKING in this exact format:

  FINAL RANKING:
  1. Response [letter]
  2. Response [letter]
  3. Response [letter]
  (etc.)

  Rank from best to worst. Do not include any text after the ranking.
  """

  @chairman_prompt """
  You are the Chairman of an LLM Council. Your role is to synthesize
  multiple expert opinions into one comprehensive, authoritative answer.

  ORIGINAL QUESTION:
  <%= query %>

  STAGE 1 - Individual Expert Responses:
  <%= for resp <- stage1_results do %>
  Expert (<%= resp.model %>):
  <%= resp.response %>

  <% end %>

  STAGE 2 - Peer Rankings (how experts ranked each other):
  <%= for ranking <- stage2_results do %>
  Reviewer (<%= ranking.model %>):
  <%= ranking.ranking %>

  <% end %>

  AGGREGATE RANKINGS (average position, lower is better):
  <%= for agg <- aggregate_rankings do %>
  - <%= agg.model %>: <%= agg.average_rank %> (from <%= agg.rankings_count %> votes)
  <% end %>

  Based on all of the above, synthesize a comprehensive final answer that:
  1. Incorporates the strongest points from top-ranked responses
  2. Addresses any concerns raised in the peer reviews
  3. Provides a clear, authoritative answer to the original question

  YOUR SYNTHESIS:
  """

  def ranking_prompt(query, labeled_responses) do
    EEx.eval_string(@ranking_prompt,
      query: query,
      labeled_responses: labeled_responses
    )
  end

  def chairman_prompt(query, stage1_results, stage2_results, aggregate_rankings) do
    EEx.eval_string(@chairman_prompt,
      query: query,
      stage1_results: stage1_results,
      stage2_results: stage2_results,
      aggregate_rankings: aggregate_rankings
    )
  end
end
4.7 Example Usage
# examples/council/council_demo.exs

# Define council members (using local LM Studio)
council_models = [
  "lmstudio:qwen/qwen3-4b-2507",
  "lmstudio:qwen/qwen3-4b-2507",  # Can use same model with different prompts
  "lmstudio:qwen/qwen3-4b-2507"
]

# Chairman can be the same or a stronger model
chairman_model = "lmstudio:qwen/qwen3-4b-2507"

# Create the council
council = Council.new(council_models, chairman_model)

# Ask a question
question = "What are the key factors to consider when designing a distributed system?"

# Run deliberation
{:ok, result} = Council.deliberate(council, question)

# Display results
IO.puts("\n=== STAGE 1: Individual Responses ===")
for resp <- result.stage1 do
  IO.puts("\n--- #{resp.model} ---")
  IO.puts(resp.response)
end

IO.puts("\n=== STAGE 2: Peer Rankings ===")
for ranking <- result.stage2 do
  IO.puts("\n--- #{ranking.model}'s Ranking ---")
  IO.puts(ranking.ranking)
  IO.puts("Parsed: #{inspect(ranking.parsed_ranking)}")
end

IO.puts("\n=== AGGREGATE RANKINGS ===")
for agg <- result.metadata.aggregate_rankings do
  IO.puts("#{agg.model}: avg #{agg.average_rank} (#{agg.rankings_count} votes)")
end

IO.puts("\n=== STAGE 3: Chairman's Final Answer ===")
IO.puts("Chairman: #{result.stage3.model}")
IO.puts(result.stage3.response)
4.8 Leveraging Nous Features
	Feature	Usage in Council
	Task.async_stream	Parallel model queries (Stage 1 & 2)
	Nous.Agent	Each council member as an agent
	RunContext.deps	Pass council state, previous results
	message_history	Multi-turn debates (optional extension)
	Streaming	Real-time stage-by-stage updates
	Telemetry	Monitor council performance
	Registry	Named council agents for distributed setup

4.9 Extension Ideas
	Multi-Round Debate: Allow multiple rounds of discussion before final synthesis
	Weighted Voting: Give more weight to models that consistently rank well
	Specialist Roles: Assign different system prompts (critic, advocate, skeptic)
	Tool-Based Delegation: Coordinator agent delegates to specialists via tools
	Streaming: Real-time updates as each stage completes
	Persistence: Save council deliberations for analysis


Part 5: Local Testing with LM Studio
Your local LLM is available at:
curl http://localhost:1234/v1/chat/completions \
  -H "Content-Type: application/json" \
  -d '{
    "model": "qwen/qwen3-4b-2507",
    "messages": [{"role": "user", "content": "Hello"}],
    "temperature": 0.7
  }'

For Nous, use:
agent = Nous.new("lmstudio:qwen/qwen3-4b-2507",
  model_settings: %{temperature: 0.7}
)
The base URL http://localhost:1234/v1 should be configured in your environment or model settings.

Summary
The LLM Council pattern provides:
	Diverse perspectives: Multiple models approach problems differently
	Peer review: Built-in quality control through anonymous ranking
	Synthesis: Chairman combines best insights into authoritative answer
	Transparency: All stages visible for user verification

Nous's features (parallel execution, agents, streaming, telemetry) make it an excellent fit for implementing this pattern.


  

    
Nous.Eval.Evaluators.Contains 
    



      
Evaluator that checks if output contains expected substrings or patterns.
Expected Format
The expected value can be:
	A list of strings: ["word1", "word2"]
	A map with :contains key: %{contains: ["word1", "word2"]}
	A map with :contains_any key: %{contains_any: ["word1", "word2"]}
	A map with :regex key: %{regex: ["pattern1", "pattern2"]}

Configuration
	:case_insensitive - Ignore case (default: true)
	:match_all - Require all items to match (default: true for :contains)

Examples
# Must contain all words
TestCase.new(
  id: "contains_all",
  input: "What's the weather in Tokyo?",
  expected: %{contains: ["weather", "Tokyo"]},
  eval_type: :contains
)

# Must contain any word
TestCase.new(
  id: "contains_any",
  input: "Say hello",
  expected: %{contains_any: ["hello", "hi", "hey"]},
  eval_type: :contains
)

# Regex patterns
TestCase.new(
  id: "regex",
  input: "What is 25*4?",
  expected: %{regex: ["\\d+"]},
  eval_type: :contains
)

      




  

    
Nous.Eval.Evaluators.ExactMatch 
    



      
Evaluator that requires exact string match.
Configuration
	:normalize - Normalize strings before comparison (default: false)
	:trim - Trim whitespace (default: true)
	:case_insensitive - Ignore case (default: false)

Examples
# Basic exact match
TestCase.new(
  id: "exact",
  input: "What is 2+2?",
  expected: "4",
  eval_type: :exact_match
)

# Case insensitive
TestCase.new(
  id: "exact_ci",
  input: "What is the capital?",
  expected: "Paris",
  eval_type: :exact_match,
  eval_config: %{case_insensitive: true}
)

      




  

    
Nous.Eval.Evaluators.FuzzyMatch 
    



      
Evaluator that uses string similarity for matching.
Uses Levenshtein distance to calculate similarity between strings.
Configuration
	:threshold - Minimum similarity (0.0 to 1.0, default: 0.8)
	:normalize - Normalize strings before comparison (default: true)
	:case_insensitive - Ignore case (default: true)

Examples
TestCase.new(
  id: "fuzzy",
  input: "What is the capital of France?",
  expected: "Paris is the capital of France",
  eval_type: :fuzzy_match,
  eval_config: %{threshold: 0.7}
)

      


      
        Summary


  
    Functions
  


    
      
        calculate_similarity(s1, s2)

      


        Calculate similarity between two strings using Levenshtein distance.



    


    
      
        levenshtein_distance(s1, s2)

      


        Calculate the Levenshtein distance between two strings.



    





      


      
        Functions


        


  
    
      
    
    
      calculate_similarity(s1, s2)



        
          
        

    

  


  

      

          @spec calculate_similarity(String.t(), String.t()) :: float()


      


Calculate similarity between two strings using Levenshtein distance.
Returns a value between 0.0 (completely different) and 1.0 (identical).

  



  
    
      
    
    
      levenshtein_distance(s1, s2)



        
          
        

    

  


  

      

          @spec levenshtein_distance(String.t(), String.t()) :: non_neg_integer()


      


Calculate the Levenshtein distance between two strings.

  


        

      


  

    
Nous.Eval.Evaluators.LLMJudge 
    



      
Evaluator that uses an LLM to judge output quality.
This evaluator is useful when:
	Expected output is subjective
	Multiple valid answers exist
	Complex reasoning is needed to evaluate

Expected Format
%{
  criteria: "Is the response helpful, accurate, and well-formatted?",
  rubric: "5: Excellent, 4: Good, 3: Average, 2: Poor, 1: Very Poor"
}
Configuration
	:judge_model - Model to use for judging (default: from suite or config)
	:criteria - Evaluation criteria
	:rubric - Scoring rubric
	:pass_threshold - Minimum score to pass (default: 0.6)
	:reference_answer - Optional reference answer for comparison

Examples
TestCase.new(
  id: "quality_check",
  input: "Explain recursion",
  expected: %{
    criteria: "Is the explanation clear, accurate, and uses good examples?",
    rubric: "5: Excellent explanation with clear examples, 3: Adequate, 1: Poor"
  },
  eval_type: :llm_judge,
  eval_config: %{
    judge_model: "lmstudio:ministral-3-14b-reasoning",
    pass_threshold: 0.6
  }
)

      




  

    
Nous.Eval.Evaluators.Schema 
    



      
Evaluator that validates structured output against an Ecto schema.
Expected Format
The expected value should be an Ecto schema module:
TestCase.new(
  id: "structured",
  input: "Generate a user with name Alice",
  expected: MyApp.User,
  eval_type: :schema
)
Or a map with the schema and optional field checks:
TestCase.new(
  id: "structured",
  input: "Generate a user",
  expected: %{
    schema: MyApp.User,
    required_fields: [:name, :email],
    field_values: %{name: "Alice"}
  },
  eval_type: :schema
)
Configuration
	:allow_extra_fields - Allow fields not in schema (default: true)
	:validate_changeset - Run changeset validations (default: true)


      




  

    
Nous.Eval.Evaluators.ToolUsage 
    



      
Evaluator that verifies correct tool usage by the agent.
Expected Format
%{
  tools_called: ["tool_name1", "tool_name2"],
  tools_not_called: ["tool_name3"],
  output_contains: ["expected", "text"],
  min_tool_calls: 1,
  max_tool_calls: 5,
  tool_args: %{
    "tool_name" => %{"arg1" => "value1"}
  }
}
All fields are optional.
Configuration
	:strict_order - Tools must be called in order (default: false)
	:check_args - Verify tool arguments (default: true if tool_args provided)

Examples
# Verify specific tools were called
TestCase.new(
  id: "tool_test",
  input: "What's the weather in Tokyo?",
  expected: %{
    tools_called: ["get_weather"],
    output_contains: ["Tokyo"]
  },
  eval_type: :tool_usage
)

# Verify tool call count
TestCase.new(
  id: "multi_tool",
  input: "Compare weather in Tokyo and Paris",
  expected: %{
    tools_called: ["get_weather"],
    min_tool_calls: 2
  },
  eval_type: :tool_usage
)

      




  

    
Nous.Eval.Metrics.Summary 
    



      
Aggregated metrics summary across multiple evaluation runs.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        compare(a, b)

      


        Compare two summaries.



    


    
      
        from_metrics(metrics_list, scores)

      


        Create a summary from a list of metrics and scores.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Nous.Eval.Metrics.Summary{
  count: non_neg_integer(),
  fail_count: non_neg_integer(),
  max_score: float(),
  mean_cost_per_run: float() | nil,
  mean_latency_ms: float(),
  mean_score: float(),
  mean_tokens: float(),
  min_score: float(),
  p50_latency_ms: non_neg_integer(),
  p50_tokens: non_neg_integer(),
  p95_latency_ms: non_neg_integer(),
  p95_tokens: non_neg_integer(),
  p99_latency_ms: non_neg_integer(),
  p99_tokens: non_neg_integer(),
  pass_count: non_neg_integer(),
  pass_rate: float(),
  tool_call_distribution: %{required(String.t()) => non_neg_integer()},
  tool_error_rate: float(),
  total_estimated_cost: float() | nil,
  total_tokens: non_neg_integer(),
  total_tool_calls: non_neg_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      compare(a, b)



        
          
        

    

  


  

      

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


      


Compare two summaries.

  



  
    
      
    
    
      from_metrics(metrics_list, scores)



        
          
        

    

  


  

      

          @spec from_metrics([Nous.Eval.Metrics.t()], [float()]) :: t()


      


Create a summary from a list of metrics and scores.

  


        

      


  

    
Nous.Eval.Optimizer 
    



      
Optimization engine for finding optimal agent configurations.
The optimizer runs evaluation suites with different parameter combinations
to find configurations that maximize performance metrics.
Supported Strategies
	:grid_search - Exhaustive search over parameter grid
	:bayesian - Bayesian optimization with TPE (Tree-structured Parzen Estimator)
	:random - Random search over parameter space

Example
# Define parameter space
params = [
  Optimizer.Parameter.float(:temperature, 0.0, 1.0, step: 0.1),
  Optimizer.Parameter.integer(:max_tokens, 100, 1000, step: 100),
  Optimizer.Parameter.choice(:model, [
    "lmstudio:ministral-3-14b-reasoning",
    "lmstudio:qwen-7b"
  ])
]

# Run optimization
{:ok, result} = Optimizer.optimize(suite, params,
  strategy: :grid_search,
  metric: :score,
  maximize: true
)

IO.inspect(result.best_config)
IO.inspect(result.best_score)
Bayesian Optimization
For expensive evaluations, use Bayesian optimization which learns from
previous trials to focus on promising regions:
{:ok, result} = Optimizer.optimize(suite, params,
  strategy: :bayesian,
  n_trials: 50,
  metric: :score
)
Metrics
Optimization can target different metrics:
	:score - Aggregate evaluation score (default)
	:pass_rate - Percentage of tests passing
	:latency_p50 - Median latency
	:latency_p95 - 95th percentile latency
	:total_tokens - Token efficiency
	:cost - Estimated cost


      


      
        Summary


  
    Types
  


    
      
        metric()

      


    


    
      
        optimization_result()

      


    


    
      
        trial()

      


    





  
    Functions
  


    
      
        extract_metric(result, arg2)

      


        Extract a specific metric from evaluation result.



    


    
      
        optimize(suite, parameters, opts \\ [])

      


        Run optimization to find best configuration.



    


    
      
        run_trial(suite, config, metric, opts \\ [])

      


        Run a single trial with given configuration.



    





      


      
        Types


        


  
    
      
    
    
      metric()



        
          
        

    

  


  

      

          @type metric() ::
  :score
  | :pass_rate
  | :latency_p50
  | :latency_p95
  | :latency_p99
  | :total_tokens
  | :cost


      



  



  
    
      
    
    
      optimization_result()



        
          
        

    

  


  

      

          @type optimization_result() :: %{
  best_config: map(),
  best_score: float(),
  all_trials: [trial()],
  total_trials: non_neg_integer(),
  duration_ms: non_neg_integer(),
  strategy: atom(),
  metric: atom(),
  avg_score: float(),
  std_score: float()
}


      



  



  
    
      
    
    
      trial()



        
          
        

    

  


  

      

          @type trial() :: %{
  config: map(),
  score: float(),
  metrics: map(),
  duration_ms: non_neg_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      extract_metric(result, arg2)



        
          
        

    

  


  

      

          @spec extract_metric(map(), metric()) :: float()


      


Extract a specific metric from evaluation result.

  



    

  
    
      
    
    
      optimize(suite, parameters, opts \\ [])



        
          
        

    

  


  

      

          @spec optimize(Nous.Eval.Suite.t(), [Nous.Eval.Optimizer.Parameter.t()], keyword()) ::
  {:ok, optimization_result()} | {:error, term()}


      


Run optimization to find best configuration.
Options
	:strategy - Optimization strategy (:grid_search, :bayesian, :random)
	:metric - Metric to optimize (default: :score)
	:maximize - Whether to maximize metric (default: true)
	:n_trials - Max trials for bayesian/random (default: 100)
	:timeout - Total timeout in ms (default: 3600000 = 1 hour)
	:parallel - Run trials in parallel (default: false)
	:early_stop - Stop if score reaches threshold
	:verbose - Print progress (default: true)

Returns
{:ok, %{
  best_config: %{temperature: 0.3, max_tokens: 500},
  best_score: 0.95,
  all_trials: [...],
  total_trials: 50,
  duration_ms: 120000,
  strategy: :bayesian,
  metric: :score
}}

  



    

  
    
      
    
    
      run_trial(suite, config, metric, opts \\ [])



        
          
        

    

  


  

      

          @spec run_trial(Nous.Eval.Suite.t(), map(), atom(), keyword()) ::
  {:ok, trial()} | {:error, term()}


      


Run a single trial with given configuration.

  


        

      


  

    
Nous.Eval.Optimizer.Parameter 
    



      
Defines optimizable parameters for agent configuration.
Parameters define the search space for optimization. Each parameter
specifies a name, type, and valid range of values.
Parameter Types
	:float - Continuous floating point values
	:integer - Discrete integer values
	:choice - Categorical choices from a list
	:bool - Boolean true/false

Examples
# Temperature from 0.0 to 1.0 in steps of 0.1
Parameter.float(:temperature, 0.0, 1.0, step: 0.1)

# Max tokens from 100 to 2000 in steps of 100
Parameter.integer(:max_tokens, 100, 2000, step: 100)

# Model selection
Parameter.choice(:model, [
  "lmstudio:ministral-3-14b",
  "lmstudio:qwen-7b",
  "openai:gpt-4"
])

# Enable/disable a feature
Parameter.bool(:use_cot)
Conditional Parameters
Parameters can be conditional on other parameter values:
Parameter.float(:top_p, 0.0, 1.0,
  condition: {:temperature, &(&1 > 0.5)}
)

      


      
        Summary


  
    Types
  


    
      
        param_type()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        active?(parameter, config)

      


        Check if a parameter is active given current config.



    


    
      
        bool(name, opts \\ [])

      


        Create a boolean parameter.



    


    
      
        choice(name, choices, opts \\ [])

      


        Create a categorical choice parameter.



    


    
      
        float(name, min, max, opts \\ [])

      


        Create a float parameter.



    


    
      
        integer(name, min, max, opts \\ [])

      


        Create an integer parameter.



    


    
      
        sample(parameter)

      


        Sample a random value from the parameter space.



    


    
      
        values(parameter)

      


        Get all possible values for a parameter (for grid search).



    





      


      
        Types


        


  
    
      
    
    
      param_type()



        
          
        

    

  


  

      

          @type param_type() :: :float | :integer | :choice | :bool


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Nous.Eval.Optimizer.Parameter{
  choices: [term()] | nil,
  condition: {atom(), function()} | nil,
  default: term() | nil,
  log_scale: boolean(),
  max: number() | nil,
  min: number() | nil,
  name: atom(),
  step: number() | nil,
  type: param_type()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      active?(parameter, config)



        
          
        

    

  


  

      

          @spec active?(t(), map()) :: boolean()


      


Check if a parameter is active given current config.

  



    

  
    
      
    
    
      bool(name, opts \\ [])



        
          
        

    

  


  

      

          @spec bool(
  atom(),
  keyword()
) :: t()


      


Create a boolean parameter.
Options
	:default - Default value (default: false)
	:condition - Conditional on another parameter

Examples
Parameter.bool(:use_cot)
Parameter.bool(:stream, default: true)

  



    

  
    
      
    
    
      choice(name, choices, opts \\ [])



        
          
        

    

  


  

      

          @spec choice(atom(), [term()], keyword()) :: t()


      


Create a categorical choice parameter.
Options
	:default - Default value
	:condition - Conditional on another parameter

Examples
Parameter.choice(:model, ["gpt-4", "gpt-3.5-turbo", "claude-3"])
Parameter.choice(:strategy, [:greedy, :sampling, :beam_search])

  



    

  
    
      
    
    
      float(name, min, max, opts \\ [])



        
          
        

    

  


  

      

          @spec float(atom(), number(), number(), keyword()) :: t()


      


Create a float parameter.
Options
	:step - Step size for grid search (default: calculated)
	:default - Default value
	:log_scale - Use log scale for sampling
	:condition - Conditional on another parameter

Examples
Parameter.float(:temperature, 0.0, 1.0)
Parameter.float(:temperature, 0.0, 1.0, step: 0.1)
Parameter.float(:learning_rate, 1.0e-5, 1.0e-2, log_scale: true)

  



    

  
    
      
    
    
      integer(name, min, max, opts \\ [])



        
          
        

    

  


  

      

          @spec integer(atom(), integer(), integer(), keyword()) :: t()


      


Create an integer parameter.
Options
	:step - Step size (default: 1)
	:default - Default value
	:condition - Conditional on another parameter

Examples
Parameter.integer(:max_tokens, 100, 4000)
Parameter.integer(:max_tokens, 100, 4000, step: 100)

  



  
    
      
    
    
      sample(parameter)



        
          
        

    

  


  

      

          @spec sample(t()) :: term()


      


Sample a random value from the parameter space.

  



  
    
      
    
    
      values(parameter)



        
          
        

    

  


  

      

          @spec values(t()) :: [term()]


      


Get all possible values for a parameter (for grid search).

  


        

      


  

    
Nous.Eval.Optimizer.SearchSpace 
    



      
Defines and manages the search space for optimization.
A search space is a collection of parameters that define all possible
configurations to explore during optimization.
Example
params = [
  Parameter.float(:temperature, 0.0, 1.0, step: 0.1),
  Parameter.integer(:max_tokens, 100, 1000, step: 100),
  Parameter.choice(:model, ["gpt-4", "gpt-3.5-turbo"])
]

space = SearchSpace.from_parameters(params)

# Get total number of combinations (for grid search)
SearchSpace.size(space)  # => 110 * 10 * 2 = 2200

# Generate all combinations
SearchSpace.grid(space)  # => [%{temperature: 0.0, max_tokens: 100, model: "gpt-4"}, ...]

# Sample a random configuration
SearchSpace.sample(space)  # => %{temperature: 0.7, max_tokens: 500, model: "gpt-4"}

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_parameters(parameters)

      


        Create a search space from a list of parameters.



    


    
      
        get_parameter(search_space, name)

      


        Get parameter by name.



    


    
      
        grid(search_space)

      


        Generate all configurations for grid search.



    


    
      
        latin_hypercube_sample(search_space, n)

      


        Sample configurations using Latin Hypercube Sampling for better coverage.



    


    
      
        sample(search_space)

      


        Sample a random configuration from the search space.



    


    
      
        sample_n(space, n)

      


        Sample n random configurations from the search space.



    


    
      
        size(search_space)

      


        Get the total number of configurations in the search space.



    


    
      
        valid_config?(search_space, config)

      


        Check if a configuration is valid (all required parameters present).



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Nous.Eval.Optimizer.SearchSpace{
  parameters: [Nous.Eval.Optimizer.Parameter.t()],
  size: non_neg_integer() | :infinite
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      from_parameters(parameters)



        
          
        

    

  


  

      

          @spec from_parameters([Nous.Eval.Optimizer.Parameter.t()]) :: t()


      


Create a search space from a list of parameters.

  



  
    
      
    
    
      get_parameter(search_space, name)



        
          
        

    

  


  

      

          @spec get_parameter(t(), atom()) :: Nous.Eval.Optimizer.Parameter.t() | nil


      


Get parameter by name.

  



  
    
      
    
    
      grid(search_space)



        
          
        

    

  


  

      

          @spec grid(t()) :: [map()]


      


Generate all configurations for grid search.
Only works for finite search spaces. Returns a list of configuration maps.

  



  
    
      
    
    
      latin_hypercube_sample(search_space, n)



        
          
        

    

  


  

      

          @spec latin_hypercube_sample(t(), non_neg_integer()) :: [map()]


      


Sample configurations using Latin Hypercube Sampling for better coverage.

  



  
    
      
    
    
      sample(search_space)



        
          
        

    

  


  

      

          @spec sample(t()) :: map()


      


Sample a random configuration from the search space.

  



  
    
      
    
    
      sample_n(space, n)



        
          
        

    

  


  

      

          @spec sample_n(t(), non_neg_integer()) :: [map()]


      


Sample n random configurations from the search space.

  



  
    
      
    
    
      size(search_space)



        
          
        

    

  


  

      

          @spec size(t()) :: non_neg_integer() | :infinite


      


Get the total number of configurations in the search space.
Returns :infinite if any parameter has continuous range without step.

  



  
    
      
    
    
      valid_config?(search_space, config)



        
          
        

    

  


  

      

          @spec valid_config?(t(), map()) :: boolean()


      


Check if a configuration is valid (all required parameters present).

  


        

      


  

    
Nous.Eval.Optimizer.Strategies.Bayesian 
    



      
Bayesian optimization strategy inspired by TPE (Tree-structured Parzen Estimator).
This strategy learns from previous trials to focus exploration on promising
regions of the search space. It balances exploration (trying new areas) with
exploitation (refining good areas).
How It Works
	Start with random samples to build initial knowledge
	Split trials into "good" (above threshold) and "bad" (below threshold)
	Model the distribution of good vs bad configurations
	Sample new configurations more likely to be in "good" regions
	Repeat until budget exhausted

Options
	:n_trials - Total number of trials (default: 100)
	:n_initial - Initial random trials before optimization (default: 10)
	:gamma - Quantile for splitting good/bad (default: 0.25 = top 25%)
	:timeout - Total timeout in ms (default: 3600000)
	:early_stop - Stop if score reaches threshold
	:verbose - Print progress (default: true)

Example
Optimizer.optimize(suite, params,
  strategy: :bayesian,
  n_trials: 50,
  n_initial: 10,
  metric: :score
)
When to Use
Bayesian optimization is recommended when:
	Evaluations are expensive (LLM API calls cost time/money)
	You want to find good configurations with fewer trials
	The search space is continuous or mixed
	Some parameter combinations are likely better than others

Limitations
	More complex than random search
	May get stuck in local optima
	Requires enough initial samples to build good model


      




  

    
Nous.Eval.Optimizer.Strategies.GridSearch 
    



      
Exhaustive grid search optimization strategy.
Grid search evaluates all combinations of parameter values in the search space.
Best for small search spaces where you want to guarantee finding the global optimum.
Options
	:max_trials - Maximum number of trials (default: unlimited)
	:timeout - Total timeout in ms (default: 3600000 = 1 hour)
	:parallel - Number of parallel trials (default: 1)
	:early_stop - Stop if score reaches threshold
	:verbose - Print progress (default: true)
	:shuffle - Randomize order of configurations (default: false)

Example
Optimizer.optimize(suite, params,
  strategy: :grid_search,
  metric: :score,
  max_trials: 100,
  verbose: true
)
Limitations
Grid search becomes impractical for large search spaces. For N parameters
with M values each, the total combinations is M^N. Consider using
:random or :bayesian strategies for larger spaces.

      




  

    
Nous.Eval.Optimizer.Strategies.Random 
    



      
Random search optimization strategy.
Random search samples configurations randomly from the search space.
Often surprisingly effective and much faster than grid search for
high-dimensional spaces.
Options
	:n_trials - Number of trials to run (default: 100)
	:timeout - Total timeout in ms (default: 3600000 = 1 hour)
	:early_stop - Stop if score reaches threshold
	:verbose - Print progress (default: true)
	:latin_hypercube - Use Latin Hypercube Sampling for better coverage (default: false)

Example
Optimizer.optimize(suite, params,
  strategy: :random,
  n_trials: 50,
  metric: :score
)
When to Use
Random search is recommended when:
	Search space is large (many parameters or wide ranges)
	Some parameters are more important than others (random search explores all)
	You have limited time/budget for optimization
	Grid search would take too long

Latin Hypercube Sampling
Enable latin_hypercube: true for better coverage of the search space.
LHS ensures samples are spread evenly across each parameter's range.

      




  

    
Nous.Eval.Optimizer.Strategy behaviour
    



      
Behaviour for optimization strategies.
Strategies define how to explore the search space to find optimal configurations.
Implementing a Custom Strategy
defmodule MyStrategy do
  @behaviour Nous.Eval.Optimizer.Strategy

  @impl true
  def run(suite, search_space, metric, maximize, opts) do
    # Your optimization logic here
    # Return {:ok, [trial, ...]} or {:error, reason}
  end
end
Built-in Strategies
	Nous.Eval.Optimizer.Strategies.GridSearch - Exhaustive grid search
	Nous.Eval.Optimizer.Strategies.Random - Random search
	Nous.Eval.Optimizer.Strategies.Bayesian - Bayesian optimization (TPE-inspired)
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        run(suite, search_space, metric, maximize, opts)

      


        Run the optimization strategy.
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      trial()



        
          
        

    

  


  

      

          @type trial() :: Nous.Eval.Optimizer.trial()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      run(suite, search_space, metric, maximize, opts)



        
          
        

    

  


  

      

          @callback run(
  suite :: Nous.Eval.Suite.t(),
  search_space :: Nous.Eval.Optimizer.SearchSpace.t(),
  metric :: Nous.Eval.Optimizer.metric(),
  maximize :: boolean(),
  opts :: keyword()
) :: {:ok, [trial()]} | {:error, term()}


      


Run the optimization strategy.
Parameters
	suite - The evaluation suite to optimize
	search_space - The parameter search space
	metric - The metric to optimize
	maximize - Whether to maximize (true) or minimize (false)
	opts - Strategy-specific options

Returns
	{:ok, trials} - List of all trials run
	{:error, reason} - If optimization fails


  


        

      


  

    
Nous.Eval.Reporter.Console 
    



      
Console output for evaluation reports.
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    Functions
  


    
      
        print(result, opts \\ [])

      


        Print a summary of results to console.



    


    
      
        print_detailed(result, opts \\ [])

      


        Print detailed results including all tests.



    





      


      
        Functions


        


    

  
    
      
    
    
      print(result, opts \\ [])



        
          
        

    

  


  

      

          @spec print(
  Nous.Eval.SuiteResult.t(),
  keyword()
) :: :ok


      


Print a summary of results to console.

  



    

  
    
      
    
    
      print_detailed(result, opts \\ [])



        
          
        

    

  


  

      

          @spec print_detailed(
  Nous.Eval.SuiteResult.t(),
  keyword()
) :: :ok


      


Print detailed results including all tests.

  


        

      


  

    
Nous.Eval.Reporter.Json 
    



      
JSON output for evaluation reports.
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    Functions
  


    
      
        to_file(result, path)

      


        Write report to JSON file.



    


    
      
        to_json(result)

      


        Generate JSON report.



    


    
      
        to_map(result)

      


        Convert result to a map suitable for JSON encoding.



    





      


      
        Functions


        


  
    
      
    
    
      to_file(result, path)



        
          
        

    

  


  

      

          @spec to_file(Nous.Eval.SuiteResult.t(), String.t()) :: :ok | {:error, term()}


      


Write report to JSON file.

  



  
    
      
    
    
      to_json(result)



        
          
        

    

  


  

      

          @spec to_json(Nous.Eval.SuiteResult.t()) :: String.t()


      


Generate JSON report.

  



  
    
      
    
    
      to_map(result)



        
          
        

    

  


  

      

          @spec to_map(Nous.Eval.SuiteResult.t()) :: map()


      


Convert result to a map suitable for JSON encoding.

  


        

      


  

    
Nous.Eval.Result 
    



      
Result of a single test case evaluation.
Contains the actual output, evaluation score, metrics, and any errors.
Fields
	:test_case_id - ID of the test case
	:test_case_name - Display name of the test case
	:passed - Whether the test passed
	:score - Numeric score (0.0 to 1.0)
	:actual_output - The output from the agent
	:expected_output - The expected output
	:evaluation_details - Details from the evaluator
	:metrics - Collected metrics (tokens, latency, etc.)
	:error - Error if the test failed to run
	:duration_ms - Total test duration in milliseconds
	:run_at - When the test was run
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        t()

      


    





  
    Functions
  


    
      
        error(opts)

      


        Create an error result (test failed to run).



    


    
      
        failure(opts)

      


        Create a failed result.



    


    
      
        has_error?(result)

      


        Check if the result has an error (test didn't complete).



    


    
      
        success(opts)

      


        Create a successful result.
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      t()



        
          
        

    

  


  

      

          @type t() :: %Nous.Eval.Result{
  actual_output: term(),
  agent_result: map() | nil,
  duration_ms: non_neg_integer(),
  error: term() | nil,
  evaluation_details: map(),
  expected_output: term(),
  metrics: Nous.Eval.Metrics.t() | nil,
  passed: boolean(),
  run_at: DateTime.t(),
  score: float(),
  test_case_id: String.t(),
  test_case_name: String.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      error(opts)



        
          
        

    

  


  

      

          @spec error(keyword()) :: t()


      


Create an error result (test failed to run).

  



  
    
      
    
    
      failure(opts)



        
          
        

    

  


  

      

          @spec failure(keyword()) :: t()


      


Create a failed result.

  



  
    
      
    
    
      has_error?(result)



        
          
        

    

  


  

      

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


      


Check if the result has an error (test didn't complete).

  



  
    
      
    
    
      success(opts)



        
          
        

    

  


  

      

          @spec success(keyword()) :: t()


      


Create a successful result.

  


        

      


  

    
Nous.Eval.SuiteResult 
    



      
Result of running an entire test suite.
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        t()

      


    





  
    Functions
  


    
      
        errors(suite_result)

      


        Get error test cases (tests that failed to run).



    


    
      
        failed(suite_result)

      


        Get failed test cases.



    


    
      
        from_results(suite_name, results, started_at, completed_at)

      


        Create a suite result from individual test results.



    


    
      
        passed(suite_result)

      


        Get passed test cases.
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      t()



        
          
        

    

  


  

      

          @type t() :: %Nous.Eval.SuiteResult{
  aggregate_score: float(),
  completed_at: DateTime.t(),
  duration_ms: non_neg_integer(),
  error_count: non_neg_integer(),
  fail_count: non_neg_integer(),
  metrics_summary: Nous.Eval.Metrics.Summary.t() | nil,
  pass_count: non_neg_integer(),
  pass_rate: float(),
  results: [Nous.Eval.Result.t()],
  started_at: DateTime.t(),
  suite_name: String.t(),
  total_count: non_neg_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      errors(suite_result)



        
          
        

    

  


  

      

          @spec errors(t()) :: [Nous.Eval.Result.t()]


      


Get error test cases (tests that failed to run).

  



  
    
      
    
    
      failed(suite_result)



        
          
        

    

  


  

      

          @spec failed(t()) :: [Nous.Eval.Result.t()]


      


Get failed test cases.

  



  
    
      
    
    
      from_results(suite_name, results, started_at, completed_at)



        
          
        

    

  


  

      

          @spec from_results(String.t(), [Nous.Eval.Result.t()], DateTime.t(), DateTime.t()) ::
  t()


      


Create a suite result from individual test results.

  



  
    
      
    
    
      passed(suite_result)



        
          
        

    

  


  

      

          @spec passed(t()) :: [Nous.Eval.Result.t()]


      


Get passed test cases.

  


        

      


  

    
Nous.Eval.YamlLoader 
    



      
Loads evaluation suites and test cases from YAML files.
Example YAML Format
name: my_suite
description: Test suite for weather agent
default_model: lmstudio:ministral-3-14b-reasoning
default_timeout: 30000
parallelism: 2

test_cases:
  - id: basic_query
    name: Basic Weather Query
    input: "What's the weather in Tokyo?"
    expected:
      contains: ["weather", "Tokyo"]
    eval_type: contains
    tags: [basic, weather]
    timeout: 20000

  - id: exact_response
    name: Math Test
    input: "What is 2+2?"
    expected: "4"
    eval_type: exact_match

  - id: quality_check
    name: Explanation Quality
    input: "Explain recursion"
    expected:
      criteria: "Is the explanation clear?"
    eval_type: llm_judge
    eval_config:
      judge_model: lmstudio:ministral-3-14b-reasoning
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        load_directory(dir)

      


        Load all suites from a directory.



    


    
      
        load_suite(path)

      


        Load a suite from a YAML file.
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      load_directory(dir)



        
          
        

    

  


  

      

          @spec load_directory(String.t()) :: {:ok, [Nous.Eval.Suite.t()]} | {:error, term()}


      


Load all suites from a directory.

  



  
    
      
    
    
      load_suite(path)



        
          
        

    

  


  

      

          @spec load_suite(String.t()) :: {:ok, Nous.Eval.Suite.t()} | {:error, term()}


      


Load a suite from a YAML file.

  


        

      


  

    
Nous.LLM 
    



      
Simple LLM API for direct model calls without agents.
This module provides a lightweight interface for making LLM calls
without the full agent machinery. Use this when you need simple
text generation, optionally with tools.
Examples
# Simple generation
{:ok, text} = Nous.generate_text("openai:gpt-4", "What is 2+2?")
IO.puts(text) # "4"

# With options
text = Nous.generate_text!("anthropic:claude-haiku-4-5", "Hello",
  system: "You are a pirate",
  temperature: 0.7,
  max_tokens: 500
)

# With tools
{:ok, text} = Nous.generate_text("openai:gpt-4", "What's the weather in Paris?",
  tools: [&MyTools.get_weather/2]
)

# Streaming
{:ok, stream} = Nous.stream_text("openai:gpt-4", "Write a story")
stream |> Stream.each(&IO.write/1) |> Stream.run()
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    Functions
  


    
      
        generate_text(model, prompt, opts \\ [])

      


        Generate text from a model.



    


    
      
        generate_text!(model, prompt, opts \\ [])

      


        Generate text from a model, raising on error.



    


    
      
        stream_text(model, prompt, opts \\ [])

      


        Stream text from a model.



    





      


      
        Types


        


  
    
      
    
    
      option()



        
          
        

    

  


  

      

          @type option() ::
  {:system, String.t()}
  | {:temperature, float()}
  | {:max_tokens, pos_integer()}
  | {:top_p, float()}
  | {:base_url, String.t()}
  | {:api_key, String.t()}
  | {:tools, [function() | Nous.Tool.t()]}
  | {:deps, map()}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      generate_text(model, prompt, opts \\ [])



        
          
        

    

  


  

      

          @spec generate_text(String.t() | Nous.Model.t(), String.t(), [option()]) ::
  {:ok, String.t()} | {:error, term()}


      


Generate text from a model.
Returns {:ok, text} on success, {:error, reason} on failure.
If tools are provided and the model calls them, they will be executed
automatically and the conversation will continue until the model returns
a text response.
Parameters
	model - Model string ("provider:model-name") or %Model{} struct
	prompt - The user prompt
	opts - Options (see below)

Options
	:system - System prompt
	:temperature - Sampling temperature (0.0 to 2.0)
	:max_tokens - Maximum tokens to generate
	:top_p - Nucleus sampling parameter
	:base_url - Override API base URL
	:api_key - Override API key
	:tools - List of tool functions or Tool structs
	:deps - Dependencies to pass to tool functions

Examples
{:ok, text} = Nous.LLM.generate_text("openai:gpt-4", "What is 2+2?")

{:ok, text} = Nous.LLM.generate_text("anthropic:claude-haiku-4-5", "Hello",
  system: "You are helpful",
  temperature: 0.7
)

# With tools
{:ok, text} = Nous.LLM.generate_text("openai:gpt-4", "What's the weather?",
  tools: [&MyTools.get_weather/2],
  deps: %{api_key: "..."}
)

  



    

  
    
      
    
    
      generate_text!(model, prompt, opts \\ [])



        
          
        

    

  


  

      

          @spec generate_text!(String.t() | Nous.Model.t(), String.t(), [option()]) ::
  String.t()


      


Generate text from a model, raising on error.
Same as generate_text/3 but raises Nous.Errors.ModelError on failure.
Examples
text = Nous.LLM.generate_text!("openai:gpt-4", "What is 2+2?")
IO.puts(text) # "4"

  



    

  
    
      
    
    
      stream_text(model, prompt, opts \\ [])



        
          
        

    

  


  

      

          @spec stream_text(String.t() | Nous.Model.t(), String.t(), [option()]) ::
  {:ok, Enumerable.t()} | {:error, term()}


      


Stream text from a model.
Returns {:ok, stream} where stream yields text chunks as strings.
Parameters
	model - Model string ("provider:model-name") or %Model{} struct
	prompt - The user prompt
	opts - Options (same as generate_text/3)

Examples
{:ok, stream} = Nous.LLM.stream_text("openai:gpt-4", "Write a haiku")
stream |> Stream.each(&IO.write/1) |> Stream.run()

  


        

      


  

    
Nous.Message 
    



      
Represents a message in a conversation with an AI model.
Messages support multi-modal content, tool calls, and various roles
following OpenAI's standard message format while providing Elixir-native
validation and type safety.
Message Roles
	:system - System instructions and context
	:user - User input and queries
	:assistant - AI model responses
	:tool - Tool execution results

Examples
# Simple text messages
iex> Message.system("You are a helpful assistant")
%Message{role: :system, content: "You are a helpful assistant"}

iex> Message.user("Hello!")
%Message{role: :user, content: "Hello!"}

# Multi-modal user message
iex> Message.user([
...>   ContentPart.text("What's in this image?"),
...>   ContentPart.image_url("https://example.com/image.jpg")
...> ])
%Message{role: :user, content: [%ContentPart{}, %ContentPart{}]}

# Assistant message with tool calls
iex> Message.assistant("Let me search for that", tool_calls: [
...>   %{id: "call_123", name: "search", arguments: %{"query" => "elixir"}}
...> ])
%Message{role: :assistant, content: "Let me search for that", tool_calls: [...]}
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    Functions
  


    
      
        assistant(content, opts \\ [])

      


        Create an assistant message.



    


    
      
        extract_text(message)

      


        Extract text content from a message.



    


    
      
        from_assistant?(arg1)

      


        Check if message is from assistant.



    


    
      
        from_legacy(response)

      


        Convert from legacy tuple format.



    


    
      
        from_user?(arg1)

      


        Check if message is from user.



    


    
      
        get_content_parts(message)

      


        Get message content as ContentPart list.



    


    
      
        get_metadata(message, key, default \\ nil)

      


        Get metadata from a message.



    


    
      
        has_tool_calls?(message)

      


        Check if message has tool calls.



    


    
      
        is_system?(arg1)

      


        Check if message is system instruction.



    


    
      
        is_tool_related?(message)

      


        Check if message is tool-related (tool call or tool result).



    


    
      
        new(attrs)

      


        Create a new message.



    


    
      
        new!(attrs)

      


        Create a new message, raising on validation failure.



    


    
      
        put_metadata(message, key, value)

      


        Add metadata to a message.



    


    
      
        system(content, opts \\ [])

      


        Create a system message.



    


    
      
        to_text(message)

      


        Convert message content to plain text representation.



    


    
      
        tool(tool_call_id, result, opts \\ [])

      


        Create a tool result message.



    


    
      
        user(content, opts \\ [])

      


        Create a user message.
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          @type t() :: %Nous.Message{
  content: String.t() | nil,
  created_at: DateTime.t(),
  metadata: map(),
  name: String.t() | nil,
  role: atom(),
  tool_call_id: String.t() | nil,
  tool_calls: [map()]
}
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      assistant(content, opts \\ [])



        
          
        

    

  


  

      

          @spec assistant(
  String.t() | [Nous.Message.ContentPart.t()],
  keyword()
) :: t()


      


Create an assistant message.
Assistant messages contain AI model responses, including tool calls.
Examples
iex> Message.assistant("Hello there!")
%Message{role: :assistant, content: "Hello there!"}

iex> Message.assistant("Let me search", tool_calls: [%{...}])
%Message{role: :assistant, content: "Let me search", tool_calls: [%{...}]}

  



  
    
      
    
    
      extract_text(message)



        
          
        

    

  


  

      

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


      


Extract text content from a message.
Examples
iex> message = Message.user("Hello world")
iex> Message.extract_text(message)
"Hello world"

iex> message = Message.user([ContentPart.text("Hi"), ContentPart.image_url("...")])
iex> Message.extract_text(message)
"Hi"

  



  
    
      
    
    
      from_assistant?(arg1)



        
          
        

    

  


  

      

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


      


Check if message is from assistant.
Examples
iex> Message.from_assistant?(Message.assistant("hello"))
true

iex> Message.from_assistant?(Message.user("hi"))
false

  



  
    
      
    
    
      from_legacy(response)



        
          
        

    

  


  

      

          @spec from_legacy(tuple() | map()) :: t()


      


Convert from legacy tuple format.
Examples
iex> Message.from_legacy({:user_prompt, "Hello"})
%Message{role: :user, content: "Hello"}

iex> Message.from_legacy({:system_prompt, "Instructions"})
%Message{role: :system, content: "Instructions"}

  



  
    
      
    
    
      from_user?(arg1)



        
          
        

    

  


  

      

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


      


Check if message is from user.
Examples
iex> Message.from_user?(Message.user("hello"))
true

iex> Message.from_user?(Message.assistant("hi"))
false

  



  
    
      
    
    
      get_content_parts(message)



        
          
        

    

  


  

      

          @spec get_content_parts(t()) :: [Nous.Message.ContentPart.t()]


      


Get message content as ContentPart list.
Always returns a list, converting string content to text parts.
Examples
iex> Message.get_content_parts(Message.user("Hello"))
[%ContentPart{type: :text, content: "Hello"}]

  



    

  
    
      
    
    
      get_metadata(message, key, default \\ nil)



        
          
        

    

  


  

      

          @spec get_metadata(t(), atom() | String.t(), any()) :: any()


      


Get metadata from a message.
Examples
iex> message = Message.user("hello", metadata: %{source: "api"})
iex> Message.get_metadata(message, :source)
"api"

  



  
    
      
    
    
      has_tool_calls?(message)



        
          
        

    

  


  

      

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


      


Check if message has tool calls.
Examples
iex> message = Message.assistant("Hello")
iex> Message.has_tool_calls?(message)
false

iex> message = Message.assistant("Search", tool_calls: [%{id: "call_1", ...}])
iex> Message.has_tool_calls?(message)
true

  



  
    
      
    
    
      is_system?(arg1)



        
          
        

    

  


  

      

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


      


Check if message is system instruction.
Examples
iex> Message.is_system?(Message.system("You are helpful"))
true

iex> Message.is_system?(Message.user("hi"))
false

  



  
    
      
    
    
      is_tool_related?(message)



        
          
        

    

  


  

      

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


      


Check if message is tool-related (tool call or tool result).
Examples
iex> Message.is_tool_related?(Message.tool("call_1", "result"))
true

iex> Message.is_tool_related?(Message.assistant("text", tool_calls: [%{}]))
true

iex> Message.is_tool_related?(Message.user("hello"))
false

  



  
    
      
    
    
      new(attrs)



        
          
        

    

  


  

      

          @spec new(map()) :: {:ok, t()} | {:error, Ecto.Changeset.t()}


      


Create a new message.
Returns {:ok, message} on success or {:error, changeset} on validation failure.
Examples
iex> Message.new(%{role: :user, content: "Hello"})
{:ok, %Message{role: :user, content: "Hello"}}

iex> Message.new(%{role: :invalid})
{:error, %Ecto.Changeset{}}

  



  
    
      
    
    
      new!(attrs)



        
          
        

    

  


  

      

          @spec new!(map()) :: t()


      


Create a new message, raising on validation failure.
Examples
iex> Message.new!(%{role: :user, content: "Hello"})
%Message{role: :user, content: "Hello"}

  



  
    
      
    
    
      put_metadata(message, key, value)



        
          
        

    

  


  

      

          @spec put_metadata(t(), atom() | String.t(), any()) :: t()


      


Add metadata to a message.
Examples
iex> message = Message.user("hello")
iex> Message.put_metadata(message, :source, "web_ui")
%Message{metadata: %{source: "web_ui"}}

  



    

  
    
      
    
    
      system(content, opts \\ [])



        
          
        

    

  


  

      

          @spec system(
  String.t() | [Nous.Message.ContentPart.t()],
  keyword()
) :: t()


      


Create a system message.
System messages provide instructions and context for the AI model.
Examples
iex> Message.system("You are a helpful assistant")
%Message{role: :system, content: "You are a helpful assistant"}

  



  
    
      
    
    
      to_text(message)



        
          
        

    

  


  

      

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


      


Convert message content to plain text representation.
Examples
iex> message = Message.user([
...>   ContentPart.text("Check this out: "),
...>   ContentPart.image_url("https://example.com/img.jpg")
...> ])
iex> Message.to_text(message)
"Check this out: [Image: https://example.com/img.jpg]"

  



    

  
    
      
    
    
      tool(tool_call_id, result, opts \\ [])



        
          
        

    

  


  

      

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


      


Create a tool result message.
Tool messages contain the results of tool/function executions.
Examples
iex> Message.tool("call_123", "Search results: ...", name: "search")
%Message{role: :tool, content: "Search results: ...", tool_call_id: "call_123", name: "search"}

  



    

  
    
      
    
    
      user(content, opts \\ [])



        
          
        

    

  


  

      

          @spec user(
  String.t() | [Nous.Message.ContentPart.t()],
  keyword()
) :: t()


      


Create a user message.
User messages contain input, queries, and multi-modal content.
Examples
iex> Message.user("Hello!")
%Message{role: :user, content: "Hello!"}

iex> Message.user([ContentPart.text("Hi"), ContentPart.image_url("...")])
%Message{role: :user, content: [%ContentPart{}, %ContentPart{}]}

  


        

      


  

    
Nous.Message.ContentPart 
    



      
Represents a part of message content supporting multi-modal inputs.
ContentPart enables rich message composition with text, images, files,
and other content types. Each part has a type and content, with optional
provider-specific metadata.
Content Types
	:text - Plain text content
	:image_url - Image from URL or data URI
	:image - Image with base64 data and metadata
	:file - File attachment
	:file_url - File from URL
	:thinking - Reasoning/thinking content (for models that support it)

Examples
# Text content
iex> ContentPart.text("Hello, world!")
%ContentPart{type: :text, content: "Hello, world!", options: %{}}

# Image from URL
iex> ContentPart.image_url("https://example.com/image.jpg")
%ContentPart{type: :image_url, content: "https://example.com/image.jpg", options: %{}}

# Image with metadata
iex> ContentPart.image("base64data", media_type: "image/jpeg")
%ContentPart{type: :image, content: "base64data", options: %{media_type: "image/jpeg"}}

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        base64_to_data_url(base64_string, mime_type)

      


        Convert base64 string to a data URL.



    


    
      
        detect_mime_type(file_path)

      


        Detect MIME type from file extension.



    


    
      
        extract_text(parts)

      


        Extract text content from a list of content parts.



    


    
      
        file(path_or_data, opts \\ [])

      


        Create a file content part.



    


    
      
        file_url(url)

      


        Create a file URL content part.



    


    
      
        from_binary(binary_data, filename_hint \\ "image.png")

      


        Create an image content part from binary data with automatic MIME detection.



    


    
      
        from_file(file_path)

      


        Create an image content part from a local file path.



    


    
      
        from_file!(file_path)

      


        Create an image content part from a local file path, raising on error.



    


    
      
        image(data, opts \\ [])

      


        Create an image content part with metadata.



    


    
      
        image_url(url)

      


        Create an image URL content part.



    


    
      
        merge(part1, part2)

      


        Merge content parts of the same type.



    


    
      
        new(attrs)

      


        Create a new content part.



    


    
      
        new!(attrs)

      


        Create a new content part, raising on validation failure.



    


    
      
        test_image()

      


        Create a 1x1 pixel test image as base64 data URL.



    


    
      
        text(content)

      


        Create a text content part.



    


    
      
        thinking(content)

      


        Create a thinking content part for models that support reasoning.



    


    
      
        to_data_url(binary_data, mime_type)

      


        Convert binary image data to a data URL.



    


    
      
        to_text(parts)

      


        Convert content parts to plain text representation.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Nous.Message.ContentPart{
  content: String.t(),
  options: map(),
  type: atom()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      base64_to_data_url(base64_string, mime_type)



        
          
        

    

  


  

      

          @spec base64_to_data_url(String.t(), String.t()) :: String.t()


      


Convert base64 string to a data URL.
Examples
iex> base64 = "iVBORw0KGgoAAAANSUhEUgAAAAEAAAABCAYAAAAfFcSJ"
iex> ContentPart.base64_to_data_url(base64, "image/png")
"data:image/png;base64,iVBORw0KGgoAAAANSUhEUgAAAAEAAAABCAYAAAAfFcSJ"

  



  
    
      
    
    
      detect_mime_type(file_path)



        
          
        

    

  


  

      

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


      


Detect MIME type from file extension.
Examples
iex> ContentPart.detect_mime_type("/path/to/image.jpg")
"image/jpeg"

iex> ContentPart.detect_mime_type("photo.png")
"image/png"

iex> ContentPart.detect_mime_type("unknown.xyz")
"application/octet-stream"

  



  
    
      
    
    
      extract_text(parts)



        
          
        

    

  


  

      

          @spec extract_text([t()]) :: String.t()


      


Extract text content from a list of content parts.
Examples
iex> parts = [ContentPart.text("Hello"), ContentPart.text(" world")]
iex> ContentPart.extract_text(parts)
"Hello world"

  



    

  
    
      
    
    
      file(path_or_data, opts \\ [])



        
          
        

    

  


  

      

          @spec file(
  String.t(),
  keyword()
) :: t()


      


Create a file content part.
Examples
iex> ContentPart.file("/path/to/file.pdf", media_type: "application/pdf")
%ContentPart{type: :file, content: "/path/to/file.pdf", options: %{media_type: "application/pdf"}}

  



  
    
      
    
    
      file_url(url)



        
          
        

    

  


  

      

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


      


Create a file URL content part.
Examples
iex> ContentPart.file_url("https://example.com/document.pdf")
%ContentPart{type: :file_url, content: "https://example.com/document.pdf"}

  



    

  
    
      
    
    
      from_binary(binary_data, filename_hint \\ "image.png")



        
          
        

    

  


  

      

          @spec from_binary(binary(), String.t()) :: t()


      


Create an image content part from binary data with automatic MIME detection.
Examples
iex> {:ok, image_data} = File.read("photo.jpg")
iex> ContentPart.from_binary(image_data, "photo.jpg")
%ContentPart{type: :image_url, content: "data:image/jpeg;base64,..."}

  



  
    
      
    
    
      from_file(file_path)



        
          
        

    

  


  

      

          @spec from_file(String.t()) :: {:ok, t()} | {:error, atom()}


      


Create an image content part from a local file path.
Reads the file, detects the MIME type, and converts to base64 data URL.
Examples
iex> ContentPart.from_file("/path/to/image.jpg")
{:ok, %ContentPart{type: :image_url, content: "data:image/jpeg;base64,..."}}

iex> ContentPart.from_file("/nonexistent.jpg")
{:error, :enoent}

  



  
    
      
    
    
      from_file!(file_path)



        
          
        

    

  


  

      

          @spec from_file!(String.t()) :: t()


      


Create an image content part from a local file path, raising on error.
Examples
iex> ContentPart.from_file!("/path/to/image.jpg")
%ContentPart{type: :image_url, content: "data:image/jpeg;base64,..."}

  



    

  
    
      
    
    
      image(data, opts \\ [])



        
          
        

    

  


  

      

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


      


Create an image content part with metadata.
Options
	:media_type - MIME type (e.g., "image/jpeg", "image/png")
	:cache_control - Caching hints for providers that support it

Examples
iex> ContentPart.image("base64data", media_type: "image/jpeg")
%ContentPart{type: :image, content: "base64data", options: %{media_type: "image/jpeg"}}

  



  
    
      
    
    
      image_url(url)



        
          
        

    

  


  

      

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


      


Create an image URL content part.
Examples
iex> ContentPart.image_url("https://example.com/image.jpg")
%ContentPart{type: :image_url, content: "https://example.com/image.jpg"}

iex> ContentPart.image_url("data:image/jpeg;base64,/9j/4AAQ...")
%ContentPart{type: :image_url, content: "data:image/jpeg;base64,/9j/4AAQ..."}

  



  
    
      
    
    
      merge(part1, part2)



        
          
        

    

  


  

      

          @spec merge(t(), t()) :: t() | {:error, :incompatible_types}


      


Merge content parts of the same type.
Useful for streaming where deltas arrive incrementally.
Examples
iex> part1 = ContentPart.text("Hello")
iex> part2 = ContentPart.text(" world")
iex> ContentPart.merge(part1, part2)
%ContentPart{type: :text, content: "Hello world"}

  



  
    
      
    
    
      new(attrs)



        
          
        

    

  


  

      

          @spec new(map()) :: {:ok, t()} | {:error, Ecto.Changeset.t()}


      


Create a new content part.
Returns {:ok, content_part} on success or {:error, changeset} on validation failure.
Examples
iex> ContentPart.new(%{type: :text, content: "Hello"})
{:ok, %ContentPart{type: :text, content: "Hello"}}

iex> ContentPart.new(%{type: :invalid})
{:error, %Ecto.Changeset{}}

  



  
    
      
    
    
      new!(attrs)



        
          
        

    

  


  

      

          @spec new!(map()) :: t()


      


Create a new content part, raising on validation failure.
Examples
iex> ContentPart.new!(%{type: :text, content: "Hello"})
%ContentPart{type: :text, content: "Hello"}

  



  
    
      
    
    
      test_image()



        
          
        

    

  


  

      

          @spec test_image() :: t()


      


Create a 1x1 pixel test image as base64 data URL.
Useful for testing multi-modal functionality.
Examples
iex> test_image = ContentPart.test_image()
iex> test_image.type
:image_url
iex> String.starts_with?(test_image.content, "data:image/png;base64,")
true

  



  
    
      
    
    
      text(content)



        
          
        

    

  


  

      

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


      


Create a text content part.
Examples
iex> ContentPart.text("Hello, world!")
%ContentPart{type: :text, content: "Hello, world!"}

  



  
    
      
    
    
      thinking(content)



        
          
        

    

  


  

      

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


      


Create a thinking content part for models that support reasoning.
Examples
iex> ContentPart.thinking("Let me think about this step by step...")
%ContentPart{type: :thinking, content: "Let me think about this step by step..."}

  



  
    
      
    
    
      to_data_url(binary_data, mime_type)



        
          
        

    

  


  

      

          @spec to_data_url(binary(), String.t()) :: String.t()


      


Convert binary image data to a data URL.
Examples
iex> binary_data = <<137, 80, 78, 71, 13, 10, 26, 10>>
iex> ContentPart.to_data_url(binary_data, "image/png")
"data:image/png;base64,iVBORw0KGgoAAAANSUhEUgAAAAEAAAABCAYAAAAfFcSJ"

  



  
    
      
    
    
      to_text(parts)



        
          
        

    

  


  

      

          @spec to_text([t()]) :: String.t()


      


Convert content parts to plain text representation.
Examples
iex> parts = [
...>   ContentPart.text("Look at this: "),
...>   ContentPart.image_url("https://example.com/img.jpg"),
...>   ContentPart.text(" Amazing!")
...> ]
iex> ContentPart.to_text(parts)
"Look at this: [Image: https://example.com/img.jpg] Amazing!"

  


        

      


  

    
Nous.Messages.Anthropic 
    



      
Anthropic format message conversion.
Handles conversion between internal Message structs and Anthropic API format.

      


      
        Summary


  
    Functions
  


    
      
        from_messages(anthropic_messages)

      


        Convert Anthropic format messages to internal Message structs.



    


    
      
        from_response(response)

      


        Parse Anthropic response into a Message.



    


    
      
        to_format(messages)

      


        Convert messages to Anthropic format.



    





      


      
        Functions


        


  
    
      
    
    
      from_messages(anthropic_messages)



        
          
        

    

  


  

      

          @spec from_messages([map()]) :: [Nous.Message.t()]


      


Convert Anthropic format messages to internal Message structs.

  



  
    
      
    
    
      from_response(response)



        
          
        

    

  


  

      

          @spec from_response(map()) :: Nous.Message.t()


      


Parse Anthropic response into a Message.
Examples
iex> response = %{"content" => [%{"type" => "text", "text" => "Hello"}], "model" => "claude-3"}
iex> Messages.Anthropic.from_response(response)
%Message{role: :assistant, content: "Hello"}

  



  
    
      
    
    
      to_format(messages)



        
          
        

    

  


  

      

          @spec to_format([Nous.Message.t()]) :: {String.t() | nil, [map()]}


      


Convert messages to Anthropic format.
Returns {system_prompt, messages} where system prompt is extracted
and combined, and messages are converted to Anthropic format.
Examples
iex> messages = [Message.system("Be helpful"), Message.user("Hello")]
iex> Messages.Anthropic.to_format(messages)
{"Be helpful", [%{"role" => "user", "content" => "Hello"}]}

  


        

      


  

    
Nous.Messages.Gemini 
    



      
Gemini format message conversion.
Handles conversion between internal Message structs and Google Gemini API format.

      


      
        Summary


  
    Functions
  


    
      
        from_messages(gemini_messages)

      


        Convert Gemini format messages to internal Message structs.



    


    
      
        from_response(response)

      


        Parse Gemini response into a Message.



    


    
      
        to_format(messages)

      


        Convert messages to Gemini format.



    





      


      
        Functions


        


  
    
      
    
    
      from_messages(gemini_messages)



        
          
        

    

  


  

      

          @spec from_messages([map()]) :: [Nous.Message.t()]


      


Convert Gemini format messages to internal Message structs.

  



  
    
      
    
    
      from_response(response)



        
          
        

    

  


  

      

          @spec from_response(map()) :: Nous.Message.t()


      


Parse Gemini response into a Message.
Examples
iex> response = %{"candidates" => [%{"content" => %{"parts" => [%{"text" => "Hello"}]}}]}
iex> Messages.Gemini.from_response(response)
%Message{role: :assistant, content: "Hello"}

  



  
    
      
    
    
      to_format(messages)



        
          
        

    

  


  

      

          @spec to_format([Nous.Message.t()]) :: {String.t() | nil, [map()]}


      


Convert messages to Gemini format.
Returns {system_prompt, contents} where system prompt is extracted
and messages are converted to Gemini contents format.
Examples
iex> messages = [Message.system("Be helpful"), Message.user("Hello")]
iex> Messages.Gemini.to_format(messages)
{"Be helpful", [%{"role" => "user", "parts" => [%{"text" => "Hello"}]}]}

  


        

      


  

    
Nous.Messages.OpenAI 
    



      
OpenAI format message conversion.
Handles conversion between internal Message structs and OpenAI API format.

      


      
        Summary


  
    Functions
  


    
      
        from_messages(openai_messages)

      


        Convert OpenAI format messages to internal Message structs.



    


    
      
        from_response(response)

      


        Parse OpenAI response into a Message.



    


    
      
        to_format(messages)

      


        Convert messages to OpenAI format.



    





      


      
        Functions


        


  
    
      
    
    
      from_messages(openai_messages)



        
          
        

    

  


  

      

          @spec from_messages([map()]) :: [Nous.Message.t()]


      


Convert OpenAI format messages to internal Message structs.

  



  
    
      
    
    
      from_response(response)



        
          
        

    

  


  

      

          @spec from_response(map()) :: Nous.Message.t()


      


Parse OpenAI response into a Message.
Examples
iex> response = %{"choices" => [%{"message" => %{"role" => "assistant", "content" => "Hello"}}]}
iex> Messages.OpenAI.from_response(response)
%Message{role: :assistant, content: "Hello"}

  



  
    
      
    
    
      to_format(messages)



        
          
        

    

  


  

      

          @spec to_format([Nous.Message.t()]) :: [map()]


      


Convert messages to OpenAI format.
Examples
iex> messages = [Message.system("Be helpful"), Message.user("Hello")]
iex> Messages.OpenAI.to_format(messages)
[
  %{"role" => "system", "content" => "Be helpful"},
  %{"role" => "user", "content" => "Hello"}
]

  


        

      


  

    
Nous.PromEx.Plugin 
    



      
PromEx plugin for Nous AI agent metrics.
To use this plugin, add {:prom_ex, "~> 1.11"} and {:plug, "~> 1.18"} to your dependencies.

      


      
        Summary


  
    Functions
  


    
      
        event_metrics(opts)

      


    





      


      
        Functions


        


  
    
      
    
    
      event_metrics(opts)



        
          
        

    

  


  


  


        

      


  

    
Nous.Providers.Gemini 
    



      
Google Gemini provider implementation.
Supports Gemini models via the Google AI Generative Language API.
Usage
# Basic usage
{:ok, response} = Nous.Providers.Gemini.chat(%{
  model: "gemini-2.0-flash-exp",
  contents: [%{"role" => "user", "parts" => [%{"text" => "Hello"}]}]
})

# With system instruction
{:ok, response} = Nous.Providers.Gemini.chat(%{
  model: "gemini-2.0-flash-exp",
  systemInstruction: %{"parts" => [%{"text" => "You are helpful."}]},
  contents: [%{"role" => "user", "parts" => [%{"text" => "Hello"}]}],
  generationConfig: %{"temperature" => 0.7, "maxOutputTokens" => 1024}
})

# Streaming
{:ok, stream} = Nous.Providers.Gemini.chat_stream(params)
Enum.each(stream, fn event -> IO.inspect(event) end)
Configuration
# In config.exs
config :nous, :gemini,
  api_key: "AIza...",
  base_url: "https://generativelanguage.googleapis.com/v1beta"  # optional
Note on Authentication
Unlike OpenAI/Anthropic which use headers, Gemini uses query parameter auth:
?key=API_KEY

      


      
        Summary


  
    Functions
  


    
      
        api_key(opts \\ [])

      


        Get the API key from options, environment, or application config.



    


    
      
        base_url(opts \\ [])

      


        Get the base URL from options, application config, or default.



    


    
      
        count_tokens(messages)

      


        Count tokens in messages (rough estimate).



    


    
      
        request(model, messages, settings)

      


        High-level request with message conversion, telemetry, and error wrapping.



    


    
      
        request_stream(model, messages, settings)

      


        High-level streaming request with message conversion and telemetry.



    





      


      
        Functions


        


    

  
    
      
    
    
      api_key(opts \\ [])



        
          
        

    

  


  

      

          @spec api_key(keyword()) :: String.t() | nil


      


Get the API key from options, environment, or application config.
Lookup order:
	:api_key option passed directly
	Environment variable (GOOGLE_AI_API_KEY)
	Application config: config :nous, gemini, api_key: "..."


  



    

  
    
      
    
    
      base_url(opts \\ [])



        
          
        

    

  


  

      

          @spec base_url(keyword()) :: String.t()


      


Get the base URL from options, application config, or default.
Lookup order:
	:base_url option passed directly
	Application config: config :nous, gemini, base_url: "..."
	Default: https://generativelanguage.googleapis.com/v1beta


  



  
    
      
    
    
      count_tokens(messages)



        
          
        

    

  


  

      

          @spec count_tokens(list()) :: integer()


      


Count tokens in messages (rough estimate).
Override this in your provider for more accurate counting.

  



  
    
      
    
    
      request(model, messages, settings)



        
          
        

    

  


  

High-level request with message conversion, telemetry, and error wrapping.
Default implementation that:
	Converts messages to provider format
	Builds request params
	Calls chat/2
	Parses response
	Emits telemetry events
	Wraps errors


  



  
    
      
    
    
      request_stream(model, messages, settings)



        
          
        

    

  


  

High-level streaming request with message conversion and telemetry.

  


        

      


  

    
Nous.Providers.Mistral 
    



      
Mistral AI provider implementation.
Uses the OpenAI-compatible API with Mistral-specific extensions:
	reasoning_mode - Enable reasoning mode for complex tasks
	prediction_mode - Enable prediction mode
	safe_prompt - Enable safe prompt filtering

Configuration
Set your API key via environment variable:
export MISTRAL_API_KEY="your-mistral-api-key-here"
Or in config:
config :nous, :mistral,
  api_key: "your-mistral-api-key-here"
Usage
# Via Model.parse
model = Nous.Model.parse("mistral:mistral-large-latest")

# Direct provider usage
{:ok, response} = Nous.Providers.Mistral.chat(%{
  "model" => "mistral-large-latest",
  "messages" => [%{"role" => "user", "content" => "Hello"}]
})

# With reasoning mode
{:ok, response} = Nous.Providers.Mistral.chat(%{
  "model" => "mistral-large-latest",
  "messages" => messages,
  "reasoning_mode" => true
})

      


      
        Summary


  
    Functions
  


    
      
        api_key(opts \\ [])

      


        Get the API key from options, environment, or application config.



    


    
      
        base_url(opts \\ [])

      


        Get the base URL from options, application config, or default.



    


    
      
        count_tokens(messages)

      


        Count tokens in messages (rough estimate).



    


    
      
        request(model, messages, settings)

      


        High-level request with message conversion, telemetry, and error wrapping.



    


    
      
        request_stream(model, messages, settings)

      


        High-level streaming request with message conversion and telemetry.



    





      


      
        Functions


        


    

  
    
      
    
    
      api_key(opts \\ [])



        
          
        

    

  


  

      

          @spec api_key(keyword()) :: String.t() | nil


      


Get the API key from options, environment, or application config.
Lookup order:
	:api_key option passed directly
	Environment variable (MISTRAL_API_KEY)
	Application config: config :nous, mistral, api_key: "..."


  



    

  
    
      
    
    
      base_url(opts \\ [])



        
          
        

    

  


  

      

          @spec base_url(keyword()) :: String.t()


      


Get the base URL from options, application config, or default.
Lookup order:
	:base_url option passed directly
	Application config: config :nous, mistral, base_url: "..."
	Default: https://api.mistral.ai/v1


  



  
    
      
    
    
      count_tokens(messages)



        
          
        

    

  


  

      

          @spec count_tokens(list()) :: integer()


      


Count tokens in messages (rough estimate).
Override this in your provider for more accurate counting.

  



  
    
      
    
    
      request(model, messages, settings)



        
          
        

    

  


  

High-level request with message conversion, telemetry, and error wrapping.
Default implementation that:
	Converts messages to provider format
	Builds request params
	Calls chat/2
	Parses response
	Emits telemetry events
	Wraps errors


  



  
    
      
    
    
      request_stream(model, messages, settings)



        
          
        

    

  


  

High-level streaming request with message conversion and telemetry.

  


        

      


  

    
Nous.Providers.SGLang 
    



      
SGLang provider implementation.
SGLang (Structured Generation Language) is a framework for efficient
LLM serving with an OpenAI-compatible API. By default it runs on
http://localhost:30000/v1.
Configuration
No API key is required for local usage. Configure the base URL if needed:
config :nous, :sglang,
  base_url: "http://localhost:30000/v1"
Or use environment variable:
export SGLANG_BASE_URL="http://localhost:30000/v1"
Usage
# Via Model.parse
model = Nous.Model.parse("sglang:meta-llama/Llama-3-8B-Instruct")

# Direct provider usage
{:ok, response} = Nous.Providers.SGLang.chat(%{
  "model" => "meta-llama/Llama-3-8B-Instruct",
  "messages" => [%{"role" => "user", "content" => "Hello"}]
})
Features
SGLang supports:
	OpenAI-compatible chat completions
	Streaming responses
	RadixAttention for KV cache reuse
	Constrained decoding (JSON, regex)
	Speculative decoding
	Multi-modal inputs

SGLang-Specific Parameters
Additional parameters supported (pass in params map):
	regex - Constrain output to match a regex pattern
	json_schema - Constrain output to match a JSON schema


      


      
        Summary


  
    Functions
  


    
      
        api_key(opts \\ [])

      


        Get the API key from options, environment, or application config.



    


    
      
        base_url(opts \\ [])

      


        Get the base URL from options, application config, or default.



    


    
      
        count_tokens(messages)

      


        Count tokens in messages (rough estimate).



    


    
      
        request(model, messages, settings)

      


        High-level request with message conversion, telemetry, and error wrapping.



    


    
      
        request_stream(model, messages, settings)

      


        High-level streaming request with message conversion and telemetry.



    





      


      
        Functions


        


    

  
    
      
    
    
      api_key(opts \\ [])



        
          
        

    

  


  

      

          @spec api_key(keyword()) :: String.t() | nil


      


Get the API key from options, environment, or application config.
Lookup order:
	:api_key option passed directly
	Environment variable (SGLANG_API_KEY)
	Application config: config :nous, sglang, api_key: "..."


  



    

  
    
      
    
    
      base_url(opts \\ [])



        
          
        

    

  


  

      

          @spec base_url(keyword()) :: String.t()


      


Get the base URL from options, application config, or default.
Lookup order:
	:base_url option passed directly
	Application config: config :nous, sglang, base_url: "..."
	Default: http://localhost:30000/v1


  



  
    
      
    
    
      count_tokens(messages)



        
          
        

    

  


  

      

          @spec count_tokens(list()) :: integer()


      


Count tokens in messages (rough estimate).
Override this in your provider for more accurate counting.

  



  
    
      
    
    
      request(model, messages, settings)



        
          
        

    

  


  

High-level request with message conversion, telemetry, and error wrapping.
Default implementation that:
	Converts messages to provider format
	Builds request params
	Calls chat/2
	Parses response
	Emits telemetry events
	Wraps errors


  



  
    
      
    
    
      request_stream(model, messages, settings)



        
          
        

    

  


  

High-level streaming request with message conversion and telemetry.

  


        

      


  

    
Nous.Providers.VLLM 
    



      
vLLM provider implementation.
vLLM is a high-performance inference engine that provides an
OpenAI-compatible API. By default it runs on http://localhost:8000/v1.
Configuration
No API key is required for local usage. Configure the base URL if needed:
config :nous, :vllm,
  base_url: "http://localhost:8000/v1"
Or use environment variable:
export VLLM_BASE_URL="http://localhost:8000/v1"
Usage
# Via Model.parse
model = Nous.Model.parse("vllm:meta-llama/Llama-3-8B-Instruct")

# Direct provider usage
{:ok, response} = Nous.Providers.VLLM.chat(%{
  "model" => "meta-llama/Llama-3-8B-Instruct",
  "messages" => [%{"role" => "user", "content" => "Hello"}]
})
Features
vLLM supports:
	OpenAI-compatible chat completions
	Streaming responses
	High-throughput batched inference
	PagedAttention for memory efficiency
	Tensor parallelism for multi-GPU

vLLM-Specific Parameters
Additional parameters supported (pass in params map):
	best_of - Number of outputs to generate and return the best
	use_beam_search - Use beam search instead of sampling
	ignore_eos - Ignore end-of-sequence token
	skip_special_tokens - Skip special tokens in output


      


      
        Summary


  
    Functions
  


    
      
        api_key(opts \\ [])

      


        Get the API key from options, environment, or application config.



    


    
      
        base_url(opts \\ [])

      


        Get the base URL from options, application config, or default.



    


    
      
        count_tokens(messages)

      


        Count tokens in messages (rough estimate).



    


    
      
        request(model, messages, settings)

      


        High-level request with message conversion, telemetry, and error wrapping.



    


    
      
        request_stream(model, messages, settings)

      


        High-level streaming request with message conversion and telemetry.



    





      


      
        Functions


        


    

  
    
      
    
    
      api_key(opts \\ [])



        
          
        

    

  


  

      

          @spec api_key(keyword()) :: String.t() | nil


      


Get the API key from options, environment, or application config.
Lookup order:
	:api_key option passed directly
	Environment variable (VLLM_API_KEY)
	Application config: config :nous, vllm, api_key: "..."


  



    

  
    
      
    
    
      base_url(opts \\ [])



        
          
        

    

  


  

      

          @spec base_url(keyword()) :: String.t()


      


Get the base URL from options, application config, or default.
Lookup order:
	:base_url option passed directly
	Application config: config :nous, vllm, base_url: "..."
	Default: http://localhost:8000/v1


  



  
    
      
    
    
      count_tokens(messages)



        
          
        

    

  


  

      

          @spec count_tokens(list()) :: integer()


      


Count tokens in messages (rough estimate).
Override this in your provider for more accurate counting.

  



  
    
      
    
    
      request(model, messages, settings)



        
          
        

    

  


  

High-level request with message conversion, telemetry, and error wrapping.
Default implementation that:
	Converts messages to provider format
	Builds request params
	Calls chat/2
	Parses response
	Emits telemetry events
	Wraps errors


  



  
    
      
    
    
      request_stream(model, messages, settings)



        
          
        

    

  


  

High-level streaming request with message conversion and telemetry.

  


        

      


  

    
Nous.RunContext 
    



      
Context passed to tools and dynamic prompts during agent execution.
The RunContext provides access to:
	Dependencies (deps) - User-provided data like database connections
	Retry count - Number of times this tool has been retried
	Usage information - Token and request counts so far

Example with Tool
defmodule MyTools do
  def search_database(ctx, query) do
    # Access database from dependencies
    ctx.deps.database
    |> Database.search(query)
    |> format_results()
  end
end

# Pass deps when running agent
deps = %{database: MyApp.Database}
{:ok, result} = Agent.run(agent, "Search for users", deps: deps)

      


      
        Summary


  
    Types
  


    
      
        t()

      


    


    
      
        t(deps)

      


    





  
    Functions
  


    
      
        new(deps, opts \\ [])

      


        Create a new run context with dependencies.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: t(any())


      



  



  
    
      
    
    
      t(deps)



        
          
        

    

  


  

      

          @type t(deps) :: %Nous.RunContext{
  deps: deps,
  retry: non_neg_integer(),
  usage: Nous.Usage.t()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(deps, opts \\ [])



        
          
        

    

  


  

      

          @spec new(deps :: any(), opts :: keyword()) :: t(any())


      


Create a new run context with dependencies.
Options
	:retry - Current retry count (default: 0)
	:usage - Current usage information (default: empty Usage)

Example
deps = %{database: MyApp.Database, api_key: "secret"}
ctx = RunContext.new(deps)
# Access in tools: ctx.deps.database

  


        

      


  

    
Nous.StreamNormalizer behaviour
    



      
Behaviour for stream chunk normalization.
Implementations transform provider-specific stream chunks into
normalized Nous stream events:
	{:text_delta, text} - Incremental text content
	{:thinking_delta, text} - Incremental reasoning/thinking content
	{:tool_call_delta, tool_calls} - Tool call information
	{:finish, reason} - Stream completion signal
	{:unknown, chunk} - Unrecognized chunk (filtered by default)

Default Implementation
Most OpenAI-compatible providers work with the default implementation:
Nous.StreamNormalizer.OpenAI
Custom Implementation
For providers with unique formats, implement this behaviour:
defmodule MyApp.CustomNormalizer do
  @behaviour Nous.StreamNormalizer

  @impl true
  def normalize_chunk(chunk) do
    # Your custom logic
    [{:text_delta, chunk["custom_field"]}]
  end

  @impl true
  def complete_response?(chunk), do: false

  @impl true
  def convert_complete_response(_chunk), do: []
end
Then configure it on the model:
Nous.new("openai_compatible:custom-model",
  base_url: "http://custom-server/v1",
  stream_normalizer: MyApp.CustomNormalizer
)

      


      
        Summary


  
    Callbacks
  


    
      
        complete_response?(chunk)

      


        Check if the chunk is a complete (non-streaming) response.



    


    
      
        convert_complete_response(chunk)

      


        Convert a complete response into stream events.



    


    
      
        normalize_chunk(chunk)

      


        Normalize a single chunk into a list of stream events.



    





  
    Functions
  


    
      
        normalize(stream, normalizer_mod \\ __MODULE__.OpenAI)

      


        Normalize a stream using the specified normalizer module.



    





      


      
        Callbacks


        


  
    
      
    
    
      complete_response?(chunk)



        
          
        

    

  


  

      

          @callback complete_response?(chunk :: map()) :: boolean()


      


Check if the chunk is a complete (non-streaming) response.
Some servers return full responses instead of deltas when
streaming fails or is disabled.

  



  
    
      
    
    
      convert_complete_response(chunk)



        
          
        

    

  


  

      

          @callback convert_complete_response(chunk :: map()) :: [Nous.Types.stream_event()]


      


Convert a complete response into stream events.
Called when complete_response?/1 returns true.
Should return events like:
[{:text_delta, content}, {:finish, "stop"}]

  



  
    
      
    
    
      normalize_chunk(chunk)



        
          
        

    

  


  

      

          @callback normalize_chunk(chunk :: map()) :: [Nous.Types.stream_event()]


      


Normalize a single chunk into a list of stream events.
Returns a list because some chunks (like complete responses)
may need to emit multiple events.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      normalize(stream, normalizer_mod \\ __MODULE__.OpenAI)



        
          
        

    

  


  

Normalize a stream using the specified normalizer module.
Applies normalization and filters out {:unknown, _} events.

  


        

      


  

    
Nous.StreamNormalizer.Mistral 
    



      
Stream normalizer for Mistral API.
Handles Mistral's SSE format with string-keyed JSON maps.
Also handles the pre-parsed {:finish, "stop"} tuple from SSE [DONE] events.
Format
Mistral streaming chunks arrive as:
	Parsed JSON maps with string keys
	{:finish, "stop"} tuple for stream completion


      




  

    
Nous.StreamNormalizer.OpenAI 
    



      
Default stream normalizer for OpenAI-compatible providers.
Handles:
	OpenAI, Groq, OpenRouter (via OpenaiEx structs with atom keys)
	LM Studio, vLLM, SGLang, Ollama (string-keyed maps)
	Non-streaming fallback (message instead of delta)
	Thinking/reasoning tokens (vLLM: reasoning, DeepSeek/SGLang: reasoning_content)

Supported Providers
	Provider	Format	Notes
	OpenAI	Atom keys	Via OpenaiEx structs
	Groq	Atom keys	Via OpenaiEx structs
	OpenRouter	Atom keys	Via OpenaiEx structs
	LM Studio	String keys	May return message instead of delta
	vLLM	String keys	SSE format, reasoning field
	SGLang	String keys	SSE format, reasoning_content field
	Ollama	String keys	OpenAI-compatible endpoint
	DeepSeek	String keys	reasoning_content field


      




  

    
Nous.Tools.BraveSearch 
    



      
Built-in tool for web search using Brave Search API.
Brave Search provides high-quality web search results with privacy focus.
Setup
You need a Brave Search API key to use this tool:
	Get your API key from https://brave.com/search/api/

	Set the environment variable:
 export BRAVE_API_KEY="your-api-key-here"


Or configure in your application:
config :nous,
  brave_api_key: System.get_env("BRAVE_API_KEY")
Rate Limits
	Free Plan: 1 query/second, up to 2,000 queries/month
	Base AI Plan: Up to 20 queries/second, 20M queries/month
	Pro AI Plan: Up to 50 queries/second, unlimited monthly queries

Usage
agent = Nous.new("lmstudio:qwen3-vl-4b-thinking-mlx",
  tools: [&BraveSearch.web_search/2]
)

{:ok, result} = Nous.run(agent, "What's the latest news about AI?")
The AI will automatically search the web when it needs current information.

      


      
        Summary


  
    Functions
  


    
      
        news_search(ctx, args)

      


        Search for news using Brave Search API.



    


    
      
        web_search(ctx, args)

      


        Search the web using Brave Search API.



    





      


      
        Functions


        


  
    
      
    
    
      news_search(ctx, args)



        
          
        

    

  


  

Search for news using Brave Search API.
Arguments
	query: The search query (required)
	count: Number of results to return (default: 5, max: 20)
	country: Country code for localized results
	search_lang: Language of search


  



  
    
      
    
    
      web_search(ctx, args)



        
          
        

    

  


  

Search the web using Brave Search API.
Arguments
	query: The search query (required)
	count: Number of results to return (default: 5, max: 20)
	country: Country code for localized results (e.g., "US", "GB", "DE")
	search_lang: Language of search (e.g., "en", "es", "fr")
	safesearch: "off", "moderate", or "strict" (default: "moderate")

Returns
A map containing:
	query: The search query used
	results: List of search results with title, url, description
	result_count: Number of results returned
	success: Whether the search succeeded


  


        

      


  

    
Nous.Tools.DateTimeTools 
    



      
Built-in tools for date and time operations.
These tools provide common date/time functionality that AI agents often need:
	Get current date/time in various formats
	Parse and format dates
	Calculate date differences
	Check business days and weekends
	Timezone conversions

Usage
agent = Nous.new("lmstudio:qwen3-vl-4b-thinking-mlx",
  tools: [
    &DateTimeTools.current_date/2,
    &DateTimeTools.current_time/2,
    &DateTimeTools.current_datetime/2
  ]
)

{:ok, result} = Nous.run(agent, "What day is today?")

      


      
        Summary


  
    Functions
  


    
      
        add_days(ctx, args)

      


        Add or subtract days from a date.



    


    
      
        current_date(ctx, args)

      


        Get the current date in the specified format.



    


    
      
        current_datetime(ctx, args)

      


        Get the current date and time together.



    


    
      
        current_month(ctx, args)

      


        Get information about the current month.



    


    
      
        current_time(ctx, args)

      


        Get the current time in the specified format.



    


    
      
        current_week(ctx, args)

      


        Get the start and end of the current week.



    


    
      
        date_difference(ctx, args)

      


        Calculate the difference between two dates.



    


    
      
        day_of_week(ctx, args)

      


        Get the day of the week for a given date.



    


    
      
        is_weekend(ctx, args)

      


        Check if a date is a weekend.



    


    
      
        parse_date(ctx, args)

      


        Parse a human-readable date string.



    





      


      
        Functions


        


  
    
      
    
    
      add_days(ctx, args)



        
          
        

    

  


  

Add or subtract days from a date.
Arguments
	date: Date in ISO8601 format (YYYY-MM-DD), defaults to today
	days: Number of days to add (positive) or subtract (negative)


  



  
    
      
    
    
      current_date(ctx, args)



        
          
        

    

  


  

Get the current date in the specified format.
Arguments
	format: "iso8601" (default), "us" (MM/DD/YYYY), "eu" (DD/MM/YYYY), "full" (Monday, January 1, 2025)
	timezone: Optional timezone (e.g., "America/New_York", "Europe/London", "UTC")


  



  
    
      
    
    
      current_datetime(ctx, args)



        
          
        

    

  


  

Get the current date and time together.
Arguments
	format: "iso8601" (default), "rfc3339", "unix", "human"
	timezone: Optional timezone


  



  
    
      
    
    
      current_month(ctx, args)



        
          
        

    

  


  

Get information about the current month.
Arguments
	timezone: Optional timezone


  



  
    
      
    
    
      current_time(ctx, args)



        
          
        

    

  


  

Get the current time in the specified format.
Arguments
	format: "24h" (default, HH:MM:SS), "12h" (hh:MM:SS AM/PM), "short" (HH:MM)
	timezone: Optional timezone


  



  
    
      
    
    
      current_week(ctx, args)



        
          
        

    

  


  

Get the start and end of the current week.
Arguments
	timezone: Optional timezone
	week_start: Day to consider start of week (1=Monday default, 7=Sunday)


  



  
    
      
    
    
      date_difference(ctx, args)



        
          
        

    

  


  

Calculate the difference between two dates.
Arguments
	date1: First date in ISO8601 format (YYYY-MM-DD)
	date2: Second date in ISO8601 format (YYYY-MM-DD)
	unit: "days" (default), "weeks", "months", "years"


  



  
    
      
    
    
      day_of_week(ctx, args)



        
          
        

    

  


  

Get the day of the week for a given date.
Arguments
	date: Date in ISO8601 format (YYYY-MM-DD), defaults to today


  



  
    
      
    
    
      is_weekend(ctx, args)



        
          
        

    

  


  

Check if a date is a weekend.
Arguments
	date: Date in ISO8601 format (YYYY-MM-DD), defaults to today


  



  
    
      
    
    
      parse_date(ctx, args)



        
          
        

    

  


  

Parse a human-readable date string.
Arguments
	date_string: Date in various formats (ISO8601, MM/DD/YYYY, DD/MM/YYYY, etc.)
	format: Expected format hint ("iso8601", "us", "eu")


  


        

      


  

    
Nous.Tools.ReActTools 
    



      
Built-in tools for ReAct (Reasoning and Acting) agents.
These tools provide structured planning, note-taking, todo management,
and explicit task completion for ReAct agents.
Tools Included
	plan/2 - Create structured plan with facts survey
	note/2 - Record observations and insights
	add_todo/2 - Add item to todo list
	complete_todo/2 - Mark todo as complete
	list_todos/2 - View current todos
	final_answer/2 - Provide final answer (signals completion)

Usage
agent = ReActAgent.new("lmstudio:qwen3-vl-4b-thinking-mlx",
  instructions: "Solve complex problems step by step"
)
The agent will automatically have access to all ReAct tools.

      


      
        Summary


  
    Functions
  


    
      
        add_todo(ctx, args)

      


        Add a task to the todo list.



    


    
      
        complete_todo(ctx, args)

      


        Mark a todo item as complete.



    


    
      
        final_answer(ctx, map)

      


        Provide the final answer to complete the task.



    


    
      
        list_todos(ctx, args \\ %{})

      


        List all current todos with their status.



    


    
      
        note(ctx, map)

      


        Record an observation or insight during the reasoning process.



    


    
      
        plan(ctx, args)

      


        Create a structured plan for solving a task.



    





      


      
        Functions


        


  
    
      
    
    
      add_todo(ctx, args)



        
          
        

    

  


  

Add a task to the todo list.
Use this to break down complex problems into manageable subtasks.
Track what needs to be done and maintain focus.
Arguments
	item - Description of the todo item (string)
	priority - Optional priority: "high", "medium", "low" (default: "medium")

Returns
Confirmation with current todo count.

  



  
    
      
    
    
      complete_todo(ctx, args)



        
          
        

    

  


  

Mark a todo item as complete.
Arguments
	id - The todo ID to complete (integer)

OR
	item - Description matching the todo item (string)

Returns
Confirmation message.

  



  
    
      
    
    
      final_answer(ctx, map)



        
          
        

    

  


  

Provide the final answer to complete the task.
This tool MUST be called to signal task completion.
The agent should only use this after gathering all necessary
information and solving the problem.
Arguments
	answer - The final answer or solution (string)

Returns
The final answer wrapped with completion metadata.

  



    

  
    
      
    
    
      list_todos(ctx, args \\ %{})



        
          
        

    

  


  

List all current todos with their status.
Shows pending and completed tasks to help track progress.
Returns
Formatted list of todos.

  



  
    
      
    
    
      note(ctx, map)



        
          
        

    

  


  

Record an observation or insight during the reasoning process.
Use this to document important findings, intermediate results,
or thoughts that will inform future actions.
Arguments
	content - The note content (string)

Returns
Confirmation message.

  



  
    
      
    
    
      plan(ctx, args)



        
          
        

    

  


  

Create a structured plan for solving a task.
Helps the agent organize its approach by identifying:
	Known facts
	Facts to look up
	Facts to derive/calculate
	Step-by-step action plan

Arguments
	task - The task or problem to plan for (string)
	Can also be called with no arguments to plan the current conversation

Returns
A confirmation message. The plan is stored in context for reference.

  


        

      


  

    
Nous.Tools.StringTools 
    



      
Built-in tools for string manipulation operations.
These tools provide common string functionality that AI agents often need:
	Text transformation (uppercase, lowercase, capitalize)
	String analysis (length, count occurrences)
	String operations (replace, split, join, trim)
	Pattern matching and extraction
	String validation

Usage
agent = Nous.new("lmstudio:qwen3-vl-4b-thinking-mlx",
  tools: [
    &StringTools.string_length/2,
    &StringTools.replace_text/2,
    &StringTools.split_text/2
  ]
)

{:ok, result} = Nous.run(agent, "How many characters in 'Hello World'?")

      


      
        Summary


  
    Functions
  


    
      
        capitalize_text(ctx, args)

      


        Capitalize the first letter of each word.



    


    
      
        contains(ctx, args)

      


        Check if a string contains a substring.



    


    
      
        count_occurrences(ctx, args)

      


        Count occurrences of a substring in a string.



    


    
      
        ends_with(ctx, args)

      


        Check if a string ends with a suffix.



    


    
      
        extract_numbers(ctx, args)

      


        Extract numbers from a string.



    


    
      
        extract_words(ctx, args)

      


        Extract words from a string.



    


    
      
        is_palindrome(ctx, args)

      


        Check if a string is a palindrome.



    


    
      
        join_text(ctx, args)

      


        Join a list of strings with a delimiter.



    


    
      
        pad_text(ctx, args)

      


        Pad a string to a specific length.



    


    
      
        repeat_text(ctx, args)

      


        Repeat a string N times.



    


    
      
        replace_text(ctx, args)

      


        Replace all occurrences of a pattern in a string.



    


    
      
        reverse_text(ctx, args)

      


        Reverse a string.



    


    
      
        split_text(ctx, args)

      


        Split a string into parts based on a delimiter.



    


    
      
        starts_with(ctx, args)

      


        Check if a string starts with a prefix.



    


    
      
        string_length(ctx, args)

      


        Get the length of a string.



    


    
      
        substring(ctx, args)

      


        Extract a substring from a string.



    


    
      
        to_lowercase(ctx, args)

      


        Convert text to lowercase.



    


    
      
        to_uppercase(ctx, args)

      


        Convert text to uppercase.



    


    
      
        trim_text(ctx, args)

      


        Trim whitespace from a string.
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      capitalize_text(ctx, args)



        
          
        

    

  


  

Capitalize the first letter of each word.
Arguments
	text: The text to capitalize
	mode: "first" (first letter only), "words" (each word), "sentences" (each sentence)


  



  
    
      
    
    
      contains(ctx, args)



        
          
        

    

  


  

Check if a string contains a substring.
Arguments
	text: The text to search in
	pattern: The pattern to search for
	case_sensitive: Whether to match case (default: true)


  



  
    
      
    
    
      count_occurrences(ctx, args)



        
          
        

    

  


  

Count occurrences of a substring in a string.
Arguments
	text: The text to search in
	pattern: The pattern to count
	case_sensitive: Whether to match case (default: true)


  



  
    
      
    
    
      ends_with(ctx, args)



        
          
        

    

  


  

Check if a string ends with a suffix.
Arguments
	text: The text to check
	suffix: The suffix to check for
	case_sensitive: Whether to match case (default: true)


  



  
    
      
    
    
      extract_numbers(ctx, args)



        
          
        

    

  


  

Extract numbers from a string.
Arguments
	text: The text to extract numbers from


  



  
    
      
    
    
      extract_words(ctx, args)



        
          
        

    

  


  

Extract words from a string.
Arguments
	text: The text to extract words from
	min_length: Minimum word length (default: 1)


  



  
    
      
    
    
      is_palindrome(ctx, args)



        
          
        

    

  


  

Check if a string is a palindrome.
Arguments
	text: The text to check
	ignore_case: Whether to ignore case (default: true)
	ignore_spaces: Whether to ignore spaces (default: true)


  



  
    
      
    
    
      join_text(ctx, args)



        
          
        

    

  


  

Join a list of strings with a delimiter.
Arguments
	parts: List of strings to join (comma-separated string)
	delimiter: The delimiter to use (default: " ")


  



  
    
      
    
    
      pad_text(ctx, args)



        
          
        

    

  


  

Pad a string to a specific length.
Arguments
	text: The text to pad
	length: Target length
	padding: Character to pad with (default: " ")
	side: "left", "right", or "both" (default: "right")


  



  
    
      
    
    
      repeat_text(ctx, args)



        
          
        

    

  


  

Repeat a string N times.
Arguments
	text: The text to repeat
	times: Number of times to repeat (max 100)


  



  
    
      
    
    
      replace_text(ctx, args)



        
          
        

    

  


  

Replace all occurrences of a pattern in a string.
Arguments
	text: The original text
	pattern: The text to find
	replacement: The text to replace with
	case_sensitive: Whether to match case (default: true)


  



  
    
      
    
    
      reverse_text(ctx, args)



        
          
        

    

  


  

Reverse a string.
Arguments
	text: The text to reverse


  



  
    
      
    
    
      split_text(ctx, args)



        
          
        

    

  


  

Split a string into parts based on a delimiter.
Arguments
	text: The text to split
	delimiter: The delimiter to split on (default: " ")
	trim: Whether to trim whitespace from parts (default: false)
	remove_empty: Whether to remove empty strings (default: false)


  



  
    
      
    
    
      starts_with(ctx, args)



        
          
        

    

  


  

Check if a string starts with a prefix.
Arguments
	text: The text to check
	prefix: The prefix to check for
	case_sensitive: Whether to match case (default: true)


  



  
    
      
    
    
      string_length(ctx, args)



        
          
        

    

  


  

Get the length of a string.
Arguments
	text: The string to measure


  



  
    
      
    
    
      substring(ctx, args)



        
          
        

    

  


  

Extract a substring from a string.
Arguments
	text: The original text
	start: Starting position (0-indexed)
	length: Number of characters to extract (optional, extracts to end if not provided)


  



  
    
      
    
    
      to_lowercase(ctx, args)



        
          
        

    

  


  

Convert text to lowercase.
Arguments
	text: The text to convert


  



  
    
      
    
    
      to_uppercase(ctx, args)



        
          
        

    

  


  

Convert text to uppercase.
Arguments
	text: The text to convert


  



  
    
      
    
    
      trim_text(ctx, args)



        
          
        

    

  


  

Trim whitespace from a string.
Arguments
	text: The text to trim
	side: "both" (default), "left", "right"


  


        

      


  

    
Nous.Tools.TodoTools 
    



      
Built-in tools for task tracking and progress management.
TodoTools allows AI agents to break down complex tasks, track progress,
and maintain focus on multi-step operations. Todos are automatically
injected into the system prompt when enable_todos: true.
Setup
Enable todos when creating an agent:
agent = Nous.new("lmstudio:qwen3-vl-4b-thinking-mlx",
  instructions: "You are a helpful assistant",
  enable_todos: true,  # Enable todo tracking
  tools: [
    &TodoTools.add_todo/2,
    &TodoTools.update_todo/2,
    &TodoTools.complete_todo/2,
    &TodoTools.list_todos/2
  ]
)
Initial todos (optional):
{:ok, result} = Nous.run(agent, "Build a REST API",
  deps: %{todos: []}  # Start with empty todo list
)
How It Works
	Todos are stored in ctx.deps.todos
	Tools return __update_context__ to update the todo list
	AgentRunner merges updates back into context
	Before each model request, todos are injected into system prompt
	AI sees current progress and can self-organize

Example
# AI receives complex task
{:ok, r1} = Nous.run(agent, "Analyze codebase and create report")

# AI breaks it down:
# - Calls add_todo("Read all source files")
# - Calls add_todo("Analyze dependencies")
# - Calls add_todo("Write report")

# AI starts working:
# - Calls update_todo(id: 1, status: "in_progress")
# - Reads files...
# - Calls complete_todo(id: 1)

# System prompt automatically shows:
# ✅ Completed (1): Read all source files
# ⏳ In Progress (0):
# 📝 Pending (2): Analyze dependencies, Write report

      


      
        Summary


  
    Functions
  


    
      
        add_todo(ctx, args)

      


        Add a new todo item.



    


    
      
        complete_todo(ctx, args)

      


        Mark a todo as completed.



    


    
      
        delete_todo(ctx, args)

      


        Delete a todo item.



    


    
      
        list_todos(ctx, args)

      


        List all todos with optional filtering.



    


    
      
        update_todo(ctx, args)

      


        Update an existing todo item.
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      add_todo(ctx, args)



        
          
        

    

  


  

Add a new todo item.
Arguments
	text: The todo description (required)
	status: Initial status - "pending", "in_progress", or "completed" (default: "pending")
	priority: Priority level - "low", "medium", "high" (default: "medium")

Returns
	success: true/false
	todo: The created todo item
	todos: Updated full todo list
	update_context: Context updates for AgentRunner


  



  
    
      
    
    
      complete_todo(ctx, args)



        
          
        

    

  


  

Mark a todo as completed.
Arguments
	id: Todo ID (required)

Returns
	success: true/false
	todo: The completed todo item
	todos: Updated full todo list
	update_context: Context updates for AgentRunner


  



  
    
      
    
    
      delete_todo(ctx, args)



        
          
        

    

  


  

Delete a todo item.
Arguments
	id: Todo ID (required)

Returns
	success: true/false
	todos: Updated full todo list
	update_context: Context updates for AgentRunner


  



  
    
      
    
    
      list_todos(ctx, args)



        
          
        

    

  


  

List all todos with optional filtering.
Arguments
	status: Filter by status - "pending", "in_progress", "completed" (optional)
	priority: Filter by priority - "low", "medium", "high" (optional)

Returns
	success: true
	todos: Filtered todo list
	total: Total number of todos
	by_status: Count by status


  



  
    
      
    
    
      update_todo(ctx, args)



        
          
        

    

  


  

Update an existing todo item.
Arguments
	id: Todo ID (required)
	text: New text (optional)
	status: New status - "pending", "in_progress", "completed" (optional)
	priority: New priority - "low", "medium", "high" (optional)

Returns
	success: true/false
	todo: The updated todo item
	todos: Updated full todo list
	update_context: Context updates for AgentRunner


  


        

      


  

    
Nous 
    



      
AI agent framework for Elixir with multi-provider LLM support.
Nous brings the power of AI agents to Elixir with:
	Model-agnostic API (OpenAI, Groq, Ollama, LM Studio, etc.)
	Simple tool definitions
	Structured outputs with Ecto validation
	Streaming support
	Built-in observability

Quick Start
# Create an agent
agent = Nous.new("openai:gpt-4",
  instructions: "Be helpful and concise"
)

# Run it
{:ok, result} = Nous.run(agent, "What is 2+2?")
IO.puts(result.output) # "4"
With Tools
defmodule MyTools do
  @doc "Calculate mathematical expressions"
  def calculate(_ctx, expression) do
    # Your calculation logic
    "Result: #{expression}"
  end
end

agent = Nous.new("groq:llama-3.1-70b-versatile",
  instructions: "Help with calculations",
  tools: [&MyTools.calculate/2]
)

{:ok, result} = Nous.run(agent, "What is 25 * 4?")
Local Models
# Use LM Studio (free, local, private)
agent = Nous.new("lmstudio:qwen3-vl-4b-thinking-mlx")
{:ok, result} = Nous.run(agent, "Hello!")

# Use Ollama
agent = Nous.new("ollama:llama2")
{:ok, result} = Nous.run(agent, "Hello!")
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    Functions
  


    
      
        generate_text(model, prompt, opts \\ [])

      


        Generate text from a model without creating an agent.



    


    
      
        generate_text!(model, prompt, opts \\ [])

      


        Generate text from a model, raising on error.



    


    
      
        new(model_string, opts \\ [])

      


        Create a new agent (shorthand for Agent.new/2).



    


    
      
        run(agent, prompt, opts \\ [])

      


        Run an agent with a prompt (shorthand for Agent.run/3).



    


    
      
        run_stream(agent, prompt, opts \\ [])

      


        Run an agent with streaming (shorthand for Agent.run_stream/3).



    


    
      
        stream_text(model, prompt, opts \\ [])

      


        Stream text from a model.
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      generate_text(model, prompt, opts \\ [])



        
          
        

    

  


  

      

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


      


Generate text from a model without creating an agent.
This is a simpler API for text generation. Supports tools - if the model
calls a tool, it will be executed and the conversation continues until
the model returns a text response.
Examples
{:ok, text} = Nous.generate_text("openai:gpt-4", "What is 2+2?")

{:ok, text} = Nous.generate_text("anthropic:claude-haiku-4-5", "Hello",
  system: "You are a pirate",
  temperature: 0.7,
  max_tokens: 500
)

# With tools
weather_tool = Nous.Tool.from_function(&MyTools.get_weather/2,
  name: "get_weather",
  description: "Get weather for a city",
  parameters: %{
    "type" => "object",
    "properties" => %{
      "location" => %{"type" => "string", "description" => "City name"}
    },
    "required" => ["location"]
  }
)

{:ok, text} = Nous.generate_text("openai:gpt-4", "What's the weather in Paris?",
  tools: [weather_tool]
)
Options
	:system - System prompt
	:temperature - Sampling temperature (0.0 to 2.0)
	:max_tokens - Maximum tokens to generate
	:top_p - Nucleus sampling parameter
	:base_url - Override API base URL
	:api_key - Override API key
	:tools - List of tool functions or Nous.Tool structs
	:deps - Dependencies to pass to tool functions


  



    

  
    
      
    
    
      generate_text!(model, prompt, opts \\ [])



        
          
        

    

  


  

      

          @spec generate_text!(String.t(), String.t(), keyword()) :: String.t()


      


Generate text from a model, raising on error.
Example
text = Nous.generate_text!("openai:gpt-4", "What is 2+2?")
IO.puts(text) # "4"

  



    

  
    
      
    
    
      new(model_string, opts \\ [])



        
          
        

    

  


  

      

          @spec new(
  String.t(),
  keyword()
) :: Nous.Agent.t()


      


Create a new agent (shorthand for Agent.new/2).
Examples
# OpenAI
agent = Nous.new("openai:gpt-4")

# Groq (fast inference)
agent = Nous.new("groq:llama-3.1-8b-instant")

# Local LM Studio
agent = Nous.new("lmstudio:qwen3-vl-4b-thinking-mlx")

# With options
agent = Nous.new("openai:gpt-4",
  instructions: "Be helpful",
  tools: [&MyTools.search/2],
  model_settings: %{temperature: 0.7}
)

  



    

  
    
      
    
    
      run(agent, prompt, opts \\ [])



        
          
        

    

  


  

      

          @spec run(Nous.Agent.t(), String.t(), keyword()) :: {:ok, map()} | {:error, term()}


      


Run an agent with a prompt (shorthand for Agent.run/3).
Examples
{:ok, result} = Nous.run(agent, "What is the capital of France?")
IO.puts(result.output)

# With dependencies
{:ok, result} = Nous.run(agent, "Search for users",
  deps: %{database: MyApp.DB}
)

  



    

  
    
      
    
    
      run_stream(agent, prompt, opts \\ [])



        
          
        

    

  


  

      

          @spec run_stream(Nous.Agent.t(), String.t(), keyword()) ::
  {:ok, Enumerable.t()} | {:error, term()}


      


Run an agent with streaming (shorthand for Agent.run_stream/3).
Example
{:ok, stream} = Nous.run_stream(agent, "Tell me a story")

stream
|> Stream.each(fn
  {:text_delta, text} -> IO.write(text)
  {:complete, _} -> IO.puts("\nDone!")
end)
|> Stream.run()

  



    

  
    
      
    
    
      stream_text(model, prompt, opts \\ [])



        
          
        

    

  


  

      

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


      


Stream text from a model.
Returns a stream that yields text chunks as strings.
Example
{:ok, stream} = Nous.stream_text("openai:gpt-4", "Write a haiku")
stream |> Stream.each(&IO.write/1) |> Stream.run()
Options
  Same as generate_text/3.

  


        

      


  

    
Nous.Agent 
    



      
Primary interface for AI agents.
An Agent is a stateless configuration object that defines how to interact
with an AI model. It specifies the model, instructions, tools, and output format.
Example
# Simple agent
agent = Agent.new("openai:gpt-4",
  instructions: "Be helpful and concise"
)

{:ok, result} = Agent.run(agent, "What is 2+2?")
IO.puts(result.output) # "4"

# Agent with tools
agent = Agent.new("groq:llama-3.1-70b-versatile",
  instructions: "Help users find information",
  tools: [&MyTools.search/2]
)

{:ok, result} = Agent.run(agent, "Search for Elixir tutorials",
  deps: %{database: MyApp.DB}
)

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(model_string, opts \\ [])

      


        Create a new agent.



    


    
      
        run(agent, input, opts \\ [])

      


        Run agent synchronously.



    


    
      
        run_stream(agent, prompt, opts \\ [])

      


        Run agent with streaming.



    


    
      
        tool(agent, tool_fun, opts \\ [])

      


        Register a tool with the agent.
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      t()



        
          
        

    

  


  

      

          @type t() :: %Nous.Agent{
  behaviour_module: module() | nil,
  deps_type: module() | nil,
  enable_todos: boolean(),
  end_strategy: :early | :exhaustive,
  instructions: String.t() | function() | nil,
  model: Nous.Model.t(),
  model_settings: map(),
  name: String.t(),
  output_type: Nous.Types.output_type(),
  retries: non_neg_integer(),
  system_prompt: String.t() | function() | nil,
  tools: [Nous.Tool.t()]
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(model_string, opts \\ [])



        
          
        

    

  


  

      

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


      


Create a new agent.
Parameters
	model_string - Model in format "provider:model-name"
	opts - Configuration options

Options
	:output_type - Expected output type (:string or Ecto schema module)
	:instructions - Static instructions or function returning instructions
	:system_prompt - Static system prompt or function
	:deps_type - Module defining dependency structure
	:name - Agent name for logging
	:model_settings - Model settings (temperature, max_tokens, etc.)
	:retries - Default retry count for tools
	:enable_todos - Enable automatic todo tracking (default: false)
	:tools - List of tool functions or Tool structs
	:end_strategy - How to handle tool calls (:early or :exhaustive)
	:behaviour_module - Custom agent behaviour module (default: BasicAgent)

Examples
# OpenAI GPT-4
agent = Agent.new("openai:gpt-4")

# Groq Llama with settings
agent = Agent.new("groq:llama-3.1-70b-versatile",
  instructions: "Be concise",
  model_settings: %{temperature: 0.7, max_tokens: 1000}
)

# Local LM Studio
agent = Agent.new("lmstudio:qwen3-vl-4b-thinking-mlx",
  instructions: "Always answer in rhymes"
)

# With tools
agent = Agent.new("openai:gpt-4",
  tools: [&MyTools.search/2, &MyTools.calculate/2]
)

  



    

  
    
      
    
    
      run(agent, input, opts \\ [])



        
          
        

    

  


  

      

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


      


Run agent synchronously.
Input Formats
The second argument accepts multiple formats:
	String prompt: Simple string message from user
	Keyword list: Use :messages for custom message list, :context to continue from previous run

Options
	:deps - Dependencies to pass to tools and prompts
	:message_history - Previous messages to continue conversation
	:usage_limits - Usage limits for this run
	:model_settings - Override model settings for this run
	:callbacks - Map of callback functions for events
	:notify_pid - PID to receive event messages
	:context - Existing context to continue from

Examples
# String prompt
{:ok, result} = Agent.run(agent, "What is the capital of France?")
IO.puts(result.output) # "Paris"

# With dependencies
{:ok, result} = Agent.run(agent, "Search for users",
  deps: %{database: MyApp.DB}
)

# Message list directly
{:ok, result} = Agent.run(agent,
  messages: [
    Message.system("Be concise"),
    Message.user("What is 2+2?")
  ]
)

# Continue from previous context
{:ok, result1} = Agent.run(agent, "First question")
{:ok, result2} = Agent.run(agent, "Follow up",
  context: result1.context
)

# Continue conversation with message history
{:ok, result2} = Agent.run(agent, "Tell me more",
  message_history: result1.new_messages
)

# With callbacks
{:ok, result} = Agent.run(agent, "Hello",
  callbacks: %{
    on_llm_new_delta: fn _, text -> IO.write(text) end
  }
)
Returns
{:ok, %{
  output: "Result text or structured output",
  usage: %Usage{...},
  all_messages: [...],
  new_messages: [...],
  context: %Context{...}  # Can be used for continuation
}}

{:error, reason}

  



    

  
    
      
    
    
      run_stream(agent, prompt, opts \\ [])



        
          
        

    

  


  

      

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


      


Run agent with streaming.
Returns a stream that yields events as they occur.
Events
	{:text_delta, text} - Incremental text update
	{:tool_call, call} - Tool is being called
	{:tool_result, result} - Tool execution completed
	{:complete, result} - Final result

Example
{:ok, stream} = Agent.run_stream(agent, "Tell me a story")

stream
|> Stream.each(fn
  {:text_delta, text} -> IO.write(text)
  {:complete, result} -> IO.puts("\nDone!")
end)
|> Stream.run()

  



    

  
    
      
    
    
      tool(agent, tool_fun, opts \\ [])



        
          
        

    

  


  

      

          @spec tool(t(), function(), keyword()) :: t()


      


Register a tool with the agent.
Returns a new agent with the tool added.
Options
	:name - Custom tool name (default: function name)
	:description - Custom description
	:retries - Retry count for this tool
	:requires_approval - Whether tool needs human approval

Example
agent = Agent.new("openai:gpt-4")
agent = Agent.tool(agent, &MyTools.search/2,
  description: "Search the database"
)

  


        

      


  

    
Nous.Agent.Behaviour behaviour
    



      
Behaviour for agent implementations.
Defines the interface that different agent types must implement,
allowing for customized execution logic while sharing common infrastructure.
Implementing an Agent
To create a custom agent type, implement this behaviour:
defmodule MyApp.CustomAgent do
  @behaviour Nous.Agent.Behaviour

  @impl true
  def init_context(agent, ctx) do
    # Add custom initialization
    ctx
  end

  @impl true
  def build_messages(agent, ctx) do
    # Build messages for the LLM
    ctx.messages
  end

  @impl true
  def process_response(agent, message, ctx) do
    # Process LLM response, handle tool calls
    Context.add_message(ctx, message)
  end

  @impl true
  def extract_output(agent, ctx) do
    # Extract final output from context
    {:ok, Context.last_message(ctx).content}
  end

  @impl true
  def get_tools(agent) do
    agent.tools
  end
end
Built-in Implementations
	Nous.Agents.BasicAgent - Standard tool-calling agent
	Nous.Agents.ReActAgent - Structured reasoning with plan/note/final_answer

Using with Agent.new
agent = Agent.new("openai:gpt-4",
  behaviour_module: MyApp.CustomAgent,
  tools: [&search/2]
)
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    Callbacks
  


    
      
        after_tool(agent, tool_call, result, ctx)

      


        Called after each tool execution.



    


    
      
        before_request(agent, ctx, request_opts)

      


        Called before each LLM request.



    


    
      
        build_messages(agent, ctx)

      


        Build messages to send to the LLM.



    


    
      
        extract_output(agent, ctx)

      


        Extract the final output from the context.



    


    
      
        get_tools(agent)

      


        Get tools available for this agent run.



    


    
      
        handle_error(agent, error, ctx)

      


        Called when the agent encounters an error.



    


    
      
        init_context(agent, ctx)

      


        Initialize context before execution begins.



    


    
      
        process_response(agent, message, ctx)

      


        Process a response from the LLM.



    





  
    Functions
  


    
      
        call(module, callback, args, default)

      


        Call a behaviour callback, using default if not implemented.



    


    
      
        default_module()

      


        Get the default behaviour module.



    


    
      
        get_module(agent)

      


        Get the behaviour module for an agent.
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      after_tool(agent, tool_call, result, ctx)


        (optional)


        
          
        

    

  


  

      

          @callback after_tool(
  agent :: Nous.Agent.t(),
  tool_call :: map(),
  result :: any(),
  ctx :: Nous.Agent.Context.t()
) :: Nous.Agent.Context.t()


      


Called after each tool execution.
Optional callback for tool result processing.
Parameters
	agent - The agent configuration
	tool_call - The tool call that was executed
	result - The tool result
	ctx - Current context

Returns
Modified context.

  



  
    
      
    
    
      before_request(agent, ctx, request_opts)


        (optional)


        
          
        

    

  


  

      

          @callback before_request(
  agent :: Nous.Agent.t(),
  ctx :: Nous.Agent.Context.t(),
  request_opts :: keyword()
) :: keyword()


      


Called before each LLM request.
Optional callback for request-level customization.
Parameters
	agent - The agent configuration
	ctx - Current context
	request_opts - Options for the LLM request

Returns
Modified request options.

  



  
    
      
    
    
      build_messages(agent, ctx)



        
          
        

    

  


  

      

          @callback build_messages(agent :: Nous.Agent.t(), ctx :: Nous.Agent.Context.t()) :: [
  Nous.Message.t()
]


      


Build messages to send to the LLM.
Called at the start of each iteration. Use this to:
	Add system prompts
	Format messages for the provider
	Include tool schemas

Parameters
	agent - The agent configuration
	ctx - Current context with messages

Returns
List of messages to send to the model.
Example
@impl true
def build_messages(agent, ctx) do
  system_msg = Message.system(agent.instructions)
  [system_msg | ctx.messages]
end

  



  
    
      
    
    
      extract_output(agent, ctx)



        
          
        

    

  


  

      

          @callback extract_output(agent :: Nous.Agent.t(), ctx :: Nous.Agent.Context.t()) ::
  {:ok, any()} | {:error, term()}


      


Extract the final output from the context.
Called after the execution loop completes. Use this to:
	Extract the final answer
	Format structured output
	Validate the result

Parameters
	agent - The agent configuration
	ctx - Final context after execution

Returns
	{:ok, output} - Successfully extracted output
	{:error, reason} - Failed to extract valid output

Example
@impl true
def extract_output(_agent, ctx) do
  case Context.last_message(ctx) do
    %Message{role: :assistant, content: content} ->
      {:ok, content}
    _ ->
      {:error, :no_output}
  end
end

  



  
    
      
    
    
      get_tools(agent)



        
          
        

    

  


  

      

          @callback get_tools(agent :: Nous.Agent.t()) :: [Nous.Tool.t()]


      


Get tools available for this agent run.
Called to determine which tools to advertise to the model.
Implementations may add agent-specific tools (e.g., ReAct tools).
Parameters
	agent - The agent configuration

Returns
List of Tool structs.
Example
@impl true
def get_tools(agent) do
  react_tools = [plan_tool(), note_tool(), final_answer_tool()]
  react_tools ++ agent.tools
end

  



  
    
      
    
    
      handle_error(agent, error, ctx)


        (optional)


        
          
        

    

  


  

      

          @callback handle_error(
  agent :: Nous.Agent.t(),
  error :: term(),
  ctx :: Nous.Agent.Context.t()
) ::
  {:retry, Nous.Agent.Context.t()}
  | {:continue, Nous.Agent.Context.t()}
  | {:error, term()}


      


Called when the agent encounters an error.
Optional callback for custom error handling. Default behavior
is to return the error.
Parameters
	agent - The agent configuration
	error - The error that occurred
	ctx - Current context when error occurred

Returns
	{:retry, ctx} - Retry the current iteration
	{:continue, ctx} - Continue with modified context
	{:error, reason} - Propagate error


  



  
    
      
    
    
      init_context(agent, ctx)


        (optional)


        
          
        

    

  


  

      

          @callback init_context(agent :: Nous.Agent.t(), ctx :: Nous.Agent.Context.t()) ::
  Nous.Agent.Context.t()


      


Initialize context before execution begins.
Called once at the start of Nous.run/3. Use this to:
	Add agent-specific tools (e.g., ReAct tools)
	Set up initial state in deps
	Configure callbacks

Parameters
	agent - The agent configuration
	ctx - Initial context from run options

Returns
Modified context for execution.
Example
@impl true
def init_context(agent, ctx) do
  # Add ReAct-specific tools
  ctx
  |> Context.merge_deps(%{tool_history: []})
end

  



  
    
      
    
    
      process_response(agent, message, ctx)



        
          
        

    

  


  

      

          @callback process_response(
  agent :: Nous.Agent.t(),
  message :: Nous.Message.t(),
  ctx :: Nous.Agent.Context.t()
) :: Nous.Agent.Context.t()


      


Process a response from the LLM.
Called after each model response. Use this to:
	Handle tool calls
	Update context state
	Set needs_response based on whether more work is needed

Parameters
	agent - The agent configuration
	message - The LLM's response message
	ctx - Current context

Returns
Updated context. The runner will check ctx.needs_response to decide
whether to continue the loop.
Example
@impl true
def process_response(agent, message, ctx) do
  ctx = Context.add_message(ctx, message)

  if Message.has_tool_calls?(message) do
    # Execute tools and add results
    execute_tools_and_continue(ctx, message.tool_calls)
  else
    # No tool calls - we're done
    Context.set_needs_response(ctx, false)
  end
end

  


        

      

      
        Functions


        


  
    
      
    
    
      call(module, callback, args, default)



        
          
        

    

  


  

      

          @spec call(module(), atom(), list(), any()) :: any()


      


Call a behaviour callback, using default if not implemented.
Examples
iex> Behaviour.call(MyAgent, :init_context, [agent, ctx], ctx)
# Returns result of MyAgent.init_context(agent, ctx) or ctx if not implemented

  



  
    
      
    
    
      default_module()



        
          
        

    

  


  

      

          @spec default_module() :: module()


      


Get the default behaviour module.
Examples
iex> Behaviour.default_module()
Nous.Agents.BasicAgent

  



  
    
      
    
    
      get_module(agent)



        
          
        

    

  


  

      

          @spec get_module(Nous.Agent.t()) :: module()


      


Get the behaviour module for an agent.
Returns the configured behaviour module, or the default BasicAgent.
Examples
iex> agent = Agent.new("openai:gpt-4")
iex> Behaviour.get_module(agent)
Nous.Agents.BasicAgent

iex> agent = Agent.new("openai:gpt-4", behaviour_module: MyAgent)
iex> Behaviour.get_module(agent)
MyAgent

  


        

      


  

    
Nous.Agent.Callbacks 
    



      
Callback execution for agent events.
Supports two notification mechanisms:
	Map-based callbacks - Functions in the context's callbacks map
	Process messages - Messages sent to the context's notify_pid

Callback Events
	:on_agent_start - Agent run begins
	:on_llm_new_delta - Streaming text chunk received
	:on_llm_new_message - Complete LLM response received
	:on_tool_call - Tool invocation started
	:on_tool_response - Tool execution completed
	:on_agent_complete - Agent run finished successfully
	:on_error - Error occurred during execution

Map-Based Callbacks
Configure callbacks as a map of event handlers:
ctx = Context.new(callbacks: %{
  on_llm_new_delta: fn _event, delta -> IO.write(delta) end,
  on_tool_call: fn _event, call -> IO.inspect(call, label: "Tool") end
})
Callback functions receive (event_name, payload) and their return values
are discarded (side-effects only).
Process Messages
For LiveView integration, set notify_pid:
ctx = Context.new(notify_pid: self())
# Will receive messages like:
# {:agent_delta, text}
# {:tool_call, %{id: ..., name: ..., arguments: ...}}
# {:agent_complete, result}
Example
alias Nous.Agent.{Context, Callbacks}

# Execute callback (safe - handles missing callbacks)
Callbacks.execute(ctx, :on_llm_new_delta, "Hello")

# Execute with metadata
Callbacks.execute(ctx, :on_tool_call, %{
  id: "call_123",
  name: "search",
  arguments: %{"query" => "elixir"}
})

      


      
        Summary


  
    Types
  


    
      
        event()

      


    


    
      
        payload()

      


    





  
    Functions
  


    
      
        events()

      


        List of all supported callback events.



    


    
      
        execute(ctx, event, payload)

      


        Execute a callback for the given event.



    


    
      
        execute_many(ctx, events)

      


        Execute multiple events in sequence.



    


    
      
        has_callback?(context, event)

      


        Check if a specific callback is configured.



    


    
      
        has_notification?(context)

      


        Check if process notification is enabled.



    


    
      
        put_callback(ctx, event, callback)

      


        Add a callback to the context.



    


    
      
        remove_callback(ctx, event)

      


        Remove a callback from the context.



    


    
      
        set_notify_pid(ctx, pid)

      


        Set the notification PID.



    


    
      
        to_message(event, payload)

      


        Convert an event to a process message format.



    





      


      
        Types


        


  
    
      
    
    
      event()



        
          
        

    

  


  

      

          @type event() ::
  :on_agent_start
  | :on_llm_new_delta
  | :on_llm_new_message
  | :on_tool_call
  | :on_tool_response
  | :on_agent_complete
  | :on_error


      



  



  
    
      
    
    
      payload()



        
          
        

    

  


  

      

          @type payload() :: any()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      events()



        
          
        

    

  


  

      

          @spec events() :: [event()]


      


List of all supported callback events.
Events
	:on_agent_start - Payload: %{agent: agent}
	:on_llm_new_delta - Payload: String.t() (text chunk)
	:on_llm_new_message - Payload: Message.t()
	:on_tool_call - Payload: %{id: String.t(), name: String.t(), arguments: map()}
	:on_tool_response - Payload: %{id: String.t(), name: String.t(), result: any()}
	:on_agent_complete - Payload: result map
	:on_error - Payload: error term

Examples
iex> Callbacks.events()
[:on_agent_start, :on_llm_new_delta, :on_llm_new_message, ...]

  



  
    
      
    
    
      execute(ctx, event, payload)



        
          
        

    

  


  

      

          @spec execute(Nous.Agent.Context.t(), event(), payload()) :: :ok


      


Execute a callback for the given event.
This function:
	Invokes the map-based callback if present in ctx.callbacks
	Sends a process message if ctx.notify_pid is set

Safe to call even if no callbacks are configured.
Parameters
	ctx - The agent context
	event - The event name (atom)
	payload - Event-specific data

Examples
iex> ctx = Context.new(callbacks: %{on_llm_new_delta: fn _, d -> IO.write(d) end})
iex> Callbacks.execute(ctx, :on_llm_new_delta, "Hello")
:ok

iex> ctx = Context.new(notify_pid: self())
iex> Callbacks.execute(ctx, :on_llm_new_delta, "Hello")
iex> receive do {:agent_delta, text} -> text end
"Hello"

  



  
    
      
    
    
      execute_many(ctx, events)



        
          
        

    

  


  

      

          @spec execute_many(Nous.Agent.Context.t(), [{event(), payload()}]) :: :ok


      


Execute multiple events in sequence.
Examples
iex> Callbacks.execute_many(ctx, [
...>   {:on_tool_call, %{id: "1", name: "search"}},
...>   {:on_tool_response, %{id: "1", result: "found"}}
...> ])
:ok

  



  
    
      
    
    
      has_callback?(context, event)



        
          
        

    

  


  

      

          @spec has_callback?(Nous.Agent.Context.t(), event()) :: boolean()


      


Check if a specific callback is configured.
Examples
iex> ctx = Context.new(callbacks: %{on_llm_new_delta: fn _, _ -> :ok end})
iex> Callbacks.has_callback?(ctx, :on_llm_new_delta)
true

iex> ctx = Context.new()
iex> Callbacks.has_callback?(ctx, :on_llm_new_delta)
false

  



  
    
      
    
    
      has_notification?(context)



        
          
        

    

  


  

      

          @spec has_notification?(Nous.Agent.Context.t()) :: boolean()


      


Check if process notification is enabled.
Examples
iex> ctx = Context.new(notify_pid: self())
iex> Callbacks.has_notification?(ctx)
true

iex> ctx = Context.new()
iex> Callbacks.has_notification?(ctx)
false

  



  
    
      
    
    
      put_callback(ctx, event, callback)



        
          
        

    

  


  

      

          @spec put_callback(Nous.Agent.Context.t(), event(), function()) ::
  Nous.Agent.Context.t()


      


Add a callback to the context.
Examples
iex> ctx = Context.new()
iex> ctx = Callbacks.put_callback(ctx, :on_llm_new_delta, fn _, d -> IO.write(d) end)
iex> Callbacks.has_callback?(ctx, :on_llm_new_delta)
true

  



  
    
      
    
    
      remove_callback(ctx, event)



        
          
        

    

  


  

      

          @spec remove_callback(Nous.Agent.Context.t(), event()) :: Nous.Agent.Context.t()


      


Remove a callback from the context.
Examples
iex> ctx = Context.new(callbacks: %{on_llm_new_delta: fn _, _ -> :ok end})
iex> ctx = Callbacks.remove_callback(ctx, :on_llm_new_delta)
iex> Callbacks.has_callback?(ctx, :on_llm_new_delta)
false

  



  
    
      
    
    
      set_notify_pid(ctx, pid)



        
          
        

    

  


  

      

          @spec set_notify_pid(Nous.Agent.Context.t(), pid() | nil) :: Nous.Agent.Context.t()


      


Set the notification PID.
Examples
iex> ctx = Context.new()
iex> ctx = Callbacks.set_notify_pid(ctx, self())
iex> Callbacks.has_notification?(ctx)
true

  



  
    
      
    
    
      to_message(event, payload)



        
          
        

    

  


  

      

          @spec to_message(event(), payload()) :: tuple()


      


Convert an event to a process message format.
This is used internally but exposed for testing.
Message Format
	Event	Message
	:on_agent_start	{:agent_start, payload}
	:on_llm_new_delta	{:agent_delta, text}
	:on_llm_new_message	{:agent_message, message}
	:on_tool_call	{:tool_call, %{id, name, arguments}}
	:on_tool_response	{:tool_result, %{id, name, result}}
	:on_agent_complete	{:agent_complete, result}
	:on_error	{:agent_error, error}

Examples
iex> Callbacks.to_message(:on_llm_new_delta, "Hello")
{:agent_delta, "Hello"}

iex> Callbacks.to_message(:on_tool_call, %{id: "1", name: "search"})
{:tool_call, %{id: "1", name: "search"}}

  


        

      


  

    
Nous.Agent.Context 
    



      
Unified context for agent execution.
Accumulates state across the agent loop:
	Conversation messages
	Tool call history
	Usage tracking
	User dependencies
	Callbacks configuration

Example
# Create new context
ctx = Context.new(
  system_prompt: "You are helpful",
  deps: %{database: MyDB},
  max_iterations: 15
)

# Add messages
ctx = ctx
|> Context.add_message(Message.user("Hello"))
|> Context.add_message(Message.assistant("Hi there!"))

# Check loop control
if ctx.needs_response do
  # Continue execution
end
Callbacks
Callbacks can be configured as a map of event handlers:
ctx = Context.new(callbacks: %{
  on_llm_new_delta: fn _event, delta -> IO.write(delta) end,
  on_tool_call: fn _event, call -> IO.inspect(call) end
})
Process Notification
For LiveView integration, set notify_pid:
ctx = Context.new(notify_pid: self())
# Will receive: {:agent_delta, text}, {:tool_call, call}, etc.

      


      
        Summary


  
    Types
  


    
      
        callback_fn()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        add_message(ctx, message)

      


        Add a message to the context.



    


    
      
        add_messages(ctx, messages)

      


        Add multiple messages to the context.



    


    
      
        add_tool_call(ctx, call)

      


        Record a tool call in the context.



    


    
      
        add_usage(ctx, usage)

      


        Merge usage statistics into the context.



    


    
      
        assistant_messages(context)

      


        Get all assistant messages from the context.



    


    
      
        from_run_context(run_ctx, opts \\ [])

      


        Create context from an existing RunContext (migration helper).



    


    
      
        increment_iteration(ctx)

      


        Increment the iteration counter.



    


    
      
        last_message(context)

      


        Get the last message from the context.



    


    
      
        max_iterations_reached?(context)

      


        Check if maximum iterations has been reached.



    


    
      
        merge_deps(ctx, new_deps)

      


        Merge new dependencies into the context.



    


    
      
        new(opts \\ [])

      


        Create a new context with options.



    


    
      
        set_needs_response(ctx, value)

      


        Set needs_response flag explicitly.



    


    
      
        to_run_context(ctx)

      


        Convert to RunContext for tool execution (backwards compatibility).



    





      


      
        Types


        


  
    
      
    
    
      callback_fn()



        
          
        

    

  


  

      

          @type callback_fn() :: (atom(), any() -> any())


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Nous.Agent.Context{
  agent_name: String.t() | nil,
  callbacks: %{optional(atom()) => callback_fn()},
  cancellation_check: (-> :ok | {:error, term()}) | nil,
  deps: map(),
  iteration: non_neg_integer(),
  max_iterations: non_neg_integer(),
  messages: [Nous.Message.t()],
  needs_response: boolean(),
  notify_pid: pid() | nil,
  started_at: DateTime.t() | nil,
  system_prompt: String.t() | nil,
  tool_calls: [map()],
  usage: Nous.Usage.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      add_message(ctx, message)



        
          
        

    

  


  

      

          @spec add_message(t(), Nous.Message.t()) :: t()


      


Add a message to the context.
Automatically updates needs_response based on message role and content.
Examples
iex> ctx = Context.new()
iex> ctx = Context.add_message(ctx, Message.user("Hello"))
iex> length(ctx.messages)
1

  



  
    
      
    
    
      add_messages(ctx, messages)



        
          
        

    

  


  

      

          @spec add_messages(t(), [Nous.Message.t()]) :: t()


      


Add multiple messages to the context.
Examples
iex> ctx = Context.new()
iex> messages = [Message.user("Hi"), Message.assistant("Hello")]
iex> ctx = Context.add_messages(ctx, messages)
iex> length(ctx.messages)
2

  



  
    
      
    
    
      add_tool_call(ctx, call)



        
          
        

    

  


  

      

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


      


Record a tool call in the context.
Examples
iex> ctx = Context.new()
iex> call = %{id: "call_123", name: "search", arguments: %{"q" => "test"}}
iex> ctx = Context.add_tool_call(ctx, call)
iex> length(ctx.tool_calls)
1

  



  
    
      
    
    
      add_usage(ctx, usage)



        
          
        

    

  


  

      

          @spec add_usage(t(), Nous.Usage.t() | map()) :: t()


      


Merge usage statistics into the context.
Examples
iex> ctx = Context.new()
iex> usage = %Usage{input_tokens: 100, output_tokens: 50}
iex> ctx = Context.add_usage(ctx, usage)
iex> ctx.usage.input_tokens
100

  



  
    
      
    
    
      assistant_messages(context)



        
          
        

    

  


  

      

          @spec assistant_messages(t()) :: [Nous.Message.t()]


      


Get all assistant messages from the context.
Examples
iex> ctx = Context.new()
iex> ctx = ctx |> Context.add_message(Message.user("Hi"))
iex> ctx = ctx |> Context.add_message(Message.assistant("Hello"))
iex> length(Context.assistant_messages(ctx))
1

  



    

  
    
      
    
    
      from_run_context(run_ctx, opts \\ [])



        
          
        

    

  


  

      

          @spec from_run_context(
  Nous.RunContext.t(),
  keyword()
) :: t()


      


Create context from an existing RunContext (migration helper).
Examples
iex> run_ctx = Nous.RunContext.new(%{key: "value"})
iex> ctx = Context.from_run_context(run_ctx)
iex> ctx.deps.key
"value"

  



  
    
      
    
    
      increment_iteration(ctx)



        
          
        

    

  


  

      

          @spec increment_iteration(t()) :: t()


      


Increment the iteration counter.
Examples
iex> ctx = Context.new()
iex> ctx = Context.increment_iteration(ctx)
iex> ctx.iteration
1

  



  
    
      
    
    
      last_message(context)



        
          
        

    

  


  

      

          @spec last_message(t()) :: Nous.Message.t() | nil


      


Get the last message from the context.
Examples
iex> ctx = Context.new() |> Context.add_message(Message.user("Hello"))
iex> Context.last_message(ctx).content
"Hello"

iex> ctx = Context.new()
iex> Context.last_message(ctx)
nil

  



  
    
      
    
    
      max_iterations_reached?(context)



        
          
        

    

  


  

      

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


      


Check if maximum iterations has been reached.
Examples
iex> ctx = Context.new(max_iterations: 5, iteration: 5)
iex> Context.max_iterations_reached?(ctx)
true

iex> ctx = Context.new(max_iterations: 5, iteration: 3)
iex> Context.max_iterations_reached?(ctx)
false

  



  
    
      
    
    
      merge_deps(ctx, new_deps)



        
          
        

    

  


  

      

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


      


Merge new dependencies into the context.
Used by tools to update context state via __update_context__ or ContextUpdate.
Examples
iex> ctx = Context.new(deps: %{count: 0})
iex> ctx = Context.merge_deps(ctx, %{count: 1, new_key: "value"})
iex> ctx.deps.count
1
iex> ctx.deps.new_key
"value"

  



    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

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


      


Create a new context with options.
Options
	:messages - Initial message list (default: [])
	:system_prompt - System prompt string
	:deps - User dependencies map (default: %{})
	:max_iterations - Maximum loop iterations (default: 10)
	:callbacks - Map of callback functions
	:notify_pid - PID to receive event messages
	:agent_name - Name for telemetry/logging
	:cancellation_check - Function to check for cancellation

Examples
iex> ctx = Context.new(system_prompt: "Be helpful", max_iterations: 5)
iex> ctx.max_iterations
5

iex> ctx = Context.new(deps: %{user_id: 123})
iex> ctx.deps.user_id
123

  



  
    
      
    
    
      set_needs_response(ctx, value)



        
          
        

    

  


  

      

          @spec set_needs_response(t(), boolean()) :: t()


      


Set needs_response flag explicitly.
Examples
iex> ctx = Context.new()
iex> ctx = Context.set_needs_response(ctx, false)
iex> ctx.needs_response
false

  



  
    
      
    
    
      to_run_context(ctx)



        
          
        

    

  


  

      

          @spec to_run_context(t()) :: Nous.RunContext.t()


      


Convert to RunContext for tool execution (backwards compatibility).
This allows tools to continue using the existing RunContext interface.
Examples
iex> ctx = Context.new(deps: %{db: :postgres})
iex> run_ctx = Context.to_run_context(ctx)
iex> run_ctx.deps.db
:postgres

  


        

      


  

    
Nous.ReActAgent 
    



      
ReAct (Reasoning and Acting) Agent wrapper with built-in planning and todo management.
ReAct is a prompting paradigm where AI agents interleave:
	Reasoning: Thinking about what to do next
	Acting: Using tools to gather information or perform actions
	Observing: Processing results to inform the next step

This module wraps Nous.Agent with enhanced capabilities:
	Structured planning with facts survey
	Built-in todo list management
	Note-taking for observations
	Loop prevention (warns on duplicate tool calls)
	Mandatory final_answer for task completion

Built-in Tools
	plan - Create structured plan before taking action
	note - Record observations and insights
	add_todo - Track subtasks
	complete_todo - Mark tasks done
	list_todos - View current todos
	final_answer - Complete the task (required)

Example
# Create ReAct agent with custom tools
agent = ReActAgent.new("lmstudio:qwen3-vl-4b-thinking-mlx",
  instructions: "You are a research assistant",
  tools: [&MyTools.search/2, &MyTools.calculate/2]
)

# Run with initial context
{:ok, result} = ReActAgent.run(agent,
  "Find the oldest F1 driver and when they won their first championship",
  deps: %{database: MyDB}
)

# The agent will automatically:
# 1. Create a plan
# 2. Add todos for each step
# 3. Use tools to gather info
# 4. Complete todos as it progresses
# 5. Call final_answer when done

IO.puts(result.output)
# Access metadata
IO.inspect(result.metadata)
Comparison to Standard Agent
# Standard Agent
agent = Agent.new("model", tools: [tool1, tool2])

# ReAct Agent (enhanced)
agent = ReActAgent.new("model", tools: [tool1, tool2])
# Automatically includes: plan, note, add_todo, complete_todo,
#                         list_todos, final_answer
Loop Prevention
The ReAct agent tracks tool call history and warns if the same tool
is called with identical arguments, helping prevent infinite loops.
Based on Research
This implementation draws from:
	"ReAct: Synergizing Reasoning and Acting in Language Models" (Yao et al., 2023)
	HuggingFace smolagents toolcalling_agent patterns
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        new(model_string, opts \\ [])

      


        Create a new ReAct agent.



    


    
      
        run(agent, prompt, opts \\ [])

      


        Run the ReAct agent synchronously.



    


    
      
        run_stream(agent, prompt, opts \\ [])

      


        Run the ReAct agent with streaming.
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          @type t() :: Nous.Agent.t()
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          @spec new(
  String.t(),
  keyword()
) :: t()


      


Create a new ReAct agent.
Wraps Nous.Agent.new/2 with ReAct behaviour module.
Parameters
	model_string - Model in format "provider:model-name"
	opts - Configuration options (same as Nous.Agent.new/2)

Options
All standard Agent options are supported, plus:
	:react_system_prompt - Override the default ReAct system prompt
	:require_planning - Whether to enforce planning step (default: false)
	:track_history - Track tool call history for loop detection (default: true)

Examples
# Basic ReAct agent
agent = ReActAgent.new("openai:gpt-4")

# With custom tools
agent = ReActAgent.new("anthropic:claude-3-5-sonnet",
  tools: [&MyTools.search/2, &MyTools.calculate/2],
  instructions: "You are a research assistant"
)

# With custom model settings
agent = ReActAgent.new("lmstudio:qwen3-vl-4b-thinking-mlx",
  model_settings: %{temperature: 0.3, max_tokens: 2000}
)
Returns
A configured Agent struct with ReAct behaviour.

  



    

  
    
      
    
    
      run(agent, prompt, opts \\ [])



        
          
        

    

  


  

      

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


      


Run the ReAct agent synchronously.
Wraps Nous.Agent.run/3 with additional ReAct context initialization.
Options
Same as Nous.Agent.run/3, with automatic initialization of:
	todos: [] - Empty todo list
	plans: [] - Empty plans list
	notes: [] - Empty notes list
	tool_history: [] - Tool call history for loop detection

Examples
{:ok, result} = ReActAgent.run(agent,
  "What is the capital of France and what's its population?"
)

# With dependencies
{:ok, result} = ReActAgent.run(agent,
  "Search for recent AI developments",
  deps: %{api_key: "..."}
)

# Continue conversation
{:ok, result2} = ReActAgent.run(agent,
  "Tell me more about that",
  message_history: result1.new_messages
)
Returns
Same as Nous.Agent.run/3:
{:ok, %{
  output: "Final answer text...",
  usage: %Usage{...},
  all_messages: [...],
  new_messages: [...],
  metadata: %{
    todos_completed: 3,
    todos_pending: 0,
    plans_count: 1,
    notes_count: 5
  }
}}

  



    

  
    
      
    
    
      run_stream(agent, prompt, opts \\ [])



        
          
        

    

  


  

      

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


      


Run the ReAct agent with streaming.
Wraps Nous.Agent.run_stream/3 with ReAct context initialization.
Example
{:ok, stream} = ReActAgent.run_stream(agent, "Solve this problem...")

stream
|> Stream.each(fn
  {:text_delta, text} -> IO.write(text)
  {:tool_call, call} -> IO.puts("Using tool")
  {:tool_result, result} -> IO.puts("Got result")
  {:complete, result} -> IO.puts("Done!")
end)
|> Stream.run()

  


        

      


  

    
Nous.Agents.BasicAgent 
    



      
Default agent implementation with standard tool-calling behavior.
BasicAgent implements the Nous.Agent.Behaviour and provides:
	Standard message building with system prompts
	Simple tool call detection and execution
	Text extraction from assistant responses

This is the default behaviour used when no behaviour_module is specified.
Example
agent = Agent.new("openai:gpt-4",
  instructions: "Be helpful",
  tools: [&search/2]
)

# Uses BasicAgent by default
{:ok, result} = Agent.run(agent, "Search for Elixir tutorials")
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        build_messages(agent, ctx)

      


        Build messages to send to the LLM.



    


    
      
        extract_output(agent, ctx)

      


        Extract the final output from the context.



    


    
      
        get_tools(agent)

      


        Get tools available for this agent.



    


    
      
        process_response(agent, response, ctx)

      


        Process a response from the LLM.
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Build messages to send to the LLM.
Combines system prompt (if any) with conversation messages.

  



  
    
      
    
    
      extract_output(agent, ctx)



        
          
        

    

  


  

Extract the final output from the context.
Returns the text content of the last assistant message.

  



  
    
      
    
    
      get_tools(agent)



        
          
        

    

  


  

Get tools available for this agent.
Returns the tools configured on the agent.

  



  
    
      
    
    
      process_response(agent, response, ctx)



        
          
        

    

  


  

Process a response from the LLM.
Adds the response to context and updates needs_response based on
whether there are tool calls to process.

  


        

      


  

    
Nous.Agents.ReActAgent 
    



      
ReAct (Reasoning and Acting) Agent behaviour implementation.
ReAct is a prompting paradigm where AI agents interleave:
	Reasoning: Thinking about what to do next
	Acting: Using tools to gather information or perform actions
	Observing: Processing results to inform the next step

This module implements Nous.Agent.Behaviour with enhanced capabilities:
	Structured planning with facts survey
	Built-in todo list management
	Note-taking for observations
	Loop prevention (warns on duplicate tool calls)
	Mandatory final_answer for task completion

Built-in Tools
	plan - Create structured plan before taking action
	note - Record observations and insights
	add_todo - Track subtasks
	complete_todo - Mark tasks done
	list_todos - View current todos
	final_answer - Complete the task (required)

Example
agent = Agent.new("openai:gpt-4",
  behaviour_module: Nous.Agents.ReActAgent,
  tools: [&search/2, &calculate/2]
)

{:ok, result} = Agent.run(agent,
  "Find the oldest F1 driver and when they won their first championship"
)
Based on Research
This implementation draws from:
	"ReAct: Synergizing Reasoning and Acting in Language Models" (Yao et al., 2023)
	HuggingFace smolagents toolcalling_agent patterns
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        after_tool(agent, call, result, ctx)

      


        Track tool calls for loop detection.



    


    
      
        build_messages(agent, ctx)

      


        Build messages with ReAct system prompt.



    


    
      
        extract_output(agent, ctx)

      


        Extract output from final_answer or last assistant message.



    


    
      
        get_tools(agent)

      


        Get all tools including ReAct-specific tools.



    


    
      
        init_context(agent, ctx)

      


        Initialize context for ReAct execution.



    


    
      
        process_response(agent, response, ctx)

      


        Process response and check for final_answer.
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Track tool calls for loop detection.

  



  
    
      
    
    
      build_messages(agent, ctx)



        
          
        

    

  


  

Build messages with ReAct system prompt.
Combines the ReAct system prompt with any user instructions.

  



  
    
      
    
    
      extract_output(agent, ctx)



        
          
        

    

  


  

Extract output from final_answer or last assistant message.

  



  
    
      
    
    
      get_tools(agent)



        
          
        

    

  


  

Get all tools including ReAct-specific tools.

  



  
    
      
    
    
      init_context(agent, ctx)



        
          
        

    

  


  

Initialize context for ReAct execution.
Sets up ReAct-specific state:
	todos - Task list
	plans - Planning history
	notes - Observations
	tool_history - Loop detection
	final_answer - Captured final answer


  



  
    
      
    
    
      process_response(agent, response, ctx)



        
          
        

    

  


  

Process response and check for final_answer.
Updates context and sets needs_response to false when
final_answer tool is called.

  


        

      


  

    
Nous.AgentRunner 
    



      
Executes agent runs with tool calling loop.
The AgentRunner is responsible for:
	Building messages with system prompts and instructions
	Calling the model via the provider
	Detecting and executing tool calls
	Looping until needs_response is false
	Extracting and validating output
	Executing callbacks and sending process notifications

Context-Based Execution
The runner uses a Context struct to manage all state during execution:
ctx = Context.new(
  deps: %{database: MyDB},
  callbacks: %{on_llm_new_delta: fn _, d -> IO.write(d) end},
  notify_pid: self()
)
Behaviour Integration
Different agent types can customize behavior by implementing
Nous.Agent.Behaviour and setting behaviour_module on the agent.
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        run(agent, prompt, opts \\ [])

      


        Run agent to completion.



    


    
      
        run_stream(agent, prompt, opts \\ [])

      


        Run agent with streaming.



    


    
      
        run_with_context(agent, ctx, opts \\ [])

      


        Run agent with an existing context.



    





      


      
        Functions


        


    

  
    
      
    
    
      run(agent, prompt, opts \\ [])



        
          
        

    

  


  

      

          @spec run(Nous.Agent.t(), String.t(), keyword()) :: {:ok, map()} | {:error, term()}


      


Run agent to completion.
Options
	:deps - Dependencies for tools
	:message_history - Previous messages
	:usage_limits - Usage limits (not implemented yet)
	:model_settings - Override model settings
	:max_iterations - Maximum iterations (default: 10)
	:cancellation_check - Function to check if execution should be cancelled
	:callbacks - Map of callback functions
	:notify_pid - PID to receive event messages
	:context - Existing context to continue from
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          @spec run_stream(Nous.Agent.t(), String.t(), keyword()) ::
  {:ok, Enumerable.t()} | {:error, term()}


      


Run agent with streaming.
Returns a stream that yields events as they occur.
Events
	{:text_delta, text} - Incremental text update
	{:thinking_delta, text} - Thinking content (reasoning models)
	{:tool_call, call} - Tool is being called
	{:tool_result, result} - Tool execution completed
	{:finish, reason} - Stream finished
	{:complete, result} - Final result
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          @spec run_with_context(Nous.Agent.t(), Nous.Agent.Context.t(), keyword()) ::
  {:ok, map()} | {:error, term()}


      


Run agent with an existing context.
Useful for continuing from a previous run or with pre-built context.

  


        

      


  

    
Nous.AgentServer 
    



      
GenServer wrapper for Nous agents with PubSub integration.
This server:
	Wraps a Nous agent (standard or ReAct)
	Links to parent process (dies when parent dies)
	Subscribes to PubSub for incoming messages
	Publishes responses back via PubSub
	Maintains conversation context for multi-turn conversations

Context-Based State
Uses Nous.Agent.Context to maintain conversation state:
	Messages accumulate across turns
	Tool calls are tracked
	Usage is aggregated
	Callbacks forward to PubSub

Usage with LiveView
defmodule MyAppWeb.ChatLive do
  use MyAppWeb, :live_view

  def mount(_params, _session, socket) do
    # Start agent linked to this LiveView
    {:ok, agent_pid} = AgentServer.start_link(
      session_id: socket.assigns.session_id,
      agent_config: %{
        model: "lmstudio:qwen3-vl-4b-thinking-mlx",
        instructions: "You are a helpful assistant",
        tools: []
      }
    )

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

    {:ok, assign(socket, agent_pid: agent_pid, messages: [])}
  end

  def handle_event("send_message", %{"message" => msg}, socket) do
    AgentServer.send_message(socket.assigns.agent_pid, msg)
    {:noreply, socket}
  end

  # Receive streaming deltas
  def handle_info({:agent_delta, text}, socket) do
    # Append text to current response
    {:noreply, update(socket, :current_response, &(&1 <> text))}
  end

  # Receive complete response
  def handle_info({:agent_complete, result}, socket) do
    messages = socket.assigns.messages ++ [%{role: :assistant, content: result.output}]
    {:noreply, assign(socket, messages: messages, current_response: "")}
  end

  # Receive tool calls
  def handle_info({:tool_call, call}, socket) do
    # Show tool call in UI
    {:noreply, socket}
  end
end
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        cancel_execution(pid)

      


        Cancel the current agent execution.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        clear_history(pid)

      


        Clear conversation context and start fresh.



    


    
      
        get_context(pid)

      


        Get conversation context.



    


    
      
        get_history(pid)

      


        Get conversation history (messages only).



    


    
      
        send_message(pid, message)

      


        Send a message to the agent.



    


    
      
        start_link(opts)

      


        Start an AgentServer linked to the calling process.
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          @type agent_config() :: %{
  model: String.t(),
  instructions: String.t(),
  tools: list(),
  type: :standard | :react,
  model_settings: map()
}


      



  



  
    
      
    
    
      state()



        
          
        

    

  


  

      

          @type state() :: %{
  session_id: String.t(),
  agent: Nous.Agent.t(),
  context: Nous.Agent.Context.t(),
  pubsub: module(),
  topic: String.t(),
  agent_type: :standard | :react,
  current_task: Task.t() | nil,
  cancelled: boolean(),
  subscribe_fn: (any(), String.t() -> :ok | {:error, any()}),
  broadcast_fn: (any(), String.t(), any() -> :ok | {:error, any()})
}
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          @spec cancel_execution(pid()) :: :ok


      


Cancel the current agent execution.
This will:
	Shutdown the running task gracefully
	Broadcast a cancellation message
	Reset the cancelled flag for future executions


  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.
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          @spec clear_history(pid()) :: :ok


      


Clear conversation context and start fresh.
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          @spec get_context(pid()) :: Nous.Agent.Context.t()


      


Get conversation context.
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          @spec get_history(pid()) :: list()


      


Get conversation history (messages only).
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          @spec send_message(pid(), String.t()) :: :ok


      


Send a message to the agent.
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          @spec start_link(keyword()) :: GenServer.on_start()


      


Start an AgentServer linked to the calling process.
Options
	:session_id - Unique session identifier (required)
	:agent_config - Agent configuration map (required)
	:pubsub - PubSub module (default: MyApp.PubSub)

Agent Config
	:model - Model string (e.g., "openai:gpt-4")
	:instructions - System instructions
	:tools - List of tool functions
	:type - :standard or :react (default: :standard)
	:model_settings - Model settings map
	:deps - Initial dependencies for tools


  


        

      


  

    
Nous.Model 
    



      
Model configuration for LLM providers.
This module defines the model configuration structure used by all
model adapters to connect to various LLM providers.
Example
model = Model.new(:openai, "gpt-4",
  api_key: "sk-...",
  default_settings: %{temperature: 0.7}
)
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        new(provider, model, opts \\ [])

      


        Create a new model configuration.



    


    
      
        parse(model_string, opts \\ [])

      


        Parse a model string into a Model struct.
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          @type provider() ::
  :openai
  | :anthropic
  | :gemini
  | :groq
  | :ollama
  | :lmstudio
  | :openrouter
  | :together
  | :vllm
  | :sglang
  | :mistral
  | :custom


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Nous.Model{
  api_key: String.t() | nil,
  base_url: String.t() | nil,
  default_settings: map(),
  model: String.t(),
  organization: String.t() | nil,
  provider: provider(),
  receive_timeout: non_neg_integer(),
  stream_normalizer: module() | nil
}
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          @spec new(provider(), String.t(), keyword()) :: t()


      


Create a new model configuration.
Parameters
	provider - Provider atom (:openai, :groq, :ollama, etc.)
	model - Model name string
	opts - Optional configuration

Options
	:base_url - Custom API base URL
	:api_key - API key (defaults to environment config)
	:organization - Organization ID (for OpenAI)
	:receive_timeout - HTTP receive timeout in milliseconds (default: 60000).
Increase this for local models that may take longer to respond.
	:default_settings - Default model settings (temperature, max_tokens, etc.)
	:stream_normalizer - Custom stream normalizer module implementing Nous.StreamNormalizer behaviour

Example
model = Model.new(:openai, "gpt-4",
  api_key: "sk-...",
  default_settings: %{temperature: 0.7, max_tokens: 1000}
)

# For slow local models, increase the timeout
model = Model.new(:lmstudio, "qwen/qwen3-4b",
  receive_timeout: 120_000  # 2 minutes
)
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          @spec parse(
  String.t(),
  keyword()
) :: t()


      


Parse a model string into a Model struct.
Supports the format "provider:model-name" for convenient model specification.
Supported Formats
	"openai:gpt-4" - OpenAI models
	"anthropic:claude-3-5-sonnet-20241022" - Anthropic Claude
	"gemini:gemini-1.5-pro" - Google Gemini
	"groq:llama-3.1-70b-versatile" - Groq models
	"mistral:mistral-large-latest" - Mistral models
	"ollama:llama2" - Local Ollama
	"lmstudio:qwen3-vl-4b-thinking-mlx" - Local LM Studio
	"vllm:qwen3-vl-4b-thinking-mlx" - vLLM server
	"sglang:meta-llama/Llama-3-8B" - SGLang server
	"openrouter:anthropic/claude-3.5-sonnet" - OpenRouter
	"together:meta-llama/Llama-3-70b-chat-hf" - Together AI
	"custom:my-model" - Custom endpoint (requires :base_url option)

Examples
iex> %Model{provider: provider, model: model} = Model.parse("openai:gpt-4")
iex> {provider, model}
{:openai, "gpt-4"}

iex> %Model{provider: provider, model: model} = Model.parse("ollama:llama2")
iex> {provider, model}
{:ollama, "llama2"}

iex> model = Model.parse("custom:my-model", base_url: "http://localhost:8080/v1")
iex> {model.provider, model.model, model.base_url}
{:custom, "my-model", "http://localhost:8080/v1"}

  


        

      


  

    
Nous.ModelDispatcher 
    



      
Dispatches model requests to the appropriate provider implementation.
Routes requests to providers based on the model's provider field:
	:anthropic → Nous.Providers.Anthropic
	:gemini → Nous.Providers.Gemini
	:mistral → Nous.Providers.Mistral
	:lmstudio → Nous.Providers.LMStudio
	:vllm → Nous.Providers.VLLM
	:sglang → Nous.Providers.SGLang
	:openai → Nous.Providers.OpenAI
	Others → Nous.Providers.OpenAICompatible
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        count_tokens(model, messages)

      


        Count tokens (uses appropriate provider implementation).



    


    
      
        request(model, messages, settings)

      


        Dispatch request to the appropriate provider implementation.



    


    
      
        request_stream(model, messages, settings)

      


        Dispatch streaming request to the appropriate provider implementation.
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          @spec count_tokens(Nous.Model.t(), list()) :: integer()


      


Count tokens (uses appropriate provider implementation).

  



  
    
      
    
    
      request(model, messages, settings)



        
          
        

    

  


  

      

          @spec request(Nous.Model.t(), list(), map()) :: {:ok, map()} | {:error, term()}


      


Dispatch request to the appropriate provider implementation.

  



  
    
      
    
    
      request_stream(model, messages, settings)



        
          
        

    

  


  

      

          @spec request_stream(Nous.Model.t(), list(), map()) ::
  {:ok, Enumerable.t()} | {:error, term()}


      


Dispatch streaming request to the appropriate provider implementation.

  


        

      


  

    
Nous.Provider behaviour
    



      
Behaviour for LLM provider implementations.
Provides a declarative way to define providers with common functionality
injected via the use macro.
Usage
defmodule Nous.Providers.OpenAI do
  use Nous.Provider,
    id: :openai,
    default_base_url: "https://api.openai.com/v1",
    default_env_key: "OPENAI_API_KEY"

  @impl true
  def chat(params, opts \\ []) do
    # Implementation
  end

  @impl true
  def chat_stream(params, opts \\ []) do
    # Implementation
  end
end
Callbacks
Providers must implement:
	chat/2 - Non-streaming chat completion (low-level HTTP)
	chat_stream/2 - Streaming chat completion (low-level HTTP)

Optional (have default implementations):
	request/3 - High-level request with message conversion, telemetry, error wrapping
	request_stream/3 - High-level streaming with message conversion, telemetry
	count_tokens/1 - Token counting (defaults to rough estimate)

Injected Functions
The use macro injects:
	provider_id/0 - Returns the provider atom ID
	default_base_url/0 - Returns the default API base URL
	default_env_key/0 - Returns the environment variable name for API key
	api_key/1 - Returns the API key from opts, env, or config
	base_url/1 - Returns base URL from opts, config, or default
	request/3 - High-level request (can be overridden)
	request_stream/3 - High-level streaming request (can be overridden)
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        chat(params, opts)

      


        Make a non-streaming chat request (low-level HTTP).



    


    
      
        chat_stream(params, opts)

      


        Make a streaming chat request (low-level HTTP).



    


    
      
        count_tokens(messages)

      


        Count tokens in messages (can be an estimate).



    


    
      
        default_base_url()

      


        Returns the default API base URL



    


    
      
        default_env_key()

      


        Returns the environment variable name for the API key



    


    
      
        provider_id()

      


        Returns the provider identifier atom



    


    
      
        request(model, messages, settings)

      


        High-level request with message conversion, telemetry, and error wrapping.



    


    
      
        request_stream(model, messages, settings)

      


        High-level streaming request with message conversion and telemetry.
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      chat(params, opts)



        
          
        

    

  


  

      

          @callback chat(params :: map(), opts :: keyword()) :: {:ok, map()} | {:error, term()}


      


Make a non-streaming chat request (low-level HTTP).
Parameters
	params - Request parameters (model, messages, etc.)
	opts - Options including :api_key, :base_url, :timeout

Returns
	{:ok, response} - Parsed response body
	{:error, reason} - Error with reason


  



  
    
      
    
    
      chat_stream(params, opts)



        
          
        

    

  


  

      

          @callback chat_stream(params :: map(), opts :: keyword()) ::
  {:ok, Enumerable.t()} | {:error, term()}


      


Make a streaming chat request (low-level HTTP).
Parameters
	params - Request parameters (model, messages, etc.)
	opts - Options including :api_key, :base_url, :timeout

Returns
	{:ok, stream} - Enumerable of parsed events
	{:error, reason} - Error with reason


  



  
    
      
    
    
      count_tokens(messages)


        (optional)


        
          
        

    

  


  

      

          @callback count_tokens(messages :: list()) :: integer()


      


Count tokens in messages (can be an estimate).
Optional callback - defaults to rough estimation if not implemented.

  



  
    
      
    
    
      default_base_url()



        
          
        

    

  


  

      

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


      


Returns the default API base URL

  



  
    
      
    
    
      default_env_key()



        
          
        

    

  


  

      

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


      


Returns the environment variable name for the API key

  



  
    
      
    
    
      provider_id()



        
          
        

    

  


  

      

          @callback provider_id() :: atom()


      


Returns the provider identifier atom

  



  
    
      
    
    
      request(model, messages, settings)


        (optional)


        
          
        

    

  


  

      

          @callback request(model :: Nous.Model.t(), messages :: list(), settings :: map()) ::
  {:ok, Nous.Message.t()} | {:error, term()}


      


High-level request with message conversion, telemetry, and error wrapping.
Parameters
	model - Model configuration struct
	messages - List of messages in internal format
	settings - Request settings (temperature, max_tokens, tools, etc.)

Returns
	{:ok, message} - Parsed response as Message struct
	{:error, error} - Wrapped error


  



  
    
      
    
    
      request_stream(model, messages, settings)


        (optional)


        
          
        

    

  


  

      

          @callback request_stream(model :: Nous.Model.t(), messages :: list(), settings :: map()) ::
  {:ok, Enumerable.t()} | {:error, term()}


      


High-level streaming request with message conversion and telemetry.
Parameters
	model - Model configuration struct
	messages - List of messages in internal format
	settings - Request settings

Returns
	{:ok, stream} - Stream of normalized events
	{:error, error} - Wrapped error


  


        

      


  

    
Nous.Providers.Anthropic 
    



      
Anthropic Claude provider implementation.
Supports Claude models via the Anthropic Messages API.
Usage
# Basic usage
{:ok, response} = Nous.Providers.Anthropic.chat(%{
  model: "claude-sonnet-4-20250514",
  max_tokens: 1024,
  messages: [%{"role" => "user", "content" => "Hello"}]
})

# With system prompt
{:ok, response} = Nous.Providers.Anthropic.chat(%{
  model: "claude-sonnet-4-20250514",
  max_tokens: 1024,
  system: "You are a helpful assistant.",
  messages: [%{"role" => "user", "content" => "Hello"}]
})

# With long context beta
{:ok, response} = Nous.Providers.Anthropic.chat(
  params,
  enable_long_context: true
)

# Streaming
{:ok, stream} = Nous.Providers.Anthropic.chat_stream(params)
Enum.each(stream, fn event -> IO.inspect(event) end)
Configuration
# In config.exs
config :nous, :anthropic,
  api_key: "sk-ant-...",
  base_url: "https://api.anthropic.com"  # optional

      


      
        Summary


  
    Functions
  


    
      
        api_key(opts \\ [])

      


        Get the API key from options, environment, or application config.



    


    
      
        base_url(opts \\ [])

      


        Get the base URL from options, application config, or default.



    


    
      
        count_tokens(messages)

      


        Count tokens in messages (rough estimate).



    


    
      
        request(model, messages, settings)

      


        High-level request with message conversion, telemetry, and error wrapping.



    


    
      
        request_stream(model, messages, settings)

      


        High-level streaming request with message conversion and telemetry.



    





      


      
        Functions


        


    

  
    
      
    
    
      api_key(opts \\ [])



        
          
        

    

  


  

      

          @spec api_key(keyword()) :: String.t() | nil


      


Get the API key from options, environment, or application config.
Lookup order:
	:api_key option passed directly
	Environment variable (ANTHROPIC_API_KEY)
	Application config: config :nous, anthropic, api_key: "..."


  



    

  
    
      
    
    
      base_url(opts \\ [])



        
          
        

    

  


  

      

          @spec base_url(keyword()) :: String.t()


      


Get the base URL from options, application config, or default.
Lookup order:
	:base_url option passed directly
	Application config: config :nous, anthropic, base_url: "..."
	Default: https://api.anthropic.com


  



  
    
      
    
    
      count_tokens(messages)



        
          
        

    

  


  

      

          @spec count_tokens(list()) :: integer()


      


Count tokens in messages (rough estimate).
Override this in your provider for more accurate counting.

  



  
    
      
    
    
      request(model, messages, settings)



        
          
        

    

  


  

High-level request with message conversion, telemetry, and error wrapping.
Default implementation that:
	Converts messages to provider format
	Builds request params
	Calls chat/2
	Parses response
	Emits telemetry events
	Wraps errors


  



  
    
      
    
    
      request_stream(model, messages, settings)



        
          
        

    

  


  

High-level streaming request with message conversion and telemetry.

  


        

      


  

    
Nous.Providers.HTTP 
    



      
Shared HTTP utilities for all LLM providers.
Provides both non-streaming (Req) and streaming (Finch) HTTP capabilities
with provider-agnostic SSE (Server-Sent Events) parsing.
Usage
# Non-streaming request
{:ok, body} = HTTP.post(url, body, headers)

# Streaming request (returns lazy stream)
{:ok, stream} = HTTP.stream(url, body, headers)
Enum.each(stream, &process_event/1)
SSE Parsing
SSE events follow the Server-Sent Events spec (https://html.spec.whatwg.org/multipage/server-sent-events.html):
	Events are separated by double newlines (\n\n)
	Each event contains field lines like data: {...}
	Multiple data: fields are concatenated with newlines
	[DONE] signals stream completion (OpenAI convention)


      


      
        Summary


  
    Functions
  


    
      
        api_key_header(api_key, header_name)

      


        Build authorization header for API key auth (Anthropic style).



    


    
      
        bearer_auth_header(api_key)

      


        Build authorization header for Bearer token auth (OpenAI style).



    


    
      
        parse_sse_buffer(buffer)

      


        Parse an SSE buffer into events.



    


    
      
        parse_sse_event(event)

      


        Parse a single SSE event.



    


    
      
        post(url, body, headers, opts \\ [])

      


        Make a non-streaming POST request.



    


    
      
        stream(url, body, headers, opts \\ [])

      


        Make a streaming POST request with SSE parsing.



    





      


      
        Functions


        


  
    
      
    
    
      api_key_header(api_key, header_name)



        
          
        

    

  


  

      

          @spec api_key_header(String.t() | nil, String.t()) :: list()


      


Build authorization header for API key auth (Anthropic style).
Returns empty list for nil or empty string values.

  



  
    
      
    
    
      bearer_auth_header(api_key)



        
          
        

    

  


  

      

          @spec bearer_auth_header(String.t() | nil) :: list()


      


Build authorization header for Bearer token auth (OpenAI style).
Returns empty list for nil, empty string, or "not-needed" values.

  



  
    
      
    
    
      parse_sse_buffer(buffer)



        
          
        

    

  


  

      

          @spec parse_sse_buffer(String.t()) :: {list(), String.t()}


      


Parse an SSE buffer into events.
Returns {events, remaining_buffer} where events is a list of parsed
JSON maps, {:stream_done, reason} tuples, or {:parse_error, reason} tuples.
Handles edge cases:
	Empty events (ignored)
	Whitespace-only events (ignored)
	Malformed JSON (emits {:parse_error, reason})
	Multiple data fields per event (concatenated per spec)
	Comment lines (ignored)
	Buffer overflow protection

Examples
iex> parse_sse_buffer("data: {\"text\": \"hi\"}\n\n")
{[%{"text" => "hi"}], ""}

iex> parse_sse_buffer("data: partial")
{[], "data: partial"}

iex> parse_sse_buffer("data: [DONE]\n\n")
{[{:stream_done, "stop"}], ""}

  



  
    
      
    
    
      parse_sse_event(event)



        
          
        

    

  


  

      

          @spec parse_sse_event(String.t()) ::
  map() | {:stream_done, String.t()} | {:parse_error, term()} | nil


      


Parse a single SSE event.
Returns parsed JSON map, {:stream_done, reason}, {:parse_error, reason}, or nil.
Handles per SSE spec:
	data: fields (with or without space after colon)
	Multiple data: fields concatenated with newlines
	: prefix for comments (ignored)
	event:, id:, retry: fields (ignored for now)
	Empty lines within events

Examples
iex> parse_sse_event("data: {\"key\": \"value\"}")
%{"key" => "value"}

iex> parse_sse_event("data: [DONE]")
{:stream_done, "stop"}

iex> parse_sse_event(": this is a comment")
nil

iex> parse_sse_event("")
nil

  



    

  
    
      
    
    
      post(url, body, headers, opts \\ [])



        
          
        

    

  


  

      

          @spec post(String.t(), map(), list(), keyword()) :: {:ok, map()} | {:error, term()}


      


Make a non-streaming POST request.
Returns {:ok, body} or {:error, reason}.
Options
	:timeout - Request timeout in ms (default: 60_000)

Error Reasons
	%{status: integer(), body: term()} - HTTP error response
	%Mint.TransportError{} - Network error
	%Jason.DecodeError{} - JSON decode error


  



    

  
    
      
    
    
      stream(url, body, headers, opts \\ [])



        
          
        

    

  


  

      

          @spec stream(String.t(), map(), list(), keyword()) ::
  {:ok, Enumerable.t()} | {:error, term()}


      


Make a streaming POST request with SSE parsing.
Returns {:ok, stream} where stream is an Enumerable of parsed events.
Events are maps with string keys (parsed JSON) or {:stream_done, reason} tuples.
Options
	:timeout - Request timeout in ms (default: 60_000)
	:finch_name - Finch pool name (default: Nous.Finch)

Error Handling
The stream will emit {:stream_error, reason} on errors and then halt.

  


        

      


  

    
Nous.Providers.LMStudio 
    



      
LM Studio local provider implementation.
LM Studio provides a local OpenAI-compatible API server for running
models locally. By default it runs on http://localhost:1234/v1.
Configuration
No API key is required for local usage. Configure the base URL if needed:
config :nous, :lmstudio,
  base_url: "http://localhost:1234/v1"
Or use environment variable:
export LMSTUDIO_BASE_URL="http://localhost:1234/v1"
Usage
# Via Model.parse
model = Nous.Model.parse("lmstudio:my-local-model")

# Direct provider usage
{:ok, response} = Nous.Providers.LMStudio.chat(%{
  "model" => "my-local-model",
  "messages" => [%{"role" => "user", "content" => "Hello"}]
})
Features
LM Studio supports:
	OpenAI-compatible chat completions
	Streaming responses
	Tool/function calling (model-dependent)
	Various open-source models (Llama, Mistral, etc.)


      


      
        Summary


  
    Functions
  


    
      
        api_key(opts \\ [])

      


        Get the API key from options, environment, or application config.



    


    
      
        base_url(opts \\ [])

      


        Get the base URL from options, application config, or default.



    


    
      
        count_tokens(messages)

      


        Count tokens in messages (rough estimate).



    


    
      
        request(model, messages, settings)

      


        High-level request with message conversion, telemetry, and error wrapping.



    


    
      
        request_stream(model, messages, settings)

      


        High-level streaming request with message conversion and telemetry.



    





      


      
        Functions


        


    

  
    
      
    
    
      api_key(opts \\ [])



        
          
        

    

  


  

      

          @spec api_key(keyword()) :: String.t() | nil


      


Get the API key from options, environment, or application config.
Lookup order:
	:api_key option passed directly
	Environment variable (LMSTUDIO_API_KEY)
	Application config: config :nous, lmstudio, api_key: "..."


  



    

  
    
      
    
    
      base_url(opts \\ [])



        
          
        

    

  


  

      

          @spec base_url(keyword()) :: String.t()


      


Get the base URL from options, application config, or default.
Lookup order:
	:base_url option passed directly
	Application config: config :nous, lmstudio, base_url: "..."
	Default: http://localhost:1234/v1


  



  
    
      
    
    
      count_tokens(messages)



        
          
        

    

  


  

      

          @spec count_tokens(list()) :: integer()


      


Count tokens in messages (rough estimate).
Override this in your provider for more accurate counting.

  



  
    
      
    
    
      request(model, messages, settings)



        
          
        

    

  


  

High-level request with message conversion, telemetry, and error wrapping.
Default implementation that:
	Converts messages to provider format
	Builds request params
	Calls chat/2
	Parses response
	Emits telemetry events
	Wraps errors


  



  
    
      
    
    
      request_stream(model, messages, settings)



        
          
        

    

  


  

High-level streaming request with message conversion and telemetry.

  


        

      


  

    
Nous.Providers.OpenAI 
    



      
OpenAI-specific provider implementation.
Extends the generic OpenAI-compatible provider with OpenAI-specific features:
	Structured outputs (response_format with json_schema)
	Predicted outputs
	Reasoning models (o1, o3)
	Future: Responses API, Assistants API, etc.

For generic OpenAI-compatible endpoints (Groq, Together, LM Studio, etc.),
use Nous.Providers.OpenAICompatible instead.
Usage
# Basic chat
{:ok, response} = Nous.Providers.OpenAI.chat(%{
  model: "gpt-4o",
  messages: [%{"role" => "user", "content" => "Hello"}]
})

# With structured output
{:ok, response} = Nous.Providers.OpenAI.chat(%{
  model: "gpt-4o",
  messages: messages,
  response_format: %{
    type: "json_schema",
    json_schema: %{
      name: "response",
      schema: %{type: "object", properties: %{answer: %{type: "string"}}}
    }
  }
})

# Streaming
{:ok, stream} = Nous.Providers.OpenAI.chat_stream(params)
Enum.each(stream, fn event -> IO.inspect(event) end)
Configuration
# In config.exs
config :nous, :openai,
  api_key: "sk-...",
  organization: "org-..."  # optional

      


      
        Summary


  
    Functions
  


    
      
        api_key(opts \\ [])

      


        Get the API key from options, environment, or application config.



    


    
      
        base_url(opts \\ [])

      


        Get the base URL from options, application config, or default.



    


    
      
        count_tokens(messages)

      


        Count tokens in messages (rough estimate).



    


    
      
        reasoning_model?(model)

      


        Check if a model is a reasoning model (o1, o3 series).



    


    
      
        request(model, messages, settings)

      


        High-level request with message conversion, telemetry, and error wrapping.



    


    
      
        request_stream(model, messages, settings)

      


        High-level streaming request with message conversion and telemetry.



    





      


      
        Functions


        


    

  
    
      
    
    
      api_key(opts \\ [])



        
          
        

    

  


  

      

          @spec api_key(keyword()) :: String.t() | nil


      


Get the API key from options, environment, or application config.
Lookup order:
	:api_key option passed directly
	Environment variable (OPENAI_API_KEY)
	Application config: config :nous, openai, api_key: "..."


  



    

  
    
      
    
    
      base_url(opts \\ [])



        
          
        

    

  


  

      

          @spec base_url(keyword()) :: String.t()


      


Get the base URL from options, application config, or default.
Lookup order:
	:base_url option passed directly
	Application config: config :nous, openai, base_url: "..."
	Default: https://api.openai.com/v1


  



  
    
      
    
    
      count_tokens(messages)



        
          
        

    

  


  

      

          @spec count_tokens(list()) :: integer()


      


Count tokens in messages (rough estimate).
Override this in your provider for more accurate counting.

  



  
    
      
    
    
      reasoning_model?(model)



        
          
        

    

  


  

      

          @spec reasoning_model?(String.t()) :: boolean()


      


Check if a model is a reasoning model (o1, o3 series).
Reasoning models have different API requirements:
	No streaming support
	No system messages (use developer messages instead)
	No temperature parameter


  



  
    
      
    
    
      request(model, messages, settings)



        
          
        

    

  


  

High-level request with message conversion, telemetry, and error wrapping.
Default implementation that:
	Converts messages to provider format
	Builds request params
	Calls chat/2
	Parses response
	Emits telemetry events
	Wraps errors


  



  
    
      
    
    
      request_stream(model, messages, settings)



        
          
        

    

  


  

High-level streaming request with message conversion and telemetry.

  


        

      


  

    
Nous.Providers.OpenAICompatible 
    



      
Generic OpenAI-compatible provider implementation.
Works with any server that implements the OpenAI Chat Completions API:
	Groq (api.groq.com)
	Together (api.together.xyz)
	OpenRouter (openrouter.ai)
	LM Studio (localhost)
	Ollama (localhost)
	vLLM (localhost)
	SGLang (localhost)
	Mistral (api.mistral.ai)
	Any other OpenAI-compatible endpoint

For OpenAI-specific features (Responses API, Assistants, etc.), use Nous.Providers.OpenAI.
Usage
# Using with Groq
{:ok, response} = Nous.Providers.OpenAICompatible.chat(
  %{model: "llama-3.1-70b", messages: messages},
  base_url: "https://api.groq.com/openai/v1",
  api_key: System.get_env("GROQ_API_KEY")
)

# Using with local LM Studio
{:ok, response} = Nous.Providers.OpenAICompatible.chat(
  %{model: "qwen2", messages: messages},
  base_url: "http://localhost:1234/v1"
)

# Streaming
{:ok, stream} = Nous.Providers.OpenAICompatible.chat_stream(params, opts)
Enum.each(stream, fn event -> IO.inspect(event) end)

      


      
        Summary


  
    Functions
  


    
      
        api_key(opts \\ [])

      


        Get the API key from options, environment, or application config.



    


    
      
        base_url(opts \\ [])

      


        Get the base URL from options, application config, or default.



    


    
      
        count_tokens(messages)

      


        Count tokens in messages (rough estimate).



    


    
      
        request(model, messages, settings)

      


        High-level request with message conversion, telemetry, and error wrapping.



    


    
      
        request_stream(model, messages, settings)

      


        High-level streaming request with message conversion and telemetry.



    





      


      
        Functions


        


    

  
    
      
    
    
      api_key(opts \\ [])



        
          
        

    

  


  

      

          @spec api_key(keyword()) :: String.t() | nil


      


Get the API key from options, environment, or application config.
Lookup order:
	:api_key option passed directly
	Environment variable (OPENAI_API_KEY)
	Application config: config :nous, openai_compatible, api_key: "..."


  



    

  
    
      
    
    
      base_url(opts \\ [])



        
          
        

    

  


  

      

          @spec base_url(keyword()) :: String.t()


      


Get the base URL from options, application config, or default.
Lookup order:
	:base_url option passed directly
	Application config: config :nous, openai_compatible, base_url: "..."
	Default: https://api.openai.com/v1


  



  
    
      
    
    
      count_tokens(messages)



        
          
        

    

  


  

      

          @spec count_tokens(list()) :: integer()


      


Count tokens in messages (rough estimate).
Override this in your provider for more accurate counting.

  



  
    
      
    
    
      request(model, messages, settings)



        
          
        

    

  


  

High-level request with message conversion, telemetry, and error wrapping.
Default implementation that:
	Converts messages to provider format
	Builds request params
	Calls chat/2
	Parses response
	Emits telemetry events
	Wraps errors


  



  
    
      
    
    
      request_stream(model, messages, settings)



        
          
        

    

  


  

High-level streaming request with message conversion and telemetry.

  


        

      


  

    
Nous.Tool 
    



      
Tool definition for agent function calling.
A tool represents a function that an AI agent can call to retrieve
information or perform actions. Tools are automatically converted to
OpenAI function calling schemas.
Example
defmodule MyTools do
  @doc "Search the database for users"
  def search_users(ctx, query) do
    ctx.deps.database
    |> Database.search(query)
    |> format_results()
  end
end

# Create tool from function
tool = Tool.from_function(&MyTools.search_users/2,
  name: "search_users",
  description: "Search for users in the database"
)

# Convert to OpenAI schema
schema = Tool.to_openai_schema(tool)

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_function(fun, opts \\ [])

      


        Create a tool from a function.



    


    
      
        from_module(module, opts \\ [])

      


        Create a tool from a module implementing Nous.Tool.Behaviour.



    


    
      
        to_openai_schema(tool)

      


        Convert tool to OpenAI function calling schema.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Nous.Tool{
  description: String.t(),
  function: function(),
  module: module() | nil,
  name: String.t(),
  parameters: map(),
  retries: non_neg_integer(),
  takes_ctx: boolean(),
  timeout: non_neg_integer() | nil,
  validate_args: boolean()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      from_function(fun, opts \\ [])



        
          
        

    

  


  

      

          @spec from_function(
  function(),
  keyword()
) :: t()


      


Create a tool from a function.
Automatically extracts function metadata including documentation
and generates a JSON schema for the parameters.
Options
	:name - Custom tool name (default: function name)
	:description - Custom description (default: from @doc)
	:parameters - Custom parameter schema (default: auto-generated)
	:retries - Number of retries on failure (default: 1)
	:timeout - Timeout in milliseconds (default: 30000)
	:validate_args - Whether to validate arguments against schema (default: true)

Examples
# Simple tool
tool = Tool.from_function(&MyTools.calculate/2)

# With custom options
tool = Tool.from_function(&MyTools.search/2,
  name: "search_database",
  description: "Search for records",
  retries: 3,
  timeout: 60_000
)

  



    

  
    
      
    
    
      from_module(module, opts \\ [])



        
          
        

    

  


  

      

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


      


Create a tool from a module implementing Nous.Tool.Behaviour.
Module-based tools are easier to test because dependencies can be
injected through the context.
Options
	:name - Override tool name from metadata
	:description - Override description from metadata
	:parameters - Override parameters from metadata
	:retries - Number of retries on failure (default: 1)
	:timeout - Timeout in milliseconds (default: 30000)
	:validate_args - Whether to validate arguments (default: true)

Example
defmodule MyApp.Tools.Search do
  @behaviour Nous.Tool.Behaviour

  @impl true
  def metadata do
    %{
      name: "search",
      description: "Search the web",
      parameters: %{
        "type" => "object",
        "properties" => %{
          "query" => %{"type" => "string"}
        },
        "required" => ["query"]
      }
    }
  end

  @impl true
  def execute(ctx, %{"query" => query}) do
    http = ctx.deps[:http_client] || MyApp.HTTP
    {:ok, http.search(query)}
  end
end

# Create tool from module
tool = Tool.from_module(MyApp.Tools.Search)

# Override options
tool = Tool.from_module(MyApp.Tools.Search, timeout: 60_000, retries: 3)

  



  
    
      
    
    
      to_openai_schema(tool)



        
          
        

    

  


  

      

          @spec to_openai_schema(t()) :: map()


      


Convert tool to OpenAI function calling schema.
Example
schema = Tool.to_openai_schema(tool)
# %{
#   "type" => "function",
#   "function" => %{
#     "name" => "search_users",
#     "description" => "Search for users",
#     "parameters" => %{...}
#   }
# }

  


        

      


  

    
Nous.Tool.Behaviour behaviour
    



      
Behaviour for tool implementations.
Allows tools to be defined as modules for better testability and organization.
Module-based tools can inject dependencies via the context, making them
easy to test with mocks.
Example
defmodule MyApp.Tools.Search do
  @behaviour Nous.Tool.Behaviour

  @impl true
  def metadata do
    %{
      name: "search",
      description: "Search the web for information",
      parameters: %{
        "type" => "object",
        "properties" => %{
          "query" => %{
            "type" => "string",
            "description" => "The search query"
          }
        },
        "required" => ["query"]
      }
    }
  end

  @impl true
  def execute(ctx, %{"query" => query}) do
    # Inject http_client via deps for testing
    http_client = ctx.deps[:http_client] || Nous.HTTP
    api_key = ctx.deps[:search_api_key]

    case http_client.get("https://api.search.com", query: query, key: api_key) do
      {:ok, results} -> {:ok, format_results(results)}
      {:error, _} = err -> err
    end
  end

  defp format_results(results), do: Enum.map(results, & &1["title"])
end
Testing
defmodule MyApp.Tools.SearchTest do
  use ExUnit.Case

  test "search returns formatted results" do
    mock_http = %{
      get: fn _url, _opts ->
        {:ok, [%{"title" => "Result 1"}, %{"title" => "Result 2"}]}
      end
    }

    ctx = Nous.RunContext.new(%{http_client: mock_http, search_api_key: "test"})

    assert {:ok, ["Result 1", "Result 2"]} =
      MyApp.Tools.Search.execute(ctx, %{"query" => "elixir"})
  end
end
Usage with Agent
agent = Nous.Agent.new("openai:gpt-4",
  tools: [Nous.Tool.from_module(MyApp.Tools.Search)]
)

      


      
        Summary


  
    Callbacks
  


    
      
        execute(ctx, args)

      


        Execute the tool with context and arguments.



    


    
      
        metadata()

      


        Return tool metadata (name, description, parameters).



    





  
    Functions
  


    
      
        get_metadata(module)

      


        Get metadata from a module, using defaults if metadata/0 is not implemented.



    


    
      
        implements?(module)

      


        Check if a module implements the Tool.Behaviour.



    


    
      
        module_to_name(module)

      


        Convert a module name to a tool name.



    





      


      
        Callbacks


        


  
    
      
    
    
      execute(ctx, args)



        
          
        

    

  


  

      

          @callback execute(ctx :: Nous.RunContext.t(), args :: map()) ::
  {:ok, any()} | {:ok, any(), Nous.Tool.ContextUpdate.t()} | {:error, term()}


      


Execute the tool with context and arguments.
The context provides access to dependencies and execution metadata.
Arguments are a map of the parameters passed by the LLM.
Return Values
	{:ok, result} - Success with the result to return to the LLM
	{:ok, result, context_update} - Success with context updates (see Nous.Tool.ContextUpdate)
	{:error, reason} - Failure with error reason


  



  
    
      
    
    
      metadata()


        (optional)


        
          
        

    

  


  

      

          @callback metadata() :: %{name: String.t(), description: String.t(), parameters: map()}


      


Return tool metadata (name, description, parameters).
This callback is optional. If not implemented, the tool name will be
derived from the module name.
Return Value
%{
  name: "tool_name",
  description: "What the tool does",
  parameters: %{
    "type" => "object",
    "properties" => %{...},
    "required" => [...]
  }
}

  


        

      

      
        Functions


        


  
    
      
    
    
      get_metadata(module)



        
          
        

    

  


  

      

          @spec get_metadata(module()) :: map()


      


Get metadata from a module, using defaults if metadata/0 is not implemented.

  



  
    
      
    
    
      implements?(module)



        
          
        

    

  


  

      

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


      


Check if a module implements the Tool.Behaviour.

  



  
    
      
    
    
      module_to_name(module)



        
          
        

    

  


  

      

          @spec module_to_name(module()) :: String.t()


      


Convert a module name to a tool name.
Examples
iex> Nous.Tool.Behaviour.module_to_name(MyApp.Tools.SearchDatabase)
"search_database"

  


        

      


  

    
Nous.Tool.ContextUpdate 
    



      
Structured context updates from tools.
When tools need to update the agent's context (e.g., storing data for later use),
they can return a ContextUpdate along with their result. This provides a clear,
explicit way to modify context state without magic keys.
Example
defmodule MyTools do
  alias Nous.Tool.ContextUpdate

  def add_todo(ctx, %{"text" => text}) do
    todo = %{id: generate_id(), text: text, done: false}
    todos = [todo | ctx.deps[:todos] || []]

    {:ok, %{success: true, todo: todo},
     ContextUpdate.new() |> ContextUpdate.set(:todos, todos)}
  end

  def increment_counter(ctx, _args) do
    count = (ctx.deps[:counter] || 0) + 1

    {:ok, %{count: count},
     ContextUpdate.new() |> ContextUpdate.set(:counter, count)}
  end

  def add_note(ctx, %{"note" => note}) do
    {:ok, %{added: note},
     ContextUpdate.new() |> ContextUpdate.append(:notes, note)}
  end
end
Operations
	set/3 - Replace a key's value
	merge/3 - Deep merge a map into an existing map key
	append/3 - Append an item to a list key
	delete/2 - Remove a key

Integration
The AgentRunner applies these updates to the context deps after tool execution:
case execute_tool(tool, args, ctx) do
  {:ok, result, %ContextUpdate{} = update} ->
    new_ctx = ContextUpdate.apply(update, ctx)
    {:ok, result, new_ctx}

  {:ok, result} ->
    {:ok, result, ctx}
end

      


      
        Summary


  
    Types
  


    
      
        operation()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        append(update, key, item)

      


        Append an item to a list key in context deps.



    


    
      
        apply(context_update, ctx)

      


        Apply all operations to a context, returning the updated context.



    


    
      
        apply_to_run_context(context_update, ctx)

      


        Apply all operations to a RunContext, returning the updated context.



    


    
      
        delete(update, key)

      


        Delete a key from context deps.



    


    
      
        empty?(context_update)

      


        Check if this ContextUpdate has any operations.



    


    
      
        merge(update, key, map)

      


        Deep merge a map into an existing map key in context deps.



    


    
      
        new()

      


        Create a new empty ContextUpdate.



    


    
      
        operations(context_update)

      


        Get the list of operations in this update.



    


    
      
        set(update, key, value)

      


        Set a key to a value in the context deps.



    





      


      
        Types


        


  
    
      
    
    
      operation()



        
          
        

    

  


  

      

          @type operation() ::
  {:set, atom(), any()}
  | {:merge, atom(), map()}
  | {:append, atom(), any()}
  | {:delete, atom()}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Nous.Tool.ContextUpdate{operations: [operation()]}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      append(update, key, item)



        
          
        

    

  


  

      

          @spec append(t(), atom(), any()) :: t()


      


Append an item to a list key in context deps.
If the key doesn't exist or is nil, creates a new list with the item.
Example
ContextUpdate.new()
|> ContextUpdate.append(:history, %{action: "search", query: "elixir"})

  



  
    
      
    
    
      apply(context_update, ctx)



        
          
        

    

  


  

      

          @spec apply(t(), Nous.Agent.Context.t()) :: Nous.Agent.Context.t()


      


Apply all operations to a context, returning the updated context.
Operations are applied in order.
Example
update = ContextUpdate.new()
|> ContextUpdate.set(:key, "value")
|> ContextUpdate.append(:list, "item")

new_ctx = ContextUpdate.apply(update, ctx)

  



  
    
      
    
    
      apply_to_run_context(context_update, ctx)



        
          
        

    

  


  

      

          @spec apply_to_run_context(t(), Nous.RunContext.t()) :: Nous.RunContext.t()


      


Apply all operations to a RunContext, returning the updated context.
For backwards compatibility with tools using RunContext.

  



  
    
      
    
    
      delete(update, key)



        
          
        

    

  


  

      

          @spec delete(t(), atom()) :: t()


      


Delete a key from context deps.
Example
ContextUpdate.new()
|> ContextUpdate.delete(:temp_data)

  



  
    
      
    
    
      empty?(context_update)



        
          
        

    

  


  

      

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


      


Check if this ContextUpdate has any operations.

  



  
    
      
    
    
      merge(update, key, map)



        
          
        

    

  


  

      

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


      


Deep merge a map into an existing map key in context deps.
If the key doesn't exist, it will be created with the map value.
Example
ContextUpdate.new()
|> ContextUpdate.merge(:settings, %{theme: "dark"})

  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: t()


      


Create a new empty ContextUpdate.
Example
update = ContextUpdate.new()
|> ContextUpdate.set(:key, "value")

  



  
    
      
    
    
      operations(context_update)



        
          
        

    

  


  

      

          @spec operations(t()) :: [operation()]


      


Get the list of operations in this update.

  



  
    
      
    
    
      set(update, key, value)



        
          
        

    

  


  

      

          @spec set(t(), atom(), any()) :: t()


      


Set a key to a value in the context deps.
Replaces any existing value for the key.
Example
ContextUpdate.new()
|> ContextUpdate.set(:user_id, 123)

  


        

      


  

    
Nous.Tool.Validator 
    



      
Validates tool arguments against JSON schema.
Provides validation of arguments before tool execution to catch
errors early and provide helpful feedback to the LLM.
Example
schema = %{
  "type" => "object",
  "properties" => %{
    "query" => %{"type" => "string"},
    "limit" => %{"type" => "integer"}
  },
  "required" => ["query"]
}

args = %{"query" => "elixir", "limit" => 10}
{:ok, args} = Validator.validate(args, schema)

# Missing required field
{:error, {:missing_required, ["query"]}} = Validator.validate(%{}, schema)

# Wrong type
{:error, {:type_mismatch, [{"limit", "integer", "string"}]}} =
  Validator.validate(%{"query" => "x", "limit" => "not a number"}, schema)
Integration with ToolExecutor
When tool.validate_args is true, the ToolExecutor will validate
arguments before calling the tool function.
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    Types
  


    
      
        validation_error()

      


    





  
    Functions
  


    
      
        format_error(arg)

      


        Format validation errors into a human-readable string.



    


    
      
        matches_type?(value, arg2)

      


        Check if a value matches a JSON schema type.



    


    
      
        typeof(value)

      


        Get the JSON schema type name for a value.



    


    
      
        validate(args, schema)

      


        Validate arguments against a JSON schema.



    


    
      
        validate!(args, schema)

      


        Validate arguments and raise on error.



    


    
      
        validate_required(args, required)

      


        Validate that all required fields are present.



    


    
      
        validate_types(args, properties)

      


        Validate argument types against schema properties.



    





      


      
        Types


        


  
    
      
    
    
      validation_error()



        
          
        

    

  


  

      

          @type validation_error() ::
  {:missing_required, [String.t()]}
  | {:type_mismatch, [{String.t(), String.t(), String.t()}]}
  | {:validation_failed, String.t()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      format_error(arg)



        
          
        

    

  


  

      

          @spec format_error(validation_error()) :: String.t()


      


Format validation errors into a human-readable string.
Example
error = {:missing_required, ["query", "limit"]}
Validator.format_error(error)
# => "Missing required fields: query, limit"

  



  
    
      
    
    
      matches_type?(value, arg2)



        
          
        

    

  


  

      

          @spec matches_type?(any(), String.t()) :: boolean()


      


Check if a value matches a JSON schema type.
Supports: string, integer, number, boolean, array, object, null
Example
Validator.matches_type?("hello", "string")  # => true
Validator.matches_type?(42, "integer")      # => true
Validator.matches_type?(3.14, "number")     # => true
Validator.matches_type?([1, 2], "array")    # => true
Validator.matches_type?(%{}, "object")      # => true

  



  
    
      
    
    
      typeof(value)



        
          
        

    

  


  

      

          @spec typeof(any()) :: String.t()


      


Get the JSON schema type name for a value.
Example
Validator.typeof("hello")  # => "string"
Validator.typeof(42)       # => "integer"
Validator.typeof(3.14)     # => "number"
Validator.typeof([])       # => "array"
Validator.typeof(%{})      # => "object"
Validator.typeof(nil)      # => "null"

  



  
    
      
    
    
      validate(args, schema)



        
          
        

    

  


  

      

          @spec validate(map(), map()) :: {:ok, map()} | {:error, validation_error()}


      


Validate arguments against a JSON schema.
Parameters
	args - The arguments map to validate
	schema - JSON schema with "properties" and "required" fields

Returns
	{:ok, args} - Arguments are valid
	{:error, reason} - Validation failed

Example
schema = %{
  "type" => "object",
  "properties" => %{
    "name" => %{"type" => "string"}
  },
  "required" => ["name"]
}

Validator.validate(%{"name" => "Alice"}, schema)
# => {:ok, %{"name" => "Alice"}}

  



  
    
      
    
    
      validate!(args, schema)



        
          
        

    

  


  

      

          @spec validate!(map(), map()) :: map()


      


Validate arguments and raise on error.
Useful for tests or when you want to fail fast.
Example
Validator.validate!(args, schema)  # Raises on invalid

  



  
    
      
    
    
      validate_required(args, required)



        
          
        

    

  


  

      

          @spec validate_required(map(), [String.t()]) ::
  :ok | {:error, {:missing_required, [String.t()]}}


      


Validate that all required fields are present.
Example
Validator.validate_required(%{"a" => 1}, ["a", "b"])
# => {:error, {:missing_required, ["b"]}}

  



  
    
      
    
    
      validate_types(args, properties)



        
          
        

    

  


  

      

          @spec validate_types(map(), map()) :: :ok | {:error, {:type_mismatch, list()}}


      


Validate argument types against schema properties.
Example
properties = %{
  "count" => %{"type" => "integer"}
}

Validator.validate_types(%{"count" => "not a number"}, properties)
# => {:error, {:type_mismatch, [{"count", "integer", "string"}]}}

  


        

      


  

    
Nous.ToolExecutor 
    



      
Executes tool functions with retry logic, timeout handling, and error handling.
The ToolExecutor is responsible for:
	Calling tool functions with the correct arguments
	Managing the RunContext
	Implementing retry logic on failures
	Handling timeouts
	Processing ContextUpdate returns
	Logging execution
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    Types
  


    
      
        execute_result()

      


    





  
    Functions
  


    
      
        execute(tool, arguments, ctx)

      


        Execute a tool with the given arguments.



    





      


      
        Types


        


  
    
      
    
    
      execute_result()



        
          
        

    

  


  

      

          @type execute_result() ::
  {:ok, any()} | {:ok, any(), Nous.Tool.ContextUpdate.t()} | {:error, term()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      execute(tool, arguments, ctx)



        
          
        

    

  


  

      

          @spec execute(Nous.Tool.t(), map(), Nous.RunContext.t()) :: execute_result()


      


Execute a tool with the given arguments.
Automatically handles:
	Passing RunContext to tools that need it
	Retrying on failure (up to tool.retries times)
	Timeout enforcement (if tool.timeout is set)
	ContextUpdate extraction from tool results
	Error wrapping and logging

Return Values
	{:ok, result} - Tool executed successfully
	{:ok, result, context_update} - Tool executed and wants to update context
	{:error, reason} - Tool failed after all retries

Examples
ctx = RunContext.new(%{database: MyApp.DB})
arguments = %{"query" => "elixir"}

case ToolExecutor.execute(tool, arguments, ctx) do
  {:ok, result} ->
    # Tool executed successfully
    result

  {:ok, result, context_update} ->
    # Tool executed and wants to update context
    new_ctx = ContextUpdate.apply_to_run_context(context_update, ctx)
    {result, new_ctx}

  {:error, reason} ->
    # Tool failed after all retries
    handle_error(reason)
end

  


        

      


  

    
Nous.ToolSchema 
    



      
Convert tools to different schema formats for various providers.
Different LLM providers expect different tool schema formats:
	OpenAI format: String keys, function wrapper
	Anthropic format: Atom keys, input_schema field
	Custom providers: May require format-specific adaptations

Examples
# Convert to OpenAI format (used by OpenAI, Groq, OpenRouter, local providers)
openai_schema = ToolSchema.to_openai(tool)
# Returns: %{"type" => "function", "function" => %{"name" => "...", ...}}

# Convert to Anthropic format (used by Claude)
anthropic_schema = ToolSchema.to_anthropic(tool)
# Returns: %{name: "...", description: "...", input_schema: %{type: :object, ...}}
The schema conversion preserves all tool metadata while adapting to provider requirements.

      


      
        Summary


  
    Functions
  


    
      
        to_anthropic(tool)

      


        Convert tool to Anthropic tool schema (atom keys).



    


    
      
        to_openai(tool)

      


        Convert tool to OpenAI function calling schema (string keys).



    





      


      
        Functions


        


  
    
      
    
    
      to_anthropic(tool)



        
          
        

    

  


  

      

          @spec to_anthropic(Nous.Tool.t()) :: map()


      


Convert tool to Anthropic tool schema (atom keys).
Anthropic uses a different format with atom keys:
%{
  name: "tool_name",
  description: "Tool description",
  input_schema: %{
type: "object",
properties: %{...},
required: [...]
  }
}

  



  
    
      
    
    
      to_openai(tool)



        
          
        

    

  


  

      

          @spec to_openai(Nous.Tool.t()) :: map()


      


Convert tool to OpenAI function calling schema (string keys).

  


        

      


  

    
Nous.Tool.Testing 
    



      
Test helpers for tools.
Provides utilities for creating mock tools, spy tools, and test contexts
to make tool testing easier.
Mock Tools
Create tools that return fixed results:
test "agent handles search results" do
  mock_search = Tool.Testing.mock_tool("search", %{results: ["a", "b"]})

  agent = Agent.new("test:model", tools: [mock_search])
  # Agent will receive mock results when it calls the search tool
end
Spy Tools
Create tools that record all calls for verification:
test "agent uses search tool correctly" do
  {spy_tool, calls} = Tool.Testing.spy_tool("search", result: %{found: true})

  agent = Agent.new("test:model", tools: [spy_tool])
  Agent.run(agent, "Search for elixir")

  recorded = Tool.Testing.get_calls(calls)
  assert length(recorded) == 1
  assert {_ctx, %{"query" => "elixir"}} = hd(recorded)
end
Test Contexts
Create contexts with test dependencies:
test "database tool queries correctly" do
  mock_db = %{query: fn sql -> [%{id: 1}] end}
  ctx = Tool.Testing.test_context(%{database: mock_db})

  assert {:ok, [%{id: 1}]} = MyTools.DatabaseTool.execute(ctx, %{"sql" => "SELECT *"})
end

      


      
        Summary


  
    Functions
  


    
      
        assert_called(agent, expected_args)

      


        Assert that a spy tool was called with specific arguments.



    


    
      
        assert_not_called(agent)

      


        Assert that a spy tool was NOT called.



    


    
      
        call_count(agent)

      


        Get the count of recorded calls.



    


    
      
        clear_calls(agent)

      


        Clear recorded calls from a spy tool.



    


    
      
        error_tool(name, error_reason, opts \\ [])

      


        Create a tool that returns an error tuple.



    


    
      
        failing_tool(name, opts \\ [])

      


        Create a failing tool that raises an error.



    


    
      
        get_calls(agent)

      


        Get recorded calls from a spy tool.



    


    
      
        mock_tool(name, result, opts \\ [])

      


        Create a mock tool that returns a fixed result.



    


    
      
        mock_tool_fn(name, result_fn, opts \\ [])

      


        Create a mock tool that returns different results based on a function.



    


    
      
        slow_tool(name, sleep_ms, result, opts \\ [])

      


        Create a tool that sleeps for a duration before returning.



    


    
      
        spy_tool(name, opts \\ [])

      


        Create a spy tool that records all calls.



    


    
      
        spy_tool_fn(name, result_fn, opts \\ [])

      


        Create a spy tool that can return different results and track calls.



    


    
      
        test_agent_context(deps \\ %{}, opts \\ [])

      


        Create an Agent.Context with test configuration.



    


    
      
        test_context(deps \\ %{}, opts \\ [])

      


        Create a RunContext with test dependencies.



    





      


      
        Functions


        


  
    
      
    
    
      assert_called(agent, expected_args)



        
          
        

    

  


  

      

          @spec assert_called(pid(), map()) :: :ok


      


Assert that a spy tool was called with specific arguments.
Example
Tool.Testing.assert_called(calls, %{"query" => "elixir"})

  



  
    
      
    
    
      assert_not_called(agent)



        
          
        

    

  


  

      

          @spec assert_not_called(pid()) :: :ok


      


Assert that a spy tool was NOT called.
Example
Tool.Testing.assert_not_called(calls)

  



  
    
      
    
    
      call_count(agent)



        
          
        

    

  


  

      

          @spec call_count(pid()) :: non_neg_integer()


      


Get the count of recorded calls.
Example
assert Tool.Testing.call_count(calls) == 3

  



  
    
      
    
    
      clear_calls(agent)



        
          
        

    

  


  

      

          @spec clear_calls(pid()) :: :ok


      


Clear recorded calls from a spy tool.
Example
Tool.Testing.clear_calls(calls)

  



    

  
    
      
    
    
      error_tool(name, error_reason, opts \\ [])



        
          
        

    

  


  

      

          @spec error_tool(String.t(), term(), keyword()) :: Nous.Tool.t()


      


Create a tool that returns an error tuple.
Example
error_tool = Tool.Testing.error_tool("api", :connection_refused)

  



    

  
    
      
    
    
      failing_tool(name, opts \\ [])



        
          
        

    

  


  

      

          @spec failing_tool(
  String.t(),
  keyword()
) :: Nous.Tool.t()


      


Create a failing tool that raises an error.
Useful for testing error handling.
Options
	:error - The error to raise (default: RuntimeError)
	:message - Error message (default: "Tool failed")

Example
failing = Tool.Testing.failing_tool("broken", message: "Connection timeout")

  



  
    
      
    
    
      get_calls(agent)



        
          
        

    

  


  

      

          @spec get_calls(pid()) :: [{Nous.RunContext.t(), map()}]


      


Get recorded calls from a spy tool.
Returns calls in chronological order (oldest first).
Example
{spy, calls} = Tool.Testing.spy_tool("search")
# ... use spy ...
recorded = Tool.Testing.get_calls(calls)
assert [{ctx1, args1}, {ctx2, args2}] = recorded

  



    

  
    
      
    
    
      mock_tool(name, result, opts \\ [])



        
          
        

    

  


  

      

          @spec mock_tool(String.t(), any(), keyword()) :: Nous.Tool.t()


      


Create a mock tool that returns a fixed result.
Options
	:description - Tool description (default: "Mock tool for testing")
	:parameters - Tool parameters schema (default: empty object)

Example
mock = Tool.Testing.mock_tool("search", %{results: []})

  



    

  
    
      
    
    
      mock_tool_fn(name, result_fn, opts \\ [])



        
          
        

    

  


  

      

          @spec mock_tool_fn(String.t(), (Nous.RunContext.t(), map() -> any()), keyword()) ::
  Nous.Tool.t()


      


Create a mock tool that returns different results based on a function.
The function receives (ctx, args) and should return the result.
Example
mock = Tool.Testing.mock_tool_fn("calculate", fn _ctx, %{"op" => "add", "a" => a, "b" => b} ->
  a + b
end)

  



    

  
    
      
    
    
      slow_tool(name, sleep_ms, result, opts \\ [])



        
          
        

    

  


  

      

          @spec slow_tool(String.t(), non_neg_integer(), any(), keyword()) :: Nous.Tool.t()


      


Create a tool that sleeps for a duration before returning.
Useful for testing timeouts.
Example
slow_tool = Tool.Testing.slow_tool("api_call", 5000, %{result: "ok"})

  



    

  
    
      
    
    
      spy_tool(name, opts \\ [])



        
          
        

    

  


  

      

          @spec spy_tool(
  String.t(),
  keyword()
) :: {Nous.Tool.t(), pid()}


      


Create a spy tool that records all calls.
Returns a tuple of {tool, calls_agent} where calls_agent is an Agent process
that stores all calls. Use get_calls/1 to retrieve recorded calls.
Options
	:result - Result to return from the tool (default: %{success: true})
	:description - Tool description
	:parameters - Tool parameters schema

Example
{spy, calls} = Tool.Testing.spy_tool("search")
# ... use spy in agent ...
recorded = Tool.Testing.get_calls(calls)

  



    

  
    
      
    
    
      spy_tool_fn(name, result_fn, opts \\ [])



        
          
        

    

  


  

      

          @spec spy_tool_fn(String.t(), (Nous.RunContext.t(), map() -> any()), keyword()) ::
  {Nous.Tool.t(), pid()}


      


Create a spy tool that can return different results and track calls.
Similar to spy_tool/2 but accepts a function to determine the result.
Example
{spy, calls} = Tool.Testing.spy_tool_fn("search", fn ctx, args ->
  # Custom logic to determine result
  %{query: args["query"], found: true}
end)

  



    

    

  
    
      
    
    
      test_agent_context(deps \\ %{}, opts \\ [])



        
          
        

    

  


  

      

          @spec test_agent_context(
  map(),
  keyword()
) :: Nous.Agent.Context.t()


      


Create an Agent.Context with test configuration.
Options
	:messages - Initial messages
	:system_prompt - System prompt
	:max_iterations - Max iterations (default: 10)

Example
ctx = Tool.Testing.test_agent_context(%{database: mock_db},
  system_prompt: "Be helpful"
)

  



    

    

  
    
      
    
    
      test_context(deps \\ %{}, opts \\ [])



        
          
        

    

  


  

      

          @spec test_context(
  map(),
  keyword()
) :: Nous.RunContext.t()


      


Create a RunContext with test dependencies.
Options
	:retry - Retry count (default: 0)
	:usage - Usage struct (default: empty)

Example
ctx = Tool.Testing.test_context(%{
  database: mock_db,
  http_client: mock_http
})

  


        

      


  

    
Nous.PromptTemplate 
    



      
EEx-based prompt templates for building messages.
Supports variable substitution, role assignment, and composition
of messages for agent interactions.
Simple Usage
template = PromptTemplate.from_template(
  "You are a <%= @role %> assistant that speaks <%= @language %>.",
  role: :system
)

message = PromptTemplate.to_message(template, %{role: "helpful", language: "Spanish"})
# => %Message{role: :system, content: "You are a helpful assistant that speaks Spanish."}
Building Message Lists
messages = PromptTemplate.to_messages([
  PromptTemplate.from_template("You are <%= @persona %>", role: :system),
  PromptTemplate.from_template("Tell me about <%= @topic %>", role: :user)
], %{persona: "a historian", topic: "ancient Rome"})

# Use with Agent.run
Agent.run(agent, messages: messages)
Default Values
template = PromptTemplate.from_template(
  "Search for <%= @query %> with limit <%= @limit %>",
  inputs: %{limit: 10}
)

# Only need to provide query, limit has a default
formatted = PromptTemplate.format(template, %{query: "elixir"})
# => "Search for elixir with limit 10"
Conditional Content
Since templates use EEx, you can use conditionals:
template = PromptTemplate.from_template("""
You are a helpful assistant.
<%= if @include_tools do %>
You have access to these tools: <%= @tools %>
<% end %>
""")
String Templates
For simple string templates without Message conversion:
text = PromptTemplate.format_string(
  "Hello, <%= @name %>!",
  %{name: "World"}
)
# => "Hello, World!"

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        assistant(text, opts \\ [])

      


        Create an assistant message template.



    


    
      
        build_messages(items, bindings \\ %{})

      


        Create messages from a list of role/content tuples with shared bindings.



    


    
      
        compose(templates, separator \\ "\n")

      


        Compose multiple templates into a single template.



    


    
      
        extract_variables(text)

      


        Extract variable names from a template string.



    


    
      
        format(prompt_template, bindings \\ %{})

      


        Format template with variable substitution.



    


    
      
        format_string(text, bindings)

      


        Format a string template directly without creating a PromptTemplate struct.



    


    
      
        from_template(text, opts \\ [])

      


        Create a template from a string with <%= @var %> placeholders.



    


    
      
        system(text, opts \\ [])

      


        Create a system message template.



    


    
      
        to_message(template, bindings \\ %{})

      


        Convert template to Message with variable substitution.



    


    
      
        to_messages(items, bindings \\ %{})

      


        Convert list of templates and/or messages to messages.



    


    
      
        user(text, opts \\ [])

      


        Create a user message template.



    


    
      
        validate_bindings(template, bindings)

      


        Check if all required variables are present in bindings.



    


    
      
        variables(prompt_template)

      


        Extract all variable names from a template.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Nous.PromptTemplate{
  inputs: map(),
  role: :system | :user | :assistant,
  text: String.t()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      assistant(text, opts \\ [])



        
          
        

    

  


  

      

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


      


Create an assistant message template.
Shorthand for from_template(text, role: :assistant).
Example
template = PromptTemplate.assistant("I understand you want <%= @action %>")

  



    

  
    
      
    
    
      build_messages(items, bindings \\ %{})



        
          
        

    

  


  

      

          @spec build_messages([{atom(), String.t()}], map()) :: [Nous.Message.t()]


      


Create messages from a list of role/content tuples with shared bindings.
Convenient for building message lists inline.
Example
messages = PromptTemplate.build_messages([
  {:system, "You are a <%= @role %> assistant"},
  {:user, "Hello, my name is <%= @name %>"}
], %{role: "helpful", name: "Alice"})

  



    

  
    
      
    
    
      compose(templates, separator \\ "\n")



        
          
        

    

  


  

      

          @spec compose([t()], String.t()) :: t()


      


Compose multiple templates into a single template.
Joins templates with the specified separator.
Example
intro = system("You are a helpful assistant.")
rules = system("Follow these rules: <%= @rules %>")

combined = compose([intro, rules], "\n\n")
# Creates a single :system template with both texts joined

  



  
    
      
    
    
      extract_variables(text)



        
          
        

    

  


  

      

          @spec extract_variables(String.t()) :: [atom()]


      


Extract variable names from a template string.
Example
PromptTemplate.extract_variables("Hello <%= @name %>!")
# => [:name]

  



    

  
    
      
    
    
      format(prompt_template, bindings \\ %{})



        
          
        

    

  


  

      

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


      


Format template with variable substitution.
Merges provided bindings with default inputs (bindings take precedence).
Example
template = from_template("Hello, <%= @name %>!", inputs: %{name: "World"})

format(template, %{})        # => "Hello, World!"
format(template, %{name: "Elixir"})  # => "Hello, Elixir!"

  



  
    
      
    
    
      format_string(text, bindings)



        
          
        

    

  


  

      

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


      


Format a string template directly without creating a PromptTemplate struct.
Example
PromptTemplate.format_string("Hello, <%= @name %>!", %{name: "World"})
# => "Hello, World!"

  



    

  
    
      
    
    
      from_template(text, opts \\ [])



        
          
        

    

  


  

      

          @spec from_template(
  String.t(),
  keyword()
) :: t()


      


Create a template from a string with <%= @var %> placeholders.
Options
	:role - Message role (:system, :user, :assistant). Default: :user
	:inputs - Default variable values. Default: %{}

Example
template = PromptTemplate.from_template(
  "You are a <%= @role %> assistant.",
  role: :system,
  inputs: %{role: "helpful"}
)

  



    

  
    
      
    
    
      system(text, opts \\ [])



        
          
        

    

  


  

      

          @spec system(
  String.t(),
  keyword()
) :: t()


      


Create a system message template.
Shorthand for from_template(text, role: :system).
Example
template = PromptTemplate.system("You are a <%= @persona %>")

  



    

  
    
      
    
    
      to_message(template, bindings \\ %{})



        
          
        

    

  


  

      

          @spec to_message(t(), map()) :: Nous.Message.t()


      


Convert template to Message with variable substitution.
Example
template = from_template("You are a <%= @role %> assistant", role: :system)
message = to_message(template, %{role: "helpful"})
# => %Message{role: :system, content: "You are a helpful assistant"}

  



    

  
    
      
    
    
      to_messages(items, bindings \\ %{})



        
          
        

    

  


  

      

          @spec to_messages([t() | Nous.Message.t()], map()) :: [Nous.Message.t()]


      


Convert list of templates and/or messages to messages.
Items can be:
	%PromptTemplate{} - Will be formatted with bindings
	%Message{} - Passed through unchanged

Example
messages = to_messages([
  PromptTemplate.system("You are <%= @persona %>"),
  Message.user("Hello"),
  PromptTemplate.user("Tell me about <%= @topic %>")
], %{persona: "helpful", topic: "Elixir"})

  



    

  
    
      
    
    
      user(text, opts \\ [])



        
          
        

    

  


  

      

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


      


Create a user message template.
Shorthand for from_template(text, role: :user).
Example
template = PromptTemplate.user("Tell me about <%= @topic %>")

  



  
    
      
    
    
      validate_bindings(template, bindings)



        
          
        

    

  


  

      

          @spec validate_bindings(t(), map()) :: {:ok, map()} | {:error, [atom()]}


      


Check if all required variables are present in bindings.
Returns {:ok, bindings} if all variables are present,
or {:error, missing_vars} if some are missing.
Example
template = from_template("Hello <%= @name %>, age <%= @age %>")

validate_bindings(template, %{name: "Alice", age: 30})
# => {:ok, %{name: "Alice", age: 30}}

validate_bindings(template, %{name: "Alice"})
# => {:error, [:age]}

  



  
    
      
    
    
      variables(prompt_template)



        
          
        

    

  


  

      

          @spec variables(t()) :: [atom()]


      


Extract all variable names from a template.
Useful for validation or documentation.
Example
template = from_template("Hello <%= @name %>, you are <%= @age %> years old")
variables(template)
# => [:name, :age]

  


        

      


  

    
Nous.Messages 
    



      
Utilities for working with conversations and message lists.
This module provides functions to:
	Work with lists of messages (conversations)
	Convert between internal format and provider-specific formats
	Extract data from conversations
	Parse provider responses into internal format

Message Format
We use Nous.Message structs with standard roles:
	%Message{role: :system} - System instructions
	%Message{role: :user} - User input (text or multi-modal)
	%Message{role: :assistant} - AI responses (with optional tool calls)
	%Message{role: :tool} - Tool execution results

Example
# Build conversation
conversation = [
  Message.system("You are a helpful assistant"),
  Message.user("What is 2+2?"),
  Message.assistant("2+2 equals 4")
]

# Convert to provider format
openai_messages = Messages.to_openai_format(conversation)
anthropic_messages = Messages.to_anthropic_format(conversation)

# Parse provider response
response = Messages.from_openai_response(openai_response)
# => %Message{role: :assistant, content: "4"}

      


      
        Summary


  
    Functions
  


    
      
        count_by_role(messages)

      


        Count messages by role.



    


    
      
        extract_text(messages)

      


        Extract text content from messages in a conversation.



    


    
      
        extract_tool_calls(messages)

      


        Extract tool calls from a conversation.



    


    
      
        find_by_role(messages, role)

      


        Find messages by role in a conversation.



    


    
      
        from_anthropic_response(response)

      


        Parse Anthropic response into a Message.



    


    
      
        from_gemini_response(response)

      


        Parse Gemini response into a Message.



    


    
      
        from_openai_response(response)

      


        Parse OpenAI response into a Message.



    


    
      
        from_provider_response(response, provider)

      


        Parse provider response into a Message.



    


    
      
        last_message(messages)

      


        Get the last message from a conversation.



    


    
      
        normalize_format(messages)

      


        Normalize any message format to internal Message representation.



    


    
      
        to_anthropic_format(messages)

      


        Convert messages to Anthropic format.



    


    
      
        to_gemini_format(messages)

      


        Convert messages to Gemini format.



    


    
      
        to_openai_format(messages)

      


        Convert messages to OpenAI format.



    


    
      
        to_provider_format(messages, provider)

      


        Convert messages to provider-specific format.



    





      


      
        Functions


        


  
    
      
    
    
      count_by_role(messages)



        
          
        

    

  


  

      

          @spec count_by_role([Nous.Message.t()]) :: map()


      


Count messages by role.
Examples
iex> conversation = [Message.system("Hi"), Message.user("Hello"), Message.user("World")]
iex> Messages.count_by_role(conversation)
%{system: 1, user: 2, assistant: 0, tool: 0}

  



  
    
      
    
    
      extract_text(messages)



        
          
        

    

  


  

      

          @spec extract_text([Nous.Message.t()] | Nous.Message.t()) :: [String.t()] | String.t()


      


Extract text content from messages in a conversation.
Examples
iex> conversation = [Message.system("Be helpful"), Message.user("Hello")]
iex> Messages.extract_text(conversation)
["Be helpful", "Hello"]

iex> message = Message.user("Hi there")
iex> Messages.extract_text(message)
"Hi there"

  



  
    
      
    
    
      extract_tool_calls(messages)



        
          
        

    

  


  

      

          @spec extract_tool_calls([Nous.Message.t()]) :: [map()]


      


Extract tool calls from a conversation.
Returns all tool calls found in assistant messages.
Examples
iex> conversation = [
...>   Message.assistant("Let me search", tool_calls: [%{id: "call_1", name: "search", arguments: %{}}])
...> ]
iex> Messages.extract_tool_calls(conversation)
[%{id: "call_1", name: "search", arguments: %{}}]

  



  
    
      
    
    
      find_by_role(messages, role)



        
          
        

    

  


  

      

          @spec find_by_role([Nous.Message.t()], atom()) :: [Nous.Message.t()]


      


Find messages by role in a conversation.
Examples
iex> conversation = [Message.system("Be helpful"), Message.user("Hello")]
iex> Messages.find_by_role(conversation, :system)
[%Message{role: :system, content: "Be helpful"}]

  



  
    
      
    
    
      from_anthropic_response(response)



        
          
        

    

  


  

      

          @spec from_anthropic_response(map()) :: Nous.Message.t()


      


Parse Anthropic response into a Message.
Examples
iex> anthropic_response = %{
...>   "content" => [%{"type" => "text", "text" => "Hello"}],
...>   "model" => "claude-3-sonnet"
...> }
iex> Messages.from_anthropic_response(anthropic_response)
%Message{role: :assistant, content: "Hello"}

  



  
    
      
    
    
      from_gemini_response(response)



        
          
        

    

  


  

      

          @spec from_gemini_response(map()) :: Nous.Message.t()


      


Parse Gemini response into a Message.
Examples
iex> gemini_response = %{
...>   "candidates" => [%{"content" => %{"parts" => [%{"text" => "Hello"}]}}]
...> }
iex> Messages.from_gemini_response(gemini_response)
%Message{role: :assistant, content: "Hello"}

  



  
    
      
    
    
      from_openai_response(response)



        
          
        

    

  


  

      

          @spec from_openai_response(map()) :: Nous.Message.t()


      


Parse OpenAI response into a Message.
Examples
iex> openai_response = %{
...>   "choices" => [%{"message" => %{"role" => "assistant", "content" => "Hello"}}],
...>   "usage" => %{"total_tokens" => 10}
...> }
iex> Messages.from_openai_response(openai_response)
%Message{role: :assistant, content: "Hello"}

  



  
    
      
    
    
      from_provider_response(response, provider)



        
          
        

    

  


  

      

          @spec from_provider_response(map(), atom()) :: Nous.Message.t()


      


Parse provider response into a Message.
Dispatches to appropriate provider-specific parser.
Examples
iex> Messages.from_provider_response(openai_response, :openai)
%Message{role: :assistant, content: "Hello"}

  



  
    
      
    
    
      last_message(messages)



        
          
        

    

  


  

      

          @spec last_message([Nous.Message.t()]) :: Nous.Message.t() | nil


      


Get the last message from a conversation.
Examples
iex> conversation = [Message.user("Hi"), Message.assistant("Hello")]
iex> Messages.last_message(conversation)
%Message{role: :assistant, content: "Hello"}

  



  
    
      
    
    
      normalize_format(messages)



        
          
        

    

  


  

      

          @spec normalize_format(any()) :: [Nous.Message.t()]


      


Normalize any message format to internal Message representation.
Attempts to detect format and convert to Message structs.
Examples
iex> Messages.normalize_format([%{"role" => "user", "content" => "Hi"}])
[%Message{role: :user, content: "Hi"}]

  



  
    
      
    
    
      to_anthropic_format(messages)



        
          
        

    

  


  

      

          @spec to_anthropic_format([Nous.Message.t()]) :: {String.t() | nil, [map()]}


      


Convert messages to Anthropic format.
Returns {system_prompt, messages} where system prompt is extracted
and combined, and messages are converted to Anthropic format.
Examples
iex> conversation = [Message.system("Be helpful"), Message.user("Hello")]
iex> Messages.to_anthropic_format(conversation)
{"Be helpful", [%{"role" => "user", "content" => "Hello"}]}

  



  
    
      
    
    
      to_gemini_format(messages)



        
          
        

    

  


  

      

          @spec to_gemini_format([Nous.Message.t()]) :: {String.t() | nil, [map()]}


      


Convert messages to Gemini format.
Returns {system_prompt, contents} where system prompt is extracted
and messages are converted to Gemini contents format.
Examples
iex> conversation = [Message.system("Be helpful"), Message.user("Hello")]
iex> Messages.to_gemini_format(conversation)
{"Be helpful", [%{"role" => "user", "parts" => [%{"text" => "Hello"}]}]}

  



  
    
      
    
    
      to_openai_format(messages)



        
          
        

    

  


  

      

          @spec to_openai_format([Nous.Message.t()]) :: [map()]


      


Convert messages to OpenAI format.
Examples
iex> conversation = [Message.system("Be helpful"), Message.user("Hello")]
iex> Messages.to_openai_format(conversation)
[
  %{"role" => "system", "content" => "Be helpful"},
  %{"role" => "user", "content" => "Hello"}
]

  



  
    
      
    
    
      to_provider_format(messages, provider)



        
          
        

    

  


  

      

          @spec to_provider_format([Nous.Message.t()], atom()) :: any()


      


Convert messages to provider-specific format.
Dispatches to the appropriate provider-specific conversion function.
Examples
iex> conversation = [Message.system("Be helpful"), Message.user("Hello")]
iex> Messages.to_provider_format(conversation, :openai)
[%{"role" => "system", "content" => "Be helpful"}, %{"role" => "user", "content" => "Hello"}]

iex> Messages.to_provider_format(conversation, :anthropic)
{"Be helpful", [%{"role" => "user", "content" => "Hello"}]}

  


        

      


  

    
Nous.Types 
    



      
Core type definitions for Nous AI.
This module defines all the types used throughout the library.
No functions, just type specifications for documentation and Dialyzer.

      


      
        Summary


  
    Types
  


    
      
        content()

      


        Message content - can be text or multi-modal.



    


    
      
        message()

      


        Any message type



    


    
      
        model()

      


        Model identifier - provider:model string



    


    
      
        model_request()

      


        Model request message.



    


    
      
        model_response()

      


        Model response message.



    


    
      
        output_type()

      


        Output type specification - :string or an Ecto schema module



    


    
      
        request_part()

      


        Message parts that can appear in requests to the model



    


    
      
        response_part()

      


        Message parts that can appear in responses from the model



    


    
      
        stream_event()

      


        Stream event types



    


    
      
        system_prompt_part()

      


        System prompt message part



    


    
      
        text_part()

      


        Text response part from model



    


    
      
        thinking_part()

      


        Thinking/reasoning part from model



    


    
      
        tool_call()

      


        Tool call information from the model.



    


    
      
        tool_call_part()

      


        Tool call part from model



    


    
      
        tool_return()

      


        Tool return information sent back to the model.



    


    
      
        tool_return_part()

      


        Tool return message part



    


    
      
        user_prompt_part()

      


        User prompt message part



    





      


      
        Types


        


  
    
      
    
    
      content()



        
          
        

    

  


  

      

          @type content() ::
  String.t()
  | {:text, String.t()}
  | {:image_url, String.t()}
  | {:audio_url, String.t()}
  | {:document_url, String.t()}


      


Message content - can be text or multi-modal.
Examples
"Just text"
{:text, "Formatted text"}
{:image_url, "https://example.com/image.png"}

  



  
    
      
    
    
      message()



        
          
        

    

  


  

      

          @type message() :: model_request() | model_response()


      


Any message type

  



  
    
      
    
    
      model()



        
          
        

    

  


  

      

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


      


Model identifier - provider:model string

  



  
    
      
    
    
      model_request()



        
          
        

    

  


  

      

          @type model_request() :: %{parts: [request_part()], timestamp: DateTime.t()}


      


Model request message.
A message we send to the model.

  



  
    
      
    
    
      model_response()



        
          
        

    

  


  

      

          @type model_response() :: %{
  parts: [response_part()],
  usage: Nous.Usage.t(),
  model_name: String.t(),
  timestamp: DateTime.t()
}


      


Model response message.
A message we receive from the model, including usage information.

  



  
    
      
    
    
      output_type()



        
          
        

    

  


  

      

          @type output_type() :: :string | module()


      


Output type specification - :string or an Ecto schema module

  



  
    
      
    
    
      request_part()



        
          
        

    

  


  

      

          @type request_part() :: system_prompt_part() | user_prompt_part() | tool_return_part()


      


Message parts that can appear in requests to the model

  



  
    
      
    
    
      response_part()



        
          
        

    

  


  

      

          @type response_part() :: text_part() | tool_call_part() | thinking_part()


      


Message parts that can appear in responses from the model

  



  
    
      
    
    
      stream_event()



        
          
        

    

  


  

      

          @type stream_event() ::
  {:text_delta, String.t()}
  | {:thinking_delta, String.t()}
  | {:tool_call_delta, any()}
  | {:finish, String.t()}
  | {:complete, any()}
  | {:error, term()}


      


Stream event types

  



  
    
      
    
    
      system_prompt_part()



        
          
        

    

  


  

      

          @type system_prompt_part() :: {:system_prompt, String.t()}


      


System prompt message part

  



  
    
      
    
    
      text_part()



        
          
        

    

  


  

      

          @type text_part() :: {:text, String.t()}


      


Text response part from model

  



  
    
      
    
    
      thinking_part()



        
          
        

    

  


  

      

          @type thinking_part() :: {:thinking, String.t()}


      


Thinking/reasoning part from model

  



  
    
      
    
    
      tool_call()



        
          
        

    

  


  

      

          @type tool_call() :: %{id: String.t(), name: String.t(), arguments: map()}


      


Tool call information from the model.
The model requests to call a tool with these parameters.

  



  
    
      
    
    
      tool_call_part()



        
          
        

    

  


  

      

          @type tool_call_part() :: {:tool_call, tool_call()}


      


Tool call part from model

  



  
    
      
    
    
      tool_return()



        
          
        

    

  


  

      

          @type tool_return() :: %{call_id: String.t(), result: any()}


      


Tool return information sent back to the model.
The result of executing a tool call.

  



  
    
      
    
    
      tool_return_part()



        
          
        

    

  


  

      

          @type tool_return_part() :: {:tool_return, tool_return()}


      


Tool return message part

  



  
    
      
    
    
      user_prompt_part()



        
          
        

    

  


  

      

          @type user_prompt_part() :: {:user_prompt, String.t() | [content()]}


      


User prompt message part

  


        

      


  

    
Nous.Usage 
    



      
Tracks resource usage for agent runs.
Usage tracking helps monitor costs and performance across agent executions.
You can aggregate usage from multiple agent runs to track total consumption.
Example
usage = Usage.new()
usage = Usage.inc_requests(usage)
usage = Usage.add_tokens(usage, input: 100, output: 50)
IO.inspect(usage.total_tokens) # 150

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        add(u1, u2)

      


        Add two usage trackers together.



    


    
      
        add_tokens(usage, opts)

      


        Add token counts from options.



    


    
      
        from_openai(openai_usage)

      


        Create usage from OpenAI API usage format.



    


    
      
        inc_requests(usage)

      


        Increment request count by 1.



    


    
      
        inc_tool_calls(usage, count \\ 1)

      


        Increment tool call count.



    


    
      
        new()

      


        Create a new empty usage tracker.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Nous.Usage{
  input_tokens: non_neg_integer(),
  output_tokens: non_neg_integer(),
  requests: non_neg_integer(),
  tool_calls: non_neg_integer(),
  total_tokens: non_neg_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      add(u1, u2)



        
          
        

    

  


  

      

          @spec add(t(), t()) :: t()


      


Add two usage trackers together.
Useful for aggregating usage across multiple agent runs.
Example
usage1 = %Usage{requests: 1, total_tokens: 100}
usage2 = %Usage{requests: 2, total_tokens: 200}
total = Usage.add(usage1, usage2)
# %Usage{requests: 3, total_tokens: 300}

  



  
    
      
    
    
      add_tokens(usage, opts)



        
          
        

    

  


  

      

          @spec add_tokens(
  t(),
  keyword()
) :: t()


      


Add token counts from options.
Options
	:input - Number of input tokens (default: 0)
	:output - Number of output tokens (default: 0)

Example
usage = Usage.new()
usage = Usage.add_tokens(usage, input: 50, output: 30)
# %Usage{input_tokens: 50, output_tokens: 30, total_tokens: 80}

  



  
    
      
    
    
      from_openai(openai_usage)



        
          
        

    

  


  

      

          @spec from_openai(map()) :: t()


      


Create usage from OpenAI API usage format.
Converts the usage object from OpenAI responses to our format.
Example
openai_usage = %{
  prompt_tokens: 100,
  completion_tokens: 50,
  total_tokens: 150
}
usage = Usage.from_openai(openai_usage)
# %Usage{input_tokens: 100, output_tokens: 50, total_tokens: 150}

  



  
    
      
    
    
      inc_requests(usage)



        
          
        

    

  


  

      

          @spec inc_requests(t()) :: t()


      


Increment request count by 1.
Example
usage = Usage.new() |> Usage.inc_requests()
# %Usage{requests: 1, ...}

  



    

  
    
      
    
    
      inc_tool_calls(usage, count \\ 1)



        
          
        

    

  


  

      

          @spec inc_tool_calls(t(), non_neg_integer()) :: t()


      


Increment tool call count.
Example
usage = Usage.new() |> Usage.inc_tool_calls(3)
# %Usage{tool_calls: 3, ...}

  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: t()


      


Create a new empty usage tracker.
Example
usage = Usage.new()
# %Usage{requests: 0, total_tokens: 0, ...}

  


        

      


  

    
Nous.Errors 
    



      
Custom error types for Nous AI.
These exceptions provide structured error information for different
failure scenarios in agent execution.

      




  

    
Nous.Telemetry 
    



      
Telemetry integration for Nous AI.
Nous executes the following Telemetry events:
Agent Events
	[:nous, :agent, :run, :start] - Dispatched before agent execution starts
	Measurement: %{system_time: native_time, monotonic_time: monotonic_time}
	Metadata: %{agent_name: string, model_provider: atom, model_name: string, tool_count: integer, has_tools: boolean}


	[:nous, :agent, :run, :stop] - Dispatched after agent execution completes
	Measurement: %{duration: native_time, total_tokens: integer, input_tokens: integer, output_tokens: integer, tool_calls: integer, requests: integer, iterations: integer}
	Metadata: %{agent_name: string, model_provider: atom, model_name: string}


	[:nous, :agent, :run, :exception] - Dispatched when agent execution fails
	Measurement: %{duration: native_time}
	Metadata: %{agent_name: string, model_provider: atom, kind: atom, reason: term, stacktrace: list}


	[:nous, :agent, :iteration, :start] - Dispatched before each agent iteration
	Measurement: %{system_time: native_time}
	Metadata: %{agent_name: string, iteration: integer, max_iterations: integer}


	[:nous, :agent, :iteration, :stop] - Dispatched after each agent iteration
	Measurement: %{duration: native_time}
	Metadata: %{agent_name: string, iteration: integer, tool_calls: integer, needs_response: boolean}



Provider Events
	[:nous, :provider, :request, :start] - Dispatched before calling provider API
	Measurement: %{system_time: native_time, monotonic_time: monotonic_time}
	Metadata: %{provider: atom, model_name: string, message_count: integer}


	[:nous, :provider, :request, :stop] - Dispatched after provider responds
	Measurement: %{duration: native_time, input_tokens: integer, output_tokens: integer, total_tokens: integer}
	Metadata: %{provider: atom, model_name: string, has_tool_calls: boolean}


	[:nous, :provider, :request, :exception] - Dispatched when provider request fails
	Measurement: %{duration: native_time}
	Metadata: %{provider: atom, model_name: string, kind: atom, reason: term}



Provider Streaming Events
	[:nous, :provider, :stream, :start] - Dispatched before starting a streaming request
	Measurement: %{system_time: native_time, monotonic_time: monotonic_time}
	Metadata: %{provider: atom, model_name: string, message_count: integer}


	[:nous, :provider, :stream, :connected] - Dispatched when stream connection is established
	Measurement: %{duration: native_time}
	Metadata: %{provider: atom, model_name: string}


	[:nous, :provider, :stream, :chunk] - Dispatched when a stream chunk is received
	Measurement: %{chunk_size: integer}
	Metadata: %{provider: atom, model_name: string, chunk_type: atom}


	[:nous, :provider, :stream, :exception] - Dispatched when streaming request fails
	Measurement: %{duration: native_time}
	Metadata: %{provider: atom, model_name: string, kind: atom, reason: term}



Tool Events
	[:nous, :tool, :execute, :start] - Dispatched before tool execution
	Measurement: %{system_time: native_time, monotonic_time: monotonic_time}
	Metadata: %{tool_name: string, tool_module: module | nil, attempt: integer, max_retries: integer, has_timeout: boolean}



	[:nous, :tool, :execute, :stop] - Dispatched after tool completes
	Measurement: %{duration: native_time}
	Metadata: %{tool_name: string, attempt: integer, success: boolean}


	[:nous, :tool, :execute, :exception] - Dispatched when tool fails
	Measurement: %{duration: native_time}
	Metadata: %{tool_name: string, attempt: integer, will_retry: boolean, kind: atom, reason: term, stacktrace: list}


	[:nous, :tool, :timeout] - Dispatched when tool times out
	Measurement: %{timeout: integer}
	Metadata: %{tool_name: string}



Context Events
	[:nous, :context, :update] - Dispatched when context deps are updated by a tool	Measurement: %{keys_updated: integer}
	Metadata: %{agent_name: string, keys: list(atom)}



Callback Events
	[:nous, :callback, :execute] - Dispatched when a callback is executed	Measurement: %{duration: native_time}
	Metadata: %{callback_type: atom, agent_name: string}



All times are in :native time unit. Use System.convert_time_unit/3 to
convert to desired unit.
Default Handler
Nous provides a default handler that logs events at appropriate levels:
Nous.Telemetry.attach_default_handler()
This is useful for development and debugging.
Custom Handlers
:telemetry.attach(
  "my-nous-handler",
  [:nous, :agent, :run, :stop],
  fn _event, measurements, metadata, _config ->
    MyApp.Metrics.track_agent_run(
      metadata.agent_name,
      measurements.duration,
      measurements.total_tokens
    )
  end,
  nil
)
Metrics Integration
For production metrics, consider integrating with:
	telemetry_metrics for Prometheus/StatsD

	telemetry_poller for periodic metrics

	Phoenix LiveDashboard for visualization
  defmodule MyApp.Telemetry do
use Supervisor
import Telemetry.Metrics

def metrics do
  [
    counter("nous.agent.run.start.count"),
    distribution("nous.agent.run.stop.duration",
      unit: {:native, :millisecond}
    ),
    sum("nous.agent.run.stop.total_tokens"),
    counter("nous.tool.execute.stop.count",
      tags: [:tool_name]
    ),
    counter("nous.tool.timeout.count",
      tags: [:tool_name]
    )
  ]
end
  end



      


      
        Summary


  
    Functions
  


    
      
        attach_default_handler()

      


        Attaches the default logging handler for Nous events.



    


    
      
        detach_default_handler()

      


        Detaches the default handler.



    





      


      
        Functions


        


  
    
      
    
    
      attach_default_handler()



        
          
        

    

  


  

Attaches the default logging handler for Nous events.
This handler logs:
	Agent runs (info level)
	Provider requests (debug level)
	Tool executions (debug level)
	Exceptions (error level)

Example
Nous.Telemetry.attach_default_handler()

  



  
    
      
    
    
      detach_default_handler()



        
          
        

    

  


  

Detaches the default handler.

  


        

      


  

    
Nous.Eval 
    



      
Evaluation framework for Nous AI agents.
Nous.Eval provides comprehensive testing, evaluation, and optimization capabilities
for AI agents. It supports running test suites against real LLM APIs and collecting
detailed metrics.
Quick Start
# Define a test suite
suite = Nous.Eval.Suite.new(
  name: "my_agent_tests",
  default_model: "lmstudio:ministral-3-14b-reasoning",
  test_cases: [
    Nous.Eval.TestCase.new(
      id: "greeting",
      input: "Say hello",
      expected: %{contains: ["hello", "hi"]},
      eval_type: :contains
    )
  ]
)

# Run the evaluation
{:ok, result} = Nous.Eval.run(suite)

# Print results
Nous.Eval.Reporter.print(result)
Loading from YAML
{:ok, suite} = Nous.Eval.Suite.from_yaml("test/eval/suites/basic.yaml")
{:ok, result} = Nous.Eval.run(suite)
A/B Testing
{:ok, comparison} = Nous.Eval.run_ab(suite,
  config_a: [model_settings: %{temperature: 0.3}],
  config_b: [model_settings: %{temperature: 0.7}]
)
Mix Tasks
# Run all suites
mix nous.eval

# Run specific suite
mix nous.eval --suite basic

# Filter by tags
mix nous.eval --tags tool,streaming
Metrics
The evaluation framework tracks:
	Correctness: Pass/fail rates and scores
	Token usage: Input, output, and total tokens
	Latency: Total duration, first token time, per-iteration timing
	Tool usage: Call counts, errors, timing per tool
	Cost estimation: Based on provider pricing

Evaluators
Built-in evaluators:
	:exact_match - Output must exactly match expected
	:fuzzy_match - String similarity above threshold
	:contains - Output must contain expected substrings
	:tool_usage - Verify correct tools were called
	:schema - Validate structured output against Ecto schema
	:llm_judge - Use an LLM to judge output quality

Custom Evaluators
defmodule MyEvaluator do
  @behaviour Nous.Eval.Evaluator

  @impl true
  def evaluate(actual, expected, config) do
    # Your evaluation logic
    %{score: 1.0, passed: true, reason: nil, details: %{}}
  end
end

test_case = TestCase.new(
  id: "custom",
  input: "...",
  expected: "...",
  eval_type: :custom,
  eval_config: %{evaluator: MyEvaluator}
)

      


      
        Summary


  
    Functions
  


    
      
        run(suite, opts \\ [])

      


        Run an evaluation suite.



    


    
      
        run!(suite, opts \\ [])

      


        Run an evaluation suite, raising on error.



    


    
      
        run_ab(suite, opts \\ [])

      


        Run A/B comparison between two configurations.



    


    
      
        run_case(test_case, opts \\ [])

      


        Run a single test case.



    





      


      
        Functions


        


    

  
    
      
    
    
      run(suite, opts \\ [])



        
          
        

    

  


  

      

          @spec run(
  Nous.Eval.Suite.t(),
  keyword()
) :: {:ok, map()} | {:error, term()}


      


Run an evaluation suite.
Options
	:model - Override the default model for all test cases
	:agent_config - Additional agent configuration
	:parallelism - Number of concurrent test cases (default: 1)
	:timeout - Timeout per test case in ms (default: from suite or 30_000)
	:retry_failed - Number of retries for failed tests (default: 0)
	:tags - Only run test cases with these tags
	:exclude_tags - Skip test cases with these tags

Returns
	{:ok, result} - Run completed with results
	{:error, reason} - Run failed to start

Example
{:ok, result} = Nous.Eval.run(suite)
IO.puts("Pass rate: #{result.pass_rate * 100}%")

  



    

  
    
      
    
    
      run!(suite, opts \\ [])



        
          
        

    

  


  

      

          @spec run!(
  Nous.Eval.Suite.t(),
  keyword()
) :: map()


      


Run an evaluation suite, raising on error.

  



    

  
    
      
    
    
      run_ab(suite, opts \\ [])



        
          
        

    

  


  

      

          @spec run_ab(
  Nous.Eval.Suite.t(),
  keyword()
) :: {:ok, map()} | {:error, term()}


      


Run A/B comparison between two configurations.
Runs the same suite with two different configurations and compares results.
Options
	:config_a - Configuration for variant A (keyword list)
	:config_b - Configuration for variant B (keyword list)
	All other options from run/2

Returns
%{
  a: %{...result for config A...},
  b: %{...result for config B...},
  comparison: %{
    winner: :a | :b | :tie,
    score_diff: float(),
    token_diff: float(),
    latency_diff: float()
  }
}
Example
{:ok, comparison} = Nous.Eval.run_ab(suite,
  config_a: [model_settings: %{temperature: 0.3}],
  config_b: [model_settings: %{temperature: 0.7}]
)

IO.puts("Winner: #{comparison.comparison.winner}")

  



    

  
    
      
    
    
      run_case(test_case, opts \\ [])



        
          
        

    

  


  

      

          @spec run_case(
  Nous.Eval.TestCase.t(),
  keyword()
) :: {:ok, Nous.Eval.Result.t()} | {:error, term()}


      


Run a single test case.
Useful for debugging individual test cases.
Example
test_case = TestCase.new(id: "test", input: "Hello", expected: "hi")
{:ok, result} = Nous.Eval.run_case(test_case, model: "lmstudio:model")

  


        

      


  

    
Nous.Eval.Config 
    



      
Configuration for the evaluation framework.
Configuration can be set via:
	Application environment
	Environment variables
	Explicit options passed to functions

Application Configuration
config :nous, Nous.Eval,
  default_model: "lmstudio:ministral-3-14b-reasoning",
  default_timeout: 30_000,
  parallelism: 4,
  results_path: "priv/eval_results"
Environment Variables
NOUS_EVAL_DEFAULT_MODEL=lmstudio:model
NOUS_EVAL_DEFAULT_TIMEOUT=60000
Cost Configuration
Provider pricing for cost estimation (per 1K tokens):
config :nous, Nous.Eval,
  cost_config: %{
    "lmstudio" => %{input: 0.0, output: 0.0},
    "openai" => %{input: 0.01, output: 0.03},
    "anthropic" => %{input: 0.015, output: 0.075}
  }

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        estimate_cost(provider, input_tokens, output_tokens)

      


        Estimate cost for token usage.



    


    
      
        get(opts \\ [])

      


        Get configuration from application environment and env vars.



    


    
      
        get_model(test_case, suite, opts \\ [])

      


        Get model for a test, with fallback chain.



    


    
      
        lmstudio_config()

      


        Get LM Studio configuration from environment.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Nous.Eval.Config{
  cost_config: map(),
  default_instructions: String.t() | nil,
  default_model: String.t() | nil,
  default_timeout: non_neg_integer(),
  parallelism: non_neg_integer(),
  results_path: String.t(),
  store_results: boolean()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      estimate_cost(provider, input_tokens, output_tokens)



        
          
        

    

  


  

      

          @spec estimate_cost(String.t(), non_neg_integer(), non_neg_integer()) :: float()


      


Estimate cost for token usage.
Returns cost in USD.

  



    

  
    
      
    
    
      get(opts \\ [])



        
          
        

    

  


  

      

          @spec get(keyword()) :: t()


      


Get configuration from application environment and env vars.
Merges configuration from:
	Defaults
	Application config
	Environment variables
	Explicit options


  



    

  
    
      
    
    
      get_model(test_case, suite, opts \\ [])



        
          
        

    

  


  

      

          @spec get_model(Nous.Eval.TestCase.t() | nil, Nous.Eval.Suite.t() | nil, keyword()) ::
  String.t() | nil


      


Get model for a test, with fallback chain.

  



  
    
      
    
    
      lmstudio_config()



        
          
        

    

  


  

      

          @spec lmstudio_config() :: keyword()


      


Get LM Studio configuration from environment.

  


        

      


  

    
Nous.Eval.Evaluator behaviour
    



      
Behaviour for evaluating agent outputs against expected results.
Evaluators determine whether an agent's output matches expectations and
provide a score indicating the quality of the match.
Built-in Evaluators
	Nous.Eval.Evaluators.ExactMatch - Exact string match
	Nous.Eval.Evaluators.FuzzyMatch - Similarity-based match
	Nous.Eval.Evaluators.Contains - Check for substrings
	Nous.Eval.Evaluators.ToolUsage - Verify tool calls
	Nous.Eval.Evaluators.Schema - Validate structured output
	Nous.Eval.Evaluators.LLMJudge - LLM-based evaluation

Custom Evaluators
defmodule MyEvaluator do
  @behaviour Nous.Eval.Evaluator

  @impl true
  def evaluate(actual, expected, config) do
    # Your evaluation logic
    if my_check(actual, expected) do
      %{score: 1.0, passed: true, reason: nil, details: %{}}
    else
      %{score: 0.0, passed: false, reason: "Did not match", details: %{}}
    end
  end
end
Result Format
Evaluators must return a map with:
	:score - Float from 0.0 to 1.0
	:passed - Boolean indicating pass/fail
	:reason - String explaining failure (or nil)
	:details - Map with additional details


      


      
        Summary


  
    Types
  


    
      
        result()

      


    


    
      
        score()

      


    





  
    Callbacks
  


    
      
        evaluate(actual, expected, config)

      


        Evaluate an actual output against expected output.



    


    
      
        name()

      


        Optional: Name of the evaluator for display purposes.



    





  
    Functions
  


    
      
        fail(reason, details \\ %{})

      


        Create a failing result helper.



    


    
      
        get_evaluator(arg1)

      


        Get the evaluator module for an eval_type.



    


    
      
        partial(score, reason \\ nil, details \\ %{})

      


        Create a partial match result helper.



    


    
      
        pass(details \\ %{})

      


        Create a passing result helper.



    


    
      
        run(eval_type, actual, expected, config)

      


        Run evaluation using the appropriate evaluator.



    





      


      
        Types


        


  
    
      
    
    
      result()



        
          
        

    

  


  

      

          @type result() :: %{
  score: score(),
  passed: boolean(),
  reason: String.t() | nil,
  details: map()
}


      



  



  
    
      
    
    
      score()



        
          
        

    

  


  

      

          @type score() :: float()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      evaluate(actual, expected, config)



        
          
        

    

  


  

      

          @callback evaluate(actual :: term(), expected :: term(), config :: map()) :: result()


      


Evaluate an actual output against expected output.
Parameters
	actual - The actual output from the agent
	expected - The expected output
	config - Configuration map for the evaluator

Returns
A result map with score, passed status, and details.

  



  
    
      
    
    
      name()


        (optional)


        
          
        

    

  


  

      

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


      


Optional: Name of the evaluator for display purposes.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      fail(reason, details \\ %{})



        
          
        

    

  


  

      

          @spec fail(String.t(), map()) :: result()


      


Create a failing result helper.

  



  
    
      
    
    
      get_evaluator(arg1)



        
          
        

    

  


  

      

          @spec get_evaluator(atom()) :: module() | nil


      


Get the evaluator module for an eval_type.

  



    

    

  
    
      
    
    
      partial(score, reason \\ nil, details \\ %{})



        
          
        

    

  


  

      

          @spec partial(float(), String.t() | nil, map()) :: result()


      


Create a partial match result helper.

  



    

  
    
      
    
    
      pass(details \\ %{})



        
          
        

    

  


  

      

          @spec pass(map()) :: result()


      


Create a passing result helper.

  



  
    
      
    
    
      run(eval_type, actual, expected, config)



        
          
        

    

  


  

      

          @spec run(atom(), term(), term(), map()) :: result()


      


Run evaluation using the appropriate evaluator.

  


        

      


  

    
Nous.Eval.Metrics 
    



      
Metrics collected during evaluation runs.
Tracks token usage, latency, tool calls, and costs.
Example
metrics = Metrics.new()
metrics = Metrics.from_usage(agent_result.usage)
IO.puts("Total tokens: #{metrics.total_tokens}")

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_agent_result(result, duration_ms)

      


        Create metrics from an agent result.



    


    
      
        from_usage(usage)

      


        Create metrics from a Nous.Usage struct.



    


    
      
        merge(m1, m2)

      


        Merge two metrics structs.



    


    
      
        new()

      


        Create empty metrics.



    


    
      
        with_cost(metrics, provider)

      


        Add cost estimation to metrics.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Nous.Eval.Metrics{
  estimated_cost: float() | nil,
  first_token_ms: non_neg_integer() | nil,
  input_tokens: non_neg_integer(),
  iterations: non_neg_integer(),
  model_latency_ms: non_neg_integer(),
  output_tokens: non_neg_integer(),
  requests: non_neg_integer(),
  retries: non_neg_integer(),
  tool_calls: non_neg_integer(),
  tool_errors: non_neg_integer(),
  tool_latency_ms: non_neg_integer(),
  tools_used: %{required(String.t()) => non_neg_integer()},
  total_duration_ms: non_neg_integer(),
  total_tokens: non_neg_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      from_agent_result(result, duration_ms)



        
          
        

    

  


  

      

          @spec from_agent_result(map(), non_neg_integer()) :: t()


      


Create metrics from an agent result.

  



  
    
      
    
    
      from_usage(usage)



        
          
        

    

  


  

      

          @spec from_usage(Nous.Usage.t()) :: t()


      


Create metrics from a Nous.Usage struct.

  



  
    
      
    
    
      merge(m1, m2)



        
          
        

    

  


  

      

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


      


Merge two metrics structs.

  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: t()


      


Create empty metrics.

  



  
    
      
    
    
      with_cost(metrics, provider)



        
          
        

    

  


  

      

          @spec with_cost(t(), String.t()) :: t()


      


Add cost estimation to metrics.

  


        

      


  

    
Nous.Eval.Reporter 
    



      
Report generation for evaluation results.
Example
{:ok, result} = Nous.Eval.run(suite)

# Print to console
Nous.Eval.Reporter.print(result)

# Generate JSON
json = Nous.Eval.Reporter.to_json(result)

# Write to file
Nous.Eval.Reporter.to_file(result, "report.json")

      


      
        Summary


  
    Functions
  


    
      
        print(result, opts \\ [])

      


        Print results to console.



    


    
      
        print_detailed(result, opts \\ [])

      


        Print detailed results (including failures) to console.



    


    
      
        to_file(result, path)

      


        Write report to JSON file.



    


    
      
        to_json(result)

      


        Generate JSON report.



    


    
      
        to_markdown(result)

      


        Generate markdown report.



    





      


      
        Functions


        


    

  
    
      
    
    
      print(result, opts \\ [])



        
          
        

    

  


  

      

          @spec print(
  Nous.Eval.SuiteResult.t(),
  keyword()
) :: :ok


      


Print results to console.

  



    

  
    
      
    
    
      print_detailed(result, opts \\ [])



        
          
        

    

  


  

      

          @spec print_detailed(
  Nous.Eval.SuiteResult.t(),
  keyword()
) :: :ok


      


Print detailed results (including failures) to console.

  



  
    
      
    
    
      to_file(result, path)



        
          
        

    

  


  

      

          @spec to_file(Nous.Eval.SuiteResult.t(), String.t()) :: :ok | {:error, term()}


      


Write report to JSON file.

  



  
    
      
    
    
      to_json(result)



        
          
        

    

  


  

      

          @spec to_json(Nous.Eval.SuiteResult.t()) :: String.t()


      


Generate JSON report.

  



  
    
      
    
    
      to_markdown(result)



        
          
        

    

  


  

      

          @spec to_markdown(Nous.Eval.SuiteResult.t()) :: String.t()


      


Generate markdown report.

  


        

      


  

    
Nous.Eval.Runner 
    



      
Executes evaluation suites against agents.
The runner handles:
	Running individual test cases
	Parallel execution
	Metrics collection
	A/B testing
	Error handling and retries


      


      
        Summary


  
    Functions
  


    
      
        run(suite, opts \\ [])

      


        Run an evaluation suite.



    


    
      
        run_ab(suite, opts \\ [])

      


        Run A/B comparison between two configurations.



    


    
      
        run_case(test_case, opts \\ [])

      


        Run a single test case.



    





      


      
        Functions


        


    

  
    
      
    
    
      run(suite, opts \\ [])



        
          
        

    

  


  

      

          @spec run(
  Nous.Eval.Suite.t(),
  keyword()
) :: {:ok, Nous.Eval.SuiteResult.t()} | {:error, term()}


      


Run an evaluation suite.

  



    

  
    
      
    
    
      run_ab(suite, opts \\ [])



        
          
        

    

  


  

      

          @spec run_ab(
  Nous.Eval.Suite.t(),
  keyword()
) :: {:ok, map()} | {:error, term()}


      


Run A/B comparison between two configurations.

  



    

  
    
      
    
    
      run_case(test_case, opts \\ [])



        
          
        

    

  


  

      

          @spec run_case(
  Nous.Eval.TestCase.t(),
  keyword()
) :: {:ok, Nous.Eval.Result.t()} | {:error, term()}


      


Run a single test case.

  


        

      


  

    
Nous.Eval.Suite 
    



      
A collection of test cases with shared configuration.
Suites group related test cases and provide shared defaults for model,
timeout, and other settings.
Example
suite = Suite.new(
  name: "weather_agent_tests",
  description: "Tests for the weather agent",
  default_model: "lmstudio:ministral-3-14b-reasoning",
  test_cases: [
    TestCase.new(id: "basic", input: "What's the weather?", ...),
    TestCase.new(id: "city", input: "Weather in Tokyo?", ...)
  ]
)
Loading from YAML
{:ok, suite} = Suite.from_yaml("test/eval/suites/weather.yaml")
Filtering
# Filter by tags
filtered = Suite.filter_by_tags(suite, [:basic, :tool])

# Exclude tags
filtered = Suite.exclude_tags(suite, [:slow])

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        add_case(suite, test_case)

      


        Add a test case to the suite.



    


    
      
        add_cases(suite, test_cases)

      


        Add multiple test cases to the suite.



    


    
      
        all_tags(suite)

      


        Get all unique tags used in the suite.



    


    
      
        count(suite)

      


        Get number of test cases.



    


    
      
        exclude_tags(suite, tags)

      


        Exclude test cases with any of the specified tags.



    


    
      
        filter_by_tags(suite, tags)

      


        Filter test cases by tags (include only cases with ANY of the specified tags).



    


    
      
        from_directory(dir)

      


        Load all suites from a directory.



    


    
      
        from_yaml(path)

      


        Load a suite from a YAML file.



    


    
      
        from_yaml!(path)

      


        Load a suite from a YAML file, raising on error.



    


    
      
        get_case(suite, id)

      


        Get test case by ID.



    


    
      
        new(opts)

      


        Create a new test suite.



    


    
      
        validate(suite)

      


        Validate a suite and all its test cases.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Nous.Eval.Suite{
  default_instructions: String.t() | nil,
  default_model: String.t() | nil,
  default_timeout: non_neg_integer(),
  description: String.t() | nil,
  metadata: map(),
  name: String.t(),
  parallelism: non_neg_integer(),
  retry_failed: non_neg_integer(),
  setup: (-> map()) | nil,
  teardown: (map() -> :ok) | nil,
  test_cases: [Nous.Eval.TestCase.t()]
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      add_case(suite, test_case)



        
          
        

    

  


  

      

          @spec add_case(t(), Nous.Eval.TestCase.t()) :: t()


      


Add a test case to the suite.

  



  
    
      
    
    
      add_cases(suite, test_cases)



        
          
        

    

  


  

      

          @spec add_cases(t(), [Nous.Eval.TestCase.t()]) :: t()


      


Add multiple test cases to the suite.

  



  
    
      
    
    
      all_tags(suite)



        
          
        

    

  


  

      

          @spec all_tags(t()) :: [atom()]


      


Get all unique tags used in the suite.

  



  
    
      
    
    
      count(suite)



        
          
        

    

  


  

      

          @spec count(t()) :: non_neg_integer()


      


Get number of test cases.

  



  
    
      
    
    
      exclude_tags(suite, tags)



        
          
        

    

  


  

      

          @spec exclude_tags(t(), [atom()]) :: t()


      


Exclude test cases with any of the specified tags.

  



  
    
      
    
    
      filter_by_tags(suite, tags)



        
          
        

    

  


  

      

          @spec filter_by_tags(t(), [atom()]) :: t()


      


Filter test cases by tags (include only cases with ANY of the specified tags).

  



  
    
      
    
    
      from_directory(dir)



        
          
        

    

  


  

      

          @spec from_directory(String.t()) :: {:ok, [t()]} | {:error, term()}


      


Load all suites from a directory.
Loads all .yaml and .yml files from the directory.

  



  
    
      
    
    
      from_yaml(path)



        
          
        

    

  


  

      

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


      


Load a suite from a YAML file.
Example YAML
name: my_suite
default_model: lmstudio:ministral-3-14b-reasoning
default_timeout: 30000

test_cases:
  - id: greeting
    input: "Say hello"
    expected:
      contains: ["hello"]
    eval_type: contains
    tags: [basic]

  - id: math
    input: "What is 2+2?"
    expected: "4"
    eval_type: exact_match

  



  
    
      
    
    
      from_yaml!(path)



        
          
        

    

  


  

      

          @spec from_yaml!(String.t()) :: t()


      


Load a suite from a YAML file, raising on error.

  



  
    
      
    
    
      get_case(suite, id)



        
          
        

    

  


  

      

          @spec get_case(t(), String.t()) :: Nous.Eval.TestCase.t() | nil


      


Get test case by ID.

  



  
    
      
    
    
      new(opts)



        
          
        

    

  


  

      

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


      


Create a new test suite.
Options
	:name - Suite name (required)
	:description - Human-readable description
	:test_cases - List of TestCase structs
	:default_model - Default model for all test cases
	:default_instructions - Default system instructions
	:default_timeout - Default timeout in ms (default: 30_000)
	:parallelism - Number of concurrent tests (default: 1)
	:retry_failed - Retry count for failed tests (default: 0)
	:setup - Function called before suite runs
	:teardown - Function called after suite runs
	:metadata - Additional metadata

Example
suite = Suite.new(
  name: "my_tests",
  default_model: "lmstudio:ministral-3-14b-reasoning",
  test_cases: [
    TestCase.new(id: "test1", input: "Hello"),
    TestCase.new(id: "test2", input: "World")
  ]
)

  



  
    
      
    
    
      validate(suite)



        
          
        

    

  


  

      

          @spec validate(t()) :: :ok | {:error, term()}


      


Validate a suite and all its test cases.

  


        

      


  

    
Nous.Eval.TestCase 
    



      
Defines a single test case for agent evaluation.
A test case specifies an input prompt, expected output, and evaluation criteria.
Example
test_case = TestCase.new(
  id: "weather_query",
  name: "Weather Query Test",
  input: "What's the weather in Tokyo?",
  expected: %{contains: ["Tokyo", "weather"]},
  eval_type: :contains,
  tags: [:tool, :basic],
  timeout: 30_000
)
Evaluation Types
	:exact_match - Output must exactly match expected string
	:fuzzy_match - String similarity must exceed threshold
	:contains - Output must contain all expected substrings
	:tool_usage - Verify correct tools were called with correct args
	:schema - Validate output against Ecto schema
	:llm_judge - Use LLM to judge output quality
	:custom - Use custom evaluator module

Expected Formats
The expected value format depends on the eval_type:
	:exact_match - "expected string"
	:fuzzy_match - "expected string" (with threshold in eval_config)
	:contains - %{contains: ["word1", "word2"]} or ["word1", "word2"]
	:tool_usage - %{tools_called: ["tool_name"], output_contains: ["..."]}
	:schema - MyApp.Schema (module name)
	:llm_judge - %{criteria: "...", rubric: "..."}
	:custom - Any format understood by your evaluator


      


      
        Summary


  
    Types
  


    
      
        eval_type()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        display_name(test_case)

      


        Get display name for the test case.



    


    
      
        from_map(map)

      


        Create a test case from a map (used by YAML loader).



    


    
      
        new(opts)

      


        Create a new test case.



    


    
      
        validate(tc)

      


        Validate a test case.



    





      


      
        Types


        


  
    
      
    
    
      eval_type()



        
          
        

    

  


  

      

          @type eval_type() ::
  :exact_match
  | :fuzzy_match
  | :contains
  | :tool_usage
  | :schema
  | :llm_judge
  | :custom


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Nous.Eval.TestCase{
  agent_config: keyword(),
  deps: map(),
  description: String.t() | nil,
  eval_config: map(),
  eval_type: eval_type(),
  expected: term(),
  id: String.t(),
  input: String.t() | [Nous.Message.t()],
  metadata: map(),
  name: String.t() | nil,
  tags: [atom()],
  timeout: non_neg_integer(),
  tools: [Nous.Tool.t()] | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      display_name(test_case)



        
          
        

    

  


  

      

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


      


Get display name for the test case.

  



  
    
      
    
    
      from_map(map)



        
          
        

    

  


  

      

          @spec from_map(map()) :: {:ok, t()} | {:error, term()}


      


Create a test case from a map (used by YAML loader).

  



  
    
      
    
    
      new(opts)



        
          
        

    

  


  

      

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


      


Create a new test case.
Options
	:id - Unique identifier (required)
	:input - Input prompt or messages (required)
	:name - Human-readable name
	:description - Longer description
	:expected - Expected output (format depends on eval_type)
	:eval_type - Evaluation type (default: :contains)
	:eval_config - Configuration for the evaluator
	:tags - List of tags for filtering
	:deps - Dependencies to pass to agent
	:tools - Tools to provide to the agent
	:agent_config - Additional agent configuration
	:timeout - Timeout in milliseconds (default: 30_000)
	:metadata - Additional metadata

Examples
# Simple contains check
TestCase.new(
  id: "greeting",
  input: "Say hello",
  expected: %{contains: ["hello"]}
)

# Exact match
TestCase.new(
  id: "math",
  input: "What is 2+2?",
  expected: "4",
  eval_type: :exact_match
)

# Fuzzy match with threshold
TestCase.new(
  id: "fuzzy",
  input: "What is the capital of France?",
  expected: "Paris is the capital of France",
  eval_type: :fuzzy_match,
  eval_config: %{threshold: 0.7}
)

# Tool usage verification
TestCase.new(
  id: "tool_test",
  input: "What's the weather?",
  expected: %{tools_called: ["get_weather"]},
  eval_type: :tool_usage,
  tools: [weather_tool]
)

  



  
    
      
    
    
      validate(tc)



        
          
        

    

  


  

      

          @spec validate(t()) :: :ok | {:error, term()}


      


Validate a test case.

  


        

      


  

    
Nous.Errors.ConfigurationError exception
    



      
Error in configuration or missing dependencies.
Raised when required configuration is missing or a required
optional dependency is not available.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Nous.Errors.ConfigurationError{
  __exception__: true,
  details: any(),
  message: String.t()
}


      



  


        

      


  

    
Nous.Errors.ExecutionCancelled exception
    



      
Error when agent execution is cancelled.
Raised when an agent execution is explicitly cancelled
by the user or system.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Nous.Errors.ExecutionCancelled{
  __exception__: true,
  message: String.t(),
  reason: String.t() | nil
}


      



  


        

      


  

    
Nous.Errors.MaxIterationsExceeded exception
    



      
Error when agent loop exceeds maximum iterations.
Raised when an agent makes too many back-and-forth calls
with the model, possibly indicating an infinite loop.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Nous.Errors.MaxIterationsExceeded{
  __exception__: true,
  max_iterations: pos_integer() | nil,
  message: String.t()
}


      



  


        

      


  

    
Nous.Errors.ModelError exception
    



      
Error from the model provider API.
Raised when the underlying model API returns an error.
Note: Consider using ProviderError for new code.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Nous.Errors.ModelError{
  __exception__: true,
  details: any(),
  message: String.t(),
  provider: atom() | nil,
  status_code: integer() | nil
}


      



  


        

      


  

    
Nous.Errors.ProviderError exception
    



      
Error from an LLM provider.
Raised when a provider API call fails.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Nous.Errors.ProviderError{
  __exception__: true,
  details: any(),
  message: String.t(),
  provider: atom() | nil,
  status_code: integer() | nil
}


      



  


        

      


  

    
Nous.Errors.ToolError exception
    



      
Error during tool execution.
Raised when a tool function fails during execution.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Nous.Errors.ToolError{
  __exception__: true,
  attempt: non_neg_integer() | nil,
  message: String.t(),
  original_error: any(),
  tool_name: String.t() | nil
}


      



  


        

      


  

    
Nous.Errors.ToolTimeout exception
    



      
Error when a tool execution times out.
Raised when a tool takes longer than its configured timeout.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Nous.Errors.ToolTimeout{
  __exception__: true,
  message: String.t(),
  timeout: non_neg_integer() | nil,
  tool_name: String.t() | nil
}


      



  


        

      


  

    
Nous.Errors.UsageLimitExceeded exception
    



      
Error when usage limits are exceeded.
Raised when an agent run exceeds configured limits for
requests, tokens, or tool calls.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Nous.Errors.UsageLimitExceeded{
  __exception__: true,
  actual_value: integer() | nil,
  limit_type: atom() | nil,
  limit_value: integer() | nil,
  message: String.t()
}


      



  


        

      


  

    
Nous.Errors.ValidationError exception
    



      
Error during output validation.
Raised when structured output fails Ecto validation.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Nous.Errors.ValidationError{
  __exception__: true,
  errors: keyword() | nil,
  message: String.t(),
  output_type: module() | nil
}


      



  


        

      


  

    
mix nous.eval 
    



      
Run evaluation suites for Nous agents.
Usage
# Run all suites from default directory (test/eval/suites)
mix nous.eval

# Run a specific suite file
mix nous.eval --suite test/eval/suites/basic.yaml

# Run from a different directory
mix nous.eval --dir priv/eval

# Filter by tags
mix nous.eval --tags basic,tool

# Exclude tags
mix nous.eval --exclude slow,stress

# Override model
mix nous.eval --model lmstudio:ministral-3-14b-reasoning

# Set parallelism
mix nous.eval --parallel 4

# Output format
mix nous.eval --format json
mix nous.eval --format json --output results.json

# Verbose mode
mix nous.eval --verbose
Options
	--suite - Path to a specific suite file (YAML)
	--dir - Directory containing suite files (default: test/eval/suites)
	--tags - Only run test cases with these tags (comma-separated)
	--exclude - Exclude test cases with these tags (comma-separated)
	--model - Override default model for all tests
	--parallel - Number of concurrent tests (default: 1)
	--timeout - Default timeout in ms (default: 30000)
	--format - Output format: console, json, markdown (default: console)
	--output - Output file path (for json/markdown formats)
	--verbose - Show detailed output including passed tests
	--retry - Number of retries for failed tests (default: 0)

Configuration
You can also configure defaults in your config:
config :nous, Nous.Eval,
  default_model: "lmstudio:ministral-3-14b-reasoning",
  default_timeout: 30_000,
  parallelism: 4

      




  

    
mix nous.optimize 
    



      
Run parameter optimization for Nous agent configurations.
Usage
# Optimize with default parameters (temperature, max_tokens)
mix nous.optimize --suite test/eval/suites/basic.yaml

# Use different optimization strategy
mix nous.optimize --suite basic.yaml --strategy bayesian
mix nous.optimize --suite basic.yaml --strategy random
mix nous.optimize --suite basic.yaml --strategy grid_search

# Configure trials and timeout
mix nous.optimize --suite basic.yaml --trials 50 --timeout 1800000

# Optimize specific metric
mix nous.optimize --suite basic.yaml --metric pass_rate
mix nous.optimize --suite basic.yaml --metric latency_p50 --minimize

# Custom parameter file
mix nous.optimize --suite basic.yaml --params params.exs

# Early stopping
mix nous.optimize --suite basic.yaml --early-stop 0.95

# Output results
mix nous.optimize --suite basic.yaml --output results.json
Options
	--suite - Path to evaluation suite file (required)
	--strategy - Optimization strategy: grid_search, random, bayesian (default: bayesian)
	--trials - Number of trials to run (default: 20)
	--metric - Metric to optimize: score, pass_rate, latency_p50, latency_p95, total_tokens, cost (default: score)
	--minimize - Minimize metric instead of maximize (useful for latency/cost)
	--timeout - Total timeout in ms (default: 3600000 = 1 hour)
	--early-stop - Stop if metric reaches threshold
	--params - Path to parameters file (Elixir script returning list of parameters)
	--output - Output file path for JSON results
	--verbose - Show detailed progress
	--quiet - Suppress progress output

Parameters File
Create a .exs file that returns a list of parameters:
# params.exs
alias Nous.Eval.Optimizer.Parameter

[
  Parameter.float(:temperature, 0.0, 1.0, step: 0.1),
  Parameter.integer(:max_tokens, 100, 1000, step: 100),
  Parameter.choice(:model, ["gpt-4", "gpt-3.5-turbo"])
]
Default Parameters
If no params file is specified, optimizes these parameters:
	temperature - Float from 0.0 to 1.0 (step: 0.1)
	max_tokens - Integer from 256 to 2048 (step: 256)

Example
# Quick optimization with Bayesian search
mix nous.optimize --suite test/eval/suites/basic.yaml --trials 30

# Grid search for small parameter space
mix nous.optimize --suite basic.yaml --strategy grid_search --max-trials 50

# Minimize latency
mix nous.optimize --suite basic.yaml --metric latency_p50 --minimize

      




  OEBPS/dist/epub-4WIP524F.js
(()=>{var s=document.querySelector.bind(document),o=document.querySelectorAll.bind(document);function r(e){document.readyState!=="loading"?e():document.addEventListener("DOMContentLoaded",e)}var l="hll";window.addEventListener("exdoc:loaded",t);function t(){o("[data-group-id]").forEach(e=>{e.addEventListener("mouseenter",i),e.addEventListener("mouseleave",i)})}function i(e){let n=e.currentTarget,a=e.type==="mouseenter",c=n.getAttribute("data-group-id");n.parentElement.querySelectorAll(`[data-group-id="${c}"]`).forEach(u=>{u.classList.toggle(l,a)})}r(()=>{t()});})();




