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Behavior-Driven Development (BDD) for AI-Driven Testing | Executable Specifications | Specification by Example
SexySpex is a behavior-driven development (BDD) framework for Elixir that enables executable specifications, specification by example, and AI-driven testing. Write Given-When-Then scenarios that serve as both living documentation and automated tests.
Features
	Behavior-Driven Development (BDD): Clean Given-When-Then DSL for readable scenarios
	Executable Specifications: Specifications that run as automated tests (Specification by Example)
	Living Documentation: Tests that generate human and AI-readable documentation
	AI-Driven Testing: Manual mode, semantic helpers, and step-by-step execution for AI systems
	GUI Testing: Built-in helpers for Scenic applications and visual testing
	Error Log Detection: Automatic failure on error logs - catches crashes even without assertions
	ExUnit Foundation: Built on ExUnit for reliability with enhanced BDD features
	Explicit Context Handling: Prevents accidental data loss with required :ok or {:ok, context} returns
	Gherkin-style Syntax: Natural language scenarios for business stakeholders
	Test Automation: Automated acceptance testing with continuous validation

Installation
Add sexy_spex to your list of dependencies in mix.exs:
def deps do
  [
    {:sexy_spex, "~> 0.1.0"}
  ]
end
Quick Start
1. Write Your First Spex
Create a file test/spex/user_registration_spex.exs:
defmodule MyApp.UserRegistrationSpex do
  use SexySpex

  setup_all do
    # Start your application or setup shared state
    {:ok, %{base_url: "http://localhost:4000"}}
  end

  spex "user can register successfully",
    description: "Validates the user registration flow",
    tags: [:user_management, :registration] do
    
    scenario "with valid data" do
      given_ "valid user registration data", context do
        user_data = %{
          email: "test@example.com",
          password: "secure_password123",
          name: "Test User"
        }
        assert valid_registration_data?(user_data)
        {:ok, Map.put(context, :user_data, user_data)}
      end

      when_ "user submits registration", context do
        {:ok, user} = MyApp.Users.register(context.user_data)
        assert user.email == context.user_data.email
        {:ok, Map.put(context, :user, user)}
      end

      then_ "user account is created and can login", context do
        assert {:ok, _session} = MyApp.Auth.login(
          context.user_data.email,
          context.user_data.password
        )
        {:ok, context}
      end
    end
  end
end
2. Run Your Spex
# Run all spex files
mix spex

# Run specific spex file
mix spex test/spex/user_registration_spex.exs

# Run with verbose output
mix spex --verbose

# Run in manual mode (step-by-step)
mix spex --manual

Important: Spex files can ONLY be run with mix spex, not mix test. This ensures proper compilation and application lifecycle management.
3. See Beautiful Output
🎯 Running Spex: user can register successfully
==================================================
   Validates the user registration flow
   Tags: #user_management #registration

  📋 Scenario: with valid data
    Given: valid user registration data
    When: user submits registration
    Then: user account is created and can login
  ✅ Scenario passed: with valid data

✅ Spex completed: user can register successfully
GUI Testing with Scenic
For Scenic applications, use the built-in helpers:
defmodule MyGUI.LoginSpex do
  use SexySpex

  setup_all do
    # Start Scenic application with MCP server
    SexySpex.Helpers.start_scenic_app(:my_gui_app)
  end

  spex "user can login via GUI" do
    scenario "successful login flow" do
      given_ "the application is running", context do
        assert SexySpex.Helpers.application_running?(:my_gui_app)
        assert SexySpex.Helpers.can_connect_to_scenic_mcp?(context.port)
        {:ok, context}
      end

      when_ "user enters valid credentials", context do
        ScenicMcp.send_keys(text: "user@example.com")
        ScenicMcp.send_keys(key: "tab")
        ScenicMcp.send_keys(text: "password123")
        ScenicMcp.send_keys(key: "enter")
        {:ok, context}
      end

      then_ "user is logged in successfully", context do
        ScenicMcp.take_screenshot(filename: "logged_in_dashboard")
        viewport_state = ScenicMcp.Probes.viewport_state()
        assert viewport_state.name == :main_viewport
        {:ok, context}
      end
    end
  end
end
Framework Helpers
SexySpex provides semantic helpers for common patterns:
# Start Scenic applications with MCP server
SexySpex.Helpers.start_scenic_app(:quillex)
SexySpex.Helpers.start_scenic_app(:flamelex, port: 8888)

# Test connectivity
SexySpex.Helpers.can_connect_to_scenic_mcp?(9999)
SexySpex.Helpers.application_running?(:my_app)

# Automatically handles:
# - Compilation (Mix.Task.run("compile"))
# - Application startup and cleanup
# - MCP server waiting and connection testing
Manual Mode - Interactive Testing
Run spex in manual mode for step-by-step execution:
mix spex --manual

Manual mode gives you:
	🎯 Pause between each Given/When/Then/And step
	🐚 Drop into IEx shell for debugging (iex command)
	📸 Take screenshots and inspect state
	❌ Quit anytime (q command)

Perfect for:
	Debugging failing tests step-by-step
	Understanding how your app responds to actions
	Creating visual documentation of workflows
	Training and demonstration purposes

Architecture
Built on ExUnit
SexySpex is 100% built on ExUnit but provides a controlled execution environment:
# When you write:
use SexySpex

# You get:
use ExUnit.Case, async: false  # Standard ExUnit test case
import SexySpex.DSL               # spex/scenario/given_/when_/then_
Execution Flow
mix spex → Mix.Tasks.Spex → ExUnit.start() → Load spex files → ExUnit.run()
Core Modules
	SexySpex - Main module with use macro and helpers
	SexySpex.DSL - Given-When-Then macros
	SexySpex.Helpers - Semantic helper functions
	SexySpex.StepExecutor - Manual mode and execution control
	Mix.Tasks.Spex - Mix task with lifecycle management

Use Cases
Perfect for teams practicing:
	Behavior-Driven Development (BDD) - Collaborate with stakeholders using natural language
	Specification by Example - Document requirements through executable examples  
	Acceptance Test-Driven Development (ATDD) - Define acceptance criteria before implementation
	AI-Driven Testing - Enable AI systems to write and execute test scenarios
	GUI Test Automation - Automate user interface testing with visual feedback
	Continuous Integration - Automated testing in CI/CD pipelines
	Living Documentation - Keep documentation in sync with implementation

Philosophy
Spex bridges the gap between business requirements and automated testing by providing:
	Executable Documentation: Specifications that run as tests (Specification by Example)
	Natural Language Scenarios: Gherkin-style Given-When-Then syntax
	AI-Readable Format: Structured, semantic test descriptions for AI systems
	Visual Evidence: Screenshot capture and state validation for GUI testing
	Interactive Control: Manual mode for human oversight and debugging
	Semantic Helpers: Functions that read like human language

This enables AI systems to write, execute, and understand tests while maintaining human readability and stakeholder collaboration.
📚 Documentation
	Getting Started Guide - New to Spex? Start here
	How-To Guide - Problem-solving for specific tasks
	Technical Reference - Complete API documentation
	Troubleshooting - Solutions for common problems

Contributing
We welcome contributions! Please see the documentation in /docs for details.
License
This project is licensed under the MIT License.
Inspiration
Spex is inspired by:
	Behavior-Driven Development (BDD)
	Specification by Example
	AI-driven development workflows
	The Elixir/OTP philosophy of observable, testable systems

Perfect for teams building the future of AI-assisted software development.


  

    🚀 Getting Started with SexySpex

SexySpex is an AI-driven testing framework for Scenic GUI applications. It lets you write executable specifications that serve as both tests and living documentation, specifically designed for visual applications that need real interaction testing.
Table of Contents
	What is SexySpex?
	Why Use SexySpex?
	Installation
	Your First Spex
	Understanding Given/When/Then
	Command Line Options
	Speed Modes & Manual Control
	Common Patterns
	Next Steps

What is SexySpex?
SexySpex combines:
	Behavior-Driven Development (BDD) with Given/When/Then syntax
	Visual Testing through automated screenshots
	AI Integration via Model Context Protocol (MCP)
	Interactive Testing with manual step-through modes

Think of it as "Cucumber for GUI applications" but specifically designed for AI-driven development workflows.
Why Use SexySpex?
Traditional Testing Problems
# Traditional unit test - doesn't test real user interactions
test "text input works" do
  assert TextInput.process("hello") == "hello"
end
SexySpex Approach
# Spex - tests the actual GUI interaction
spex "user can type text in the editor" do
  scenario "typing into an empty buffer" do
    given_ "an empty editor buffer", context do
      {:ok, _} = ScenicMCP.take_screenshot("empty_editor")
      {:ok, context}
    end

    when_ "user types 'Hello World'", context do
      {:ok, _} = ScenicMCP.send_text("Hello World")
      {:ok, context}
    end

    then_ "the text appears in the buffer", context do
      {:ok, _} = ScenicMCP.take_screenshot("text_entered")
      # Screenshot provides visual evidence
      {:ok, context}
    end
  end
end
Benefits:
	Tests actual user interactions
	Visual evidence through screenshots
	Self-documenting specifications
	AI can drive and validate tests
	Debugging through step-by-step observation

Installation
1. Add Spex to Your Project
Add to your mix.exs:
defp deps do
  [
    {:sexy_spex, path: "../spex", only: [:test, :dev]},
    {:scenic_mcp, path: "../scenic_mcp", only: [:dev, :test]},
    # ... your other deps
  ]
end
2. Update Application Config
In your mix.exs, ensure scenic_mcp is included:
def application do
  [
    extra_applications: [:scenic_mcp],
    # ... other config
  ]
end
3. Create Test Directory
mkdir -p test/spex
mkdir -p test/screenshots

4. Install Dependencies
mix deps.get
mix compile

Your First Spex
Let's create a simple spex to test basic application functionality.
Create test/spex/hello_world_spex.exs
defmodule MyApp.HelloWorldSpex do
  use SexySpex

  @moduledoc """
  Your first spex - validates basic application interaction.
  """

  # Configure for Scenic MCP testing
  setup_all do
    Application.put_env(:sexy_spex, :adapter, SexySpex.Adapters.ScenicMCP)
    Application.put_env(:sexy_spex, :port, 9999)
    Application.put_env(:sexy_spex, :screenshot_dir, "test/screenshots")

    File.mkdir_p!("test/screenshots")
    :ok
  end

  spex "Basic application interaction",
    description: "Validates the app starts and responds to input",
    tags: [:smoke_test, :basic_interaction] do

    alias SexySpex.Adapters.ScenicMCP

    scenario "Application is running and accessible" do
      given_ "the application should be started", context do
        assert ScenicMCP.wait_for_app(9999, 5), "App must be running"
        {:ok, context}
      end

      then_ "we can connect and take a screenshot", context do
        {:ok, screenshot} = ScenicMCP.take_screenshot("app_running")
        assert File.exists?(screenshot.filename)
        {:ok, context}
      end
    end

    scenario "Basic text input works" do
      given_ "the application is ready", context do
        {:ok, _} = ScenicMCP.take_screenshot("before_input")
        {:ok, context}
      end

      when_ "we send some text", context do
        {:ok, _} = ScenicMCP.send_text("Hello Spex!")
        {:ok, context}
      end

      then_ "we can capture the result", context do
        {:ok, _} = ScenicMCP.take_screenshot("after_input")
        {:ok, context}
      end
    end
  end
end
Run Your First Spex
# The spex framework handles everything automatically
mix spex test/spex/hello_world_spex.exs --verbose

What happens:
	Starts your application automatically
	Waits for MCP server to be ready
	Loads and runs your spex
	Captures screenshots as evidence
	Cleans up when done

Understanding Given/When/Then
Spex uses the classic BDD pattern. Every step block returns {:ok, context} — no exceptions. If a step doesn't change context, return {:ok, context} explicitly.
given_ - Setup/Preconditions
given_ "an empty text editor", context do
  {:ok, _} = ScenicMCP.send_key("a", [:ctrl])  # Select all
  {:ok, _} = ScenicMCP.send_key("delete")       # Delete
  {:ok, _} = ScenicMCP.take_screenshot("empty_editor")
  {:ok, context}
end
when_ - Actions/Events
when_ "user types a document", context do
  {:ok, _} = ScenicMCP.send_text("# My Document\n\nThis is a test.")
  {:ok, _} = ScenicMCP.send_key("enter")
  {:ok, context}
end
then_ - Assertions/Outcomes
then_ "the document appears formatted", context do
  {:ok, screenshot} = ScenicMCP.take_screenshot("formatted_document")
  assert File.exists?(screenshot.filename)

  {:ok, viewport} = ScenicMCP.inspect_viewport()
  assert viewport.active
  {:ok, context}
end
Reusable givens
For preconditions used across many scenarios, register them once with register_given and invoke by atom:
defmodule MyApp.EditorSpex do
  use SexySpex

  register_given :empty_editor, context do
    {:ok, _} = ScenicMCP.send_key("a", [:ctrl])
    {:ok, _} = ScenicMCP.send_key("delete")
    {:ok, context}
  end

  spex "editor behavior" do
    scenario "typing" do
      given_ :empty_editor

      when_ "user types text", context do
        {:ok, _} = ScenicMCP.send_text("hello")
        {:ok, context}
      end

      then_ "text appears", context do
        {:ok, _} = ScenicMCP.take_screenshot("typed")
        {:ok, context}
      end
    end
  end
end
To share givens across files, put them in a module that uses SexySpex.Givens and import it normally:
defmodule MyApp.SharedGivens do
  use SexySpex.Givens

  register_given :empty_editor, context do
    {:ok, _} = ScenicMCP.send_key("a", [:ctrl])
    {:ok, _} = ScenicMCP.send_key("delete")
    {:ok, context}
  end
end

defmodule MyApp.AnotherSpex do
  use SexySpex
  import MyApp.SharedGivens

  spex "..." do
    scenario "..." do
      given_ :empty_editor
      # ...
    end
  end
end
Multiple Scenarios
spex "Text editing functionality" do
  scenario "Basic typing" do
    given_ "empty editor", context do
      # ...
      {:ok, context}
    end

    when_ "type text", context do
      # ...
      {:ok, context}
    end

    then_ "text appears", context do
      # ...
      {:ok, context}
    end
  end

  scenario "Copy and paste" do
    given_ "text is selected", context do
      # ...
      {:ok, context}
    end

    when_ "copy and paste", context do
      # ...
      {:ok, context}
    end

    then_ "text is duplicated", context do
      # ...
      {:ok, context}
    end
  end
end
Command Line Options
Basic Usage
# Run all spex files
mix spex

# Run specific file
mix spex test/spex/my_feature_spex.exs

# Run with pattern matching
mix spex --pattern "**/login_*_spex.exs"

Speed Control
# Fast execution (no delays) - default
mix spex --speed fast

# Medium speed (1s delays between steps)
mix spex --speed medium

# Slow for observation (2.5s delays between steps)
mix spex --speed slow

# Manual step-by-step control
mix spex --manual

Output
# Reporter is quiet by default. Add --verbose for the step-by-step log.
mix spex --verbose

# Only run spex files that have changed since last run
mix spex --stale

# Force everything to rerun even when not stale
mix spex --stale --force

# Custom timeout (default: 60 seconds)
mix spex --timeout 120000

Combining Options
# Manual mode with verbose output for debugging
mix spex --manual --verbose

# Medium speed run of specific pattern
mix spex --pattern "**/smoke_*" --speed medium --verbose

Speed Modes & Manual Control
Automated Modes
	Mode	Delay	Use Case
	fast	0ms	CI/automated testing (default)
	medium	1s	Regular development
	slow	2.5s	Observation/debugging

Manual Mode - Complete Control
Manual mode gives you step-by-step control between DSL blocks:
mix spex --manual

Important: Manual mode pauses between given_, when_, then_, and and_ blocks, not between individual lines of code within each block.
For fine-grained control over individual actions, break your steps into smaller blocks:
# Instead of one large block:
when_ "user interacts with form", context do
  send_text("username")    # No pause here
  send_key("tab")          # No pause here
  send_text("password")    # No pause here
  {:ok, context}
end

# Use smaller blocks for manual control:
when_ "user enters username", context do
  send_text("username")
  {:ok, context}
end
# Manual pause here

and_ "user moves to password field", context do
  send_key("tab")
  {:ok, context}
end
# Manual pause here

and_ "user enters password", context do
  send_text("password")
  {:ok, context}
end
Common Patterns
Pattern 1: Smoke Test
spex "Application health check" do
  scenario "Basic functionality works" do
    given_ "app is running", context do
      assert ScenicMCP.app_running?()
      {:ok, context}
    end

    when_ "we interact with core features", context do
      {:ok, _} = ScenicMCP.send_text("test")
      {:ok, _} = ScenicMCP.send_key("enter")
      {:ok, context}
    end

    then_ "app remains responsive", context do
      {:ok, viewport} = ScenicMCP.inspect_viewport()
      assert viewport.active
      {:ok, context}
    end
  end
end
Pattern 2: User Journey
spex "Complete user workflow" do
  scenario "User creates and saves document" do
    given_ "clean application state", context do
      {:ok, _} = ScenicMCP.send_key("n", [:ctrl])  # New file
      {:ok, _} = ScenicMCP.take_screenshot("new_file")
      {:ok, context}
    end

    when_ "user writes content", context do
      {:ok, _} = ScenicMCP.send_text("# My Document\n\nContent here.")
      {:ok, _} = ScenicMCP.take_screenshot("content_written")
      {:ok, context}
    end

    and_ "saves the file", context do
      {:ok, _} = ScenicMCP.send_key("s", [:ctrl])
      {:ok, _} = ScenicMCP.take_screenshot("file_saved")
      {:ok, context}
    end

    then_ "document is preserved", context do
      # Verify file exists, content persisted, etc.
      {:ok, context}
    end
  end
end
Pattern 3: Error Handling
spex "Error scenarios" do
  scenario "Invalid input is handled gracefully" do
    given_ "normal application state", context do
      {:ok, _} = ScenicMCP.take_screenshot("normal_state")
      {:ok, context}
    end

    when_ "invalid input is provided", context do
      {:ok, _} = ScenicMCP.send_key("f12")
      {:ok, _} = ScenicMCP.send_text("\x00\x01")
      {:ok, context}
    end

    then_ "application remains stable", context do
      {:ok, viewport} = ScenicMCP.inspect_viewport()
      assert viewport.active, "App should handle invalid input gracefully"
      {:ok, _} = ScenicMCP.take_screenshot("after_invalid_input")
      {:ok, context}
    end
  end
end
Pattern 4: Visual Validation
spex "Visual consistency" do
  scenario "UI elements render correctly" do
    given_ "application in standard state", context do
      {:ok, baseline} = ScenicMCP.take_screenshot("ui_baseline")
      {:ok, Map.put(context, :baseline, baseline)}
    end

    when_ "no changes are made", context do
      Process.sleep(1000)  # Let any animations settle
      {:ok, context}
    end

    then_ "UI remains consistent", context do
      {:ok, comparison} = ScenicMCP.take_screenshot("ui_comparison")
      assert File.exists?(comparison.filename)
      {:ok, context}
    end
  end
end
Next Steps
1. Write Your First Real Spex
Start with a simple smoke test for your application's core functionality.
2. Explore Manual Mode
Use mix spex --manual to step through and understand how your app behaves.
3. Build a Test Suite
Create spex for:
	Smoke tests (basic functionality)
	User journeys (complete workflows)
	Edge cases (error handling)
	Visual validation (UI consistency)

4. Integrate with Development Workflow
	Run fast spex in CI: mix spex --speed fast
	Use medium speed for development: mix spex --speed medium --verbose
	Use manual mode for debugging: mix spex --manual
	Re-run only changed spex: mix spex --stale

5. Advanced Features
	Register reusable givens with register_given
	Share givens across modules via use SexySpex.Givens + plain import

Further Reading
	Technical Reference - Complete API documentation
	How-To Guide - Solution-oriented guide
	Troubleshooting - Common issues and solutions


Ready to start? Create your first spex and run:
mix spex --manual --verbose



  

    📖 Spex How-To Guide

This guide provides solutions to common problems and tasks when using SexySpex. Each section answers a specific "How do I...?" question.
Table of Contents
	Setup & Configuration
	Writing Effective Spex
	Debugging & Troubleshooting
	Visual Testing
	Integration Workflows
	Advanced Patterns

Setup & Configuration
How do I set up Spex for a new project?
Problem: Starting fresh with Spex in a new Scenic application.
Solution:
	Add dependencies to mix.exs:
defp deps do
[
 {:sexy_spex, path: "../spex", only: [:test, :dev]},
 {:scenic_mcp, path: "../scenic_mcp", only: [:dev, :test]},
 # ... your other deps
]
end

def application do
[
 extra_applications: [:scenic_mcp],
 # ... other config
]
end

	Create test structure:
mkdir -p test/spex
mkdir -p test/screenshots


	Create basic config file test/spex/spex_helper.exs:
# Common setup for all spex files
Application.put_env(:sexy_spex, :adapter, SexySpex.Adapters.ScenicMCP)
Application.put_env(:sexy_spex, :port, 9999)
Application.put_env(:sexy_spex, :screenshot_dir, "test/screenshots")

File.mkdir_p!("test/screenshots")

	Create your first spex file test/spex/smoke_test_spex.exs:
defmodule MyApp.SmokeTestSpex do
use SexySpex

setup_all do
 Code.require_file("test/spex/spex_helper.exs")
 :ok
end

spex "Application starts correctly" do
 alias SexySpex.Adapters.ScenicMCP

 scenario "Basic connectivity" do
   given_ "the application should be running", context do
     assert ScenicMCP.wait_for_app(9999, 10)
     {:ok, context}
   end

   then_ "we can take a screenshot", context do
     {:ok, _} = ScenicMCP.take_screenshot("smoke_test")
     {:ok, context}
   end
 end
end
end


How do I configure different ports or directories?
Problem: Your app runs on a different port or you want custom screenshot locations.
Solution:
# In your spex file or config
setup_all do
  Application.put_env(:sexy_spex, :adapter, SexySpex.Adapters.ScenicMCP)
  Application.put_env(:sexy_spex, :port, 8888)  # Custom port
  Application.put_env(:sexy_spex, :screenshot_dir, "tmp/screenshots")  # Custom directory
  
  File.mkdir_p!("tmp/screenshots")
  :ok
end
Or via command line:
mix spex --port 8888 --app-path ../my-other-app

How do I run Spex in CI/automated environments?
Problem: Running spex tests in GitHub Actions, Jenkins, etc.
Solution:
# Use fast mode and no watch mode
mix spex --speed fast --verbose --timeout 120000

# For headless environments, ensure your app can start without GUI
MIX_ENV=test mix spex --only-spex --speed fast

Example GitHub Actions workflow:
- name: Run Spex Tests
  run: |
    mix deps.get
    mix compile
    # Start your app in background if needed
    mix spex --speed fast --timeout 180000
Writing Effective Spex
How do I write clear, maintainable spex?
Problem: Spex becoming hard to read or maintain.
Best Practices:
	Use descriptive names:
# Good
spex "User can create and save documents" do
scenario "New document creation workflow" do

# Bad  
spex "Test 1" do
scenario "Document stuff" do

	Keep scenarios focused:
# Good - single responsibility
scenario "Text input works correctly" do
given_ "empty editor", context do ... ; {:ok, context} end
when_ "user types text", context do ... ; {:ok, context} end
then_ "text appears", context do ... ; {:ok, context} end
end

scenario "File saving works correctly" do
given_ "document with content", context do ... ; {:ok, context} end
when_ "user saves file", context do ... ; {:ok, context} end
then_ "file is saved", context do ... ; {:ok, context} end
end

# Bad - doing too much
scenario "Complete editing workflow" do
# 20 lines of mixed concerns
end

	Use meaningful screenshots:
# Good - descriptive names
{:ok, _} = ScenicMCP.take_screenshot("user_login_form_displayed")
{:ok, _} = ScenicMCP.take_screenshot("after_successful_login")

# Bad - generic names
{:ok, _} = ScenicMCP.take_screenshot("test1")
{:ok, _} = ScenicMCP.take_screenshot("test2")


How do I handle setup and teardown?
Problem: Need to reset state between scenarios or clean up after tests.
IMPORTANT: Understanding setup vs setup_all timing
	setup_all: Runs ONCE when the test module loads, before ALL spex in the file
	setup: Runs before EACH individual spex (each spex "..." block), NOT before scenarios or Given/When/Then steps

Timeline Example:
defmodule MyApp.ExampleSpex do
  use SexySpex
  
  setup_all do
    IO.puts("🚀 setup_all: Runs ONCE when module loads")
    Application.ensure_all_started(:my_app)
    {:ok, %{shared_data: "available to all spex"}}
  end
  
  setup do
    IO.puts("🔧 setup: Runs before EACH spex block")
    {:ok, %{fresh_data: "reset for each spex"}}
  end
  
  spex "first test" do              # setup runs here!
    scenario "first scenario" do     # NO setup here
      # context has both shared_data and fresh_data
    end
    scenario "second scenario" do    # NO setup here
      # Same context as first scenario
    end
  end
  
  spex "second test" do             # setup runs again here!
    scenario "third scenario" do     # NO setup here  
      # fresh_data is reset, shared_data is the same
    end
  end
end
Output Timeline:
🚀 setup_all: Runs ONCE when module loads
🔧 setup: Runs before EACH spex block
  [first test scenarios run - all scenarios share same context]
🔧 setup: Runs before EACH spex block
  [second test scenarios run - fresh context]
Practical Solution:
defmodule MyApp.FeatureSpex do
  use SexySpex
  
  # Runs ONCE - start expensive resources
  setup_all do
    # Start application once for all tests
    Application.ensure_all_started(:my_app)
    
    # Cleanup when ALL tests are done
    on_exit(fn -> Application.stop(:my_app) end)
    
    {:ok, %{app_name: "my_app", port: 9999}}
  end
  
  # Runs before EACH spex - reset state
  setup do
    # Reset to clean state for each spex
    alias SexySpex.Adapters.ScenicMCP
    {:ok, _} = ScenicMCP.send_key("n", [:ctrl])  # New file
    {:ok, _} = ScenicMCP.send_key("a", [:ctrl])  # Select all
    {:ok, _} = ScenicMCP.send_key("delete")       # Clear
    
    {:ok, %{timestamp: DateTime.utc_now()}}
  end
  
  spex "Feature A testing" do
    # This spex gets fresh context from setup
    scenario "scenario 1" do
      # Shares context with other scenarios in this spex
    end
    scenario "scenario 2" do  
      # Same context as scenario 1
    end
  end
  
  spex "Feature B testing" do
    # This spex gets NEW fresh context from setup running again
    scenario "scenario 3" do
      # Fresh timestamp, clean application state
    end
  end
end
How do I pass data between test steps?
Problem: Need to share data between Given-When-Then steps in a scenario.
IMPORTANT: Context flows within scenarios, but setup timing affects what's available
	Within a scenario: Given/When/Then steps can pass data to each other
	Between scenarios in same spex: All scenarios share the same setup context
	Between different spex blocks: Each spex gets fresh setup context

Solution:
Use context passing to share data between steps, similar to ExUnit's setup callbacks.
Important: Every step with context must return {:ok, context}. There is no :ok shorthand — if a step doesn't change context, return {:ok, context} explicitly.
spex "User workflow with data sharing" do
  scenario "Creating and using a document" do
    given_ "a new document is created", context do
      document_name = "MyDocument_#{:rand.uniform(1000)}"
      ScenicMCP.send_text(document_name)
      ScenicMCP.send_key("enter")

      updated_context =
        context
        |> Map.put(:document_name, document_name)
        |> Map.put(:creation_time, DateTime.utc_now())

      {:ok, updated_context}
    end
    
    when_ "content is added to the document", context do
      # Use data from previous step
      content = "Created at #{context.creation_time}"
      ScenicMCP.send_text(content)
      
      # Add more data to context
      {:ok, Map.put(context, :content, content)}
    end
    
    then_ "the document can be saved with correct data", context do
      # Verify using data from all previous steps
      ScenicMCP.send_key("s", [:ctrl])
      
      assert String.contains?(context.document_name, "MyDocument")
      assert String.length(context.content) > 0
      
      {:ok, _} = ScenicMCP.take_screenshot("saved_#{context.document_name}")

      # No context changes — still must return {:ok, context}
      {:ok, context}
    end
  end
end
Without context (still flows context, just ignored):
scenario "Simple workflow without data sharing" do
  given_ "setup state", context do
    prepare_test()
    {:ok, context}
  end

  when_ "action occurs", context do
    perform_action()
    {:ok, context}
  end

  then_ "result is verified", context do
    verify_result()
    {:ok, context}
  end
end
Key Benefits:
	Data Flow: Variables flow naturally between test steps
	Cleaner Tests: No need to re-fetch or recreate data
	Better Assertions: Can verify data across the entire scenario
	Documentation: Context shows what data the test cares about

How do I handle context return values correctly?
Problem: Getting ArgumentError about "Step must return {:ok, context}" when running spex.
Solution:
Every step block — given_, when_, then_, and_, and registered givens — must return {:ok, context}. There is no implicit pass-through and no :ok shorthand. If a step doesn't change context, return {:ok, context} explicitly.
Valid Return Values
Pass context through unchanged:
given_ "application is running", context do
  assert MyApp.started?()
  {:ok, context}
end
Update context:
when_ "user creates a document", context do
  document = create_document("test.txt")
  {:ok, Map.put(context, :document, document)}
end
Multiple updates:
given_ "test data is prepared", context do
  user = create_user()
  session = login(user)

  updated =
    context
    |> Map.put(:user, user)
    |> Map.put(:session, session)
    |> Map.put(:timestamp, DateTime.utc_now())

  {:ok, updated}
end
Invalid Return Values (Will Raise Error)
# All of these raise ArgumentError:

given_ "bad example 1", context do
  create_user()  # returns %User{} — not {:ok, context}
end

when_ "bad example 2", context do
  true  # boolean
end

then_ "bad example 3", context do
  Map.put(context, :key, "value")  # bare map
end

and_ "bad example 4", context do
  :ok  # bare :ok is not allowed — must be {:ok, context}
end

then_ "bad example 5", context do
  {:error, "boom"}  # wrong tuple shape
end
Migration from earlier versions
Earlier versions accepted bare :ok (which kept context unchanged) and atom-given returns of {:ok, %{partial}} (which were merged into context). Both behaviors are removed. Migration:
# Before:
then_ "verify result", context do
  assert context.data.status == :ok
  :ok
end

# After:
then_ "verify result", context do
  assert context.data.status == :ok
  {:ok, context}
end

# Before — atom givens returned partial map that got merged:
register_given :admin_role, context do
  {:ok, %{role: :admin}}
end

# After — return the full context explicitly:
register_given :admin_role, context do
  {:ok, Map.put(context, :role, :admin)}
end
How do I test complex user workflows?
Problem: Need to test multi-step processes like "create account → login → use app → logout".
Solution:
spex "Complete user onboarding workflow" do
  alias SexySpex.Adapters.ScenicMCP
  
  scenario "New user complete journey" do
    given_ "application is at welcome screen", context do
      {:ok, _} = ScenicMCP.take_screenshot("welcome_screen")
      {:ok, context}
    end

    when_ "user starts registration process", context do
      {:ok, _} = ScenicMCP.send_text("newuser@example.com")
      {:ok, _} = ScenicMCP.send_key("tab")
      {:ok, _} = ScenicMCP.send_text("SecurePassword123")
      {:ok, _} = ScenicMCP.send_key("enter")
      {:ok, _} = ScenicMCP.take_screenshot("registration_submitted")
      {:ok, context}
    end

    and_ "completes profile setup", context do
      {:ok, _} = ScenicMCP.send_text("John Doe")
      {:ok, _} = ScenicMCP.send_key("tab")
      {:ok, _} = ScenicMCP.send_text("Software Developer")
      {:ok, _} = ScenicMCP.send_key("enter")
      {:ok, _} = ScenicMCP.take_screenshot("profile_completed")
      {:ok, context}
    end

    and_ "uses core application features", context do
      {:ok, _} = ScenicMCP.send_text("My first document")
      {:ok, _} = ScenicMCP.send_key("s", [:ctrl])
      {:ok, _} = ScenicMCP.take_screenshot("document_saved")
      {:ok, context}
    end

    then_ "user has successfully onboarded", context do
      {:ok, viewport} = ScenicMCP.inspect_viewport()
      assert viewport.active
      {:ok, _} = ScenicMCP.take_screenshot("onboarding_complete")
      {:ok, context}
    end
  end
end
Debugging & Troubleshooting
How do I debug failing spex?
Problem: Spex is failing and you need to understand why.
Debug Strategies:
	Use manual mode for step-by-step debugging:
mix spex test/spex/failing_test_spex.exs --manual --verbose


	Add diagnostic screenshots:
scenario "Debug failing interaction" do
given_ "setup state", context do
 {:ok, _} = ScenicMCP.take_screenshot("debug_01_initial_state")
 {:ok, context}
end

when_ "problematic action", context do
 {:ok, _} = ScenicMCP.take_screenshot("debug_02_before_action")
 {:ok, _} = ScenicMCP.send_text("problematic text")
 {:ok, _} = ScenicMCP.take_screenshot("debug_03_after_action")
 {:ok, context}
end

then_ "expected result", context do
 {:ok, viewport} = ScenicMCP.inspect_viewport()
 IO.inspect(viewport, label: "DEBUG VIEWPORT")
 {:ok, _} = ScenicMCP.take_screenshot("debug_04_final_state")
 {:ok, context}
end
end

	Use watch mode to keep app open:
mix spex --watch --verbose
# App stays running after tests for manual inspection



How do I handle timing issues?
Problem: Tests fail because actions happen too fast or the app needs time to update.
Solution:
scenario "Handling async operations" do
  when_ "triggering slow operation", context do
    {:ok, _} = ScenicMCP.send_key("f5")  # Refresh

    # Wait for operation to complete
    Process.sleep(2000)

    # Or retry until condition is met
    wait_for_condition(fn ->
      {:ok, viewport} = ScenicMCP.inspect_viewport()
      viewport.active
    end, timeout: 10_000)

    {:ok, context}
  end
end

# Helper function
defp wait_for_condition(condition_fn, opts \\ []) do
  timeout = Keyword.get(opts, :timeout, 5000)
  start_time = :os.system_time(:millisecond)
  
  wait_loop(condition_fn, start_time, timeout)
end

defp wait_loop(condition_fn, start_time, timeout) do
  if condition_fn.() do
    :ok
  else
    current_time = :os.system_time(:millisecond)
    if current_time - start_time > timeout do
      raise "Condition not met within timeout"
    else
      Process.sleep(100)
      wait_loop(condition_fn, start_time, timeout)
    end
  end
end
How do I deal with flaky tests?
Problem: Tests sometimes pass, sometimes fail.
Solution:
	Add retries for unreliable operations:
defp retry_action(action_fn, max_attempts \\ 3) do
retry_action(action_fn, max_attempts, 1)
end

defp retry_action(action_fn, max_attempts, attempt) do
try do
 action_fn.()
rescue
 error ->
   if attempt < max_attempts do
     Process.sleep(1000)
     retry_action(action_fn, max_attempts, attempt + 1)
   else
     reraise error, __STACKTRACE__
   end
end
end

scenario "Reliable operation" do
when_ "performing unreliable action", context do
 retry_action(fn ->
   {:ok, _} = ScenicMCP.send_key("f12")
   {:ok, viewport} = ScenicMCP.inspect_viewport()
   assert viewport.active
 end)

 {:ok, context}
end
end

	Use longer timeouts in slow environments:
mix spex --timeout 300000  # 5 minutes



Visual Testing
How do I compare screenshots between test runs?
Problem: Want to detect visual regressions.
Solution:
spex "Visual regression testing" do
  scenario "UI consistency check" do
    given_ "application in known state", context do
      reset_to_standard_state()
      {:ok, _} = ScenicMCP.take_screenshot("baseline_ui")
      {:ok, context}
    end

    when_ "no changes should occur", context do
      {:ok, _} = ScenicMCP.send_key("tab")
      {:ok, _} = ScenicMCP.send_key("tab")
      {:ok, context}
    end

    then_ "UI remains identical", context do
      {:ok, _} = ScenicMCP.take_screenshot("comparison_ui")

      baseline_path = "test/screenshots/baseline_ui.png"
      comparison_path = "test/screenshots/comparison_ui.png"

      assert File.exists?(baseline_path)
      assert File.exists?(comparison_path)
      # TODO: Implement actual image comparison
      # assert images_are_similar?(baseline_path, comparison_path)
      {:ok, context}
    end
  end
end
How do I test responsive layouts?
Problem: Need to test how UI adapts to different screen sizes.
Solution:
spex "Responsive layout testing" do
  scenario "UI adapts to different window sizes" do
    given_ "application at standard size", context do
      {:ok, _} = ScenicMCP.take_screenshot("standard_size")
      {:ok, context}
    end

    when_ "window is resized to mobile dimensions", context do
      # {:ok, _} = ScenicMCP.resize_window(400, 600)
      {:ok, _} = ScenicMCP.take_screenshot("mobile_size")
      {:ok, context}
    end

    and_ "window is resized to tablet dimensions", context do
      # {:ok, _} = ScenicMCP.resize_window(768, 1024)
      {:ok, _} = ScenicMCP.take_screenshot("tablet_size")
      {:ok, context}
    end

    then_ "layouts adapt appropriately", context do
      {:ok, viewport} = ScenicMCP.inspect_viewport()
      assert viewport.active
      {:ok, context}
    end
  end
end
Integration Workflows
How do I integrate Spex with my development workflow?
Problem: Want to use SexySpex effectively during development.
Development Workflow:
# 1. During feature development - manual mode for exploration
mix spex test/spex/new_feature_spex.exs --manual --watch

# 2. Quick validation - fast automated run
mix spex --pattern "**/smoke_*" --speed fast

# 3. Full test suite before commit
mix spex --verbose

# 4. CI environment - fast and reliable
mix spex --speed fast --timeout 300000

How do I organize spex files?
Problem: Growing test suite needs organization.
Recommended Structure:
test/spex/
├── smoke/
│   ├── basic_functionality_spex.exs
│   └── app_startup_spex.exs
├── features/
│   ├── text_editing_spex.exs
│   ├── file_operations_spex.exs
│   └── user_preferences_spex.exs
├── integration/
│   ├── complete_workflows_spex.exs
│   └── cross_feature_spex.exs
├── visual/
│   ├── ui_consistency_spex.exs
│   └── responsive_layout_spex.exs
└── edge_cases/
    ├── error_handling_spex.exs
    └── performance_spex.exs
Run by category:
mix spex --pattern "**/smoke/*"      # Quick health checks
mix spex --pattern "**/features/*"   # Feature-specific tests  
mix spex --pattern "**/integration/*" # End-to-end workflows

How do I share spex between team members?
Problem: Ensuring consistent spex execution across team.
Solution:
	Create shared configuration:
# test/spex/shared_config.exs
defmodule SpexConfig do
def setup_common do
 Application.put_env(:sexy_spex, :adapter, SexySpex.Adapters.ScenicMCP)
 Application.put_env(:sexy_spex, :port, 9999)
 Application.put_env(:sexy_spex, :screenshot_dir, "test/screenshots")
 
 File.mkdir_p!("test/screenshots")
end

def wait_for_standard_state do
 alias SexySpex.Adapters.ScenicMCP
 
 # Common wait patterns
 assert ScenicMCP.wait_for_app(9999, 10)
 {:ok, _} = ScenicMCP.send_key("n", [:ctrl])  # New file
 Process.sleep(1000)  # Let UI settle
end
end

	Document team conventions:
# In each spex file
defmodule MyApp.FeatureSpex do
use SexySpex

setup_all do
 Code.require_file("test/spex/shared_config.exs")
 SpexConfig.setup_common()
 :ok
end

setup do
 SpexConfig.wait_for_standard_state()
 :ok
end

# Team convention: always take before/after screenshots
spex "Feature description" do
 scenario "What it tests" do
   given_ "starting state", context do
     {:ok, _} = ScenicMCP.take_screenshot("#{@scenario}_before")
     {:ok, context}
   end

   when_ "action occurs", context do
     # ... test actions
     {:ok, context}
   end

   then_ "result is verified", context do
     {:ok, _} = ScenicMCP.take_screenshot("#{@scenario}_after")
     {:ok, context}
   end
 end
end
end


Advanced Patterns
How do I create reusable given statements?
Problem: Same setup code is duplicated across multiple scenarios and spex files.
Solution: register givens by atom and invoke them with given_ :name
defmodule MyApp.UserSpex do
  use SexySpex

  register_given :logged_in_user, context do
    user = %{id: 1, name: "Test User", email: "test@example.com"}
    {:ok, Map.put(context, :user, user)}
  end

  register_given :admin_privileges, context do
    {:ok, Map.put(context, :role, :admin)}
  end

  register_given :empty_database, context do
    MyApp.Repo.delete_all(MyApp.User)
    {:ok, context}
  end

  spex "User dashboard" do
    scenario "admin sees all users" do
      given_ :logged_in_user
      given_ :admin_privileges

      then_ "admin data is available", context do
        assert context.user.name == "Test User"
        assert context.role == :admin
        {:ok, context}
      end
    end

    scenario "regular user view" do
      given_ :logged_in_user

      then_ "user data is available", context do
        assert context.user != nil
        {:ok, context}
      end
    end
  end
end
Key behaviors:
	register_given :name, context do … end compiles to def name(context) — a normal public function
	The block must return {:ok, context} — the returned context replaces the current context (no merge)
	given_ :name resolves name/1 via standard Elixir scoping (local def first, then imports)
	Multiple registered givens can be chained — each builds on the previous context

How do I share givens across multiple spex files?
Problem: Need the same setup code in different spex modules.
Solution: a SexySpex.Givens module + plain import
	Create a shared givens module:
# test/spex/support/shared_givens.ex
defmodule MyApp.SharedGivens do
use SexySpex.Givens

register_given :logged_in_user, context do
 {:ok, Map.put(context, :user, %{id: 1, name: "Test User"})}
end

register_given :with_test_data, context do
 {:ok,
  context
  |> Map.put(:users, [%{id: 1}, %{id: 2}])
  |> Map.put(:products, [%{id: 1, name: "Widget"}])}
end

register_given :clean_state, context do
 MyApp.reset_all()
 {:ok, context}
end
end

	Use them with a normal import:
# test/spex/user_spex.exs
Code.require_file("support/shared_givens.ex", __DIR__)

defmodule MyApp.UserSpex do
use SexySpex
import MyApp.SharedGivens

register_given :local_setup, context do
 {:ok, Map.put(context, :local, true)}
end

spex "User features" do
 scenario "with shared setup" do
   given_ :logged_in_user
   given_ :with_test_data
   given_ :local_setup

   then_ "all data available", context do
     assert context.user != nil
     assert context.users != nil
     assert context.local == true
     {:ok, context}
   end
 end
end
end

	Reuse in another spex file:
# test/spex/product_spex.exs
Code.require_file("support/shared_givens.ex", __DIR__)

defmodule MyApp.ProductSpex do
use SexySpex
import MyApp.SharedGivens

spex "Product features" do
 scenario "with same shared setup" do
   given_ :logged_in_user
   given_ :with_test_data

   then_ "products available", context do
     assert length(context.products) > 0
     {:ok, context}
   end
 end
end
end


Local definitions shadow imports — the same way any imported function would. There's nothing spex-specific about the resolution.
How do I mix atom givens with inline givens?
Problem: Some setup is reusable, but you also need scenario-specific setup.
Solution:
defmodule MyApp.MixedSpex do
  use SexySpex

  register_given :base_user, context do
    {:ok, Map.put(context, :user, %{id: 1, name: "Test User"})}
  end

  spex "Mixed setup approaches" do
    scenario "combining reusable and inline" do
      given_ :base_user

      given_ "specific document for this test", context do
        doc = %{id: 42, title: "Test Doc", owner_id: context.user.id}
        {:ok, Map.put(context, :document, doc)}
      end

      then_ "both are available", context do
        assert context.user.id == 1
        assert context.document.owner_id == context.user.id
        {:ok, context}
      end
    end
  end
end
How do I create reusable scenario macros?
Problem: Need to reuse entire scenarios, not just givens.
Solution:
# test/spex/shared_scenarios.exs
defmodule SharedScenarios do
  defmacro login_scenario do
    quote do
      scenario "User login process" do
        alias SexySpex.Adapters.ScenicMCP

        given_ "user is at login screen", context do
          {:ok, _} = ScenicMCP.take_screenshot("login_screen")
          {:ok, context}
        end

        when_ "user enters valid credentials", context do
          {:ok, _} = ScenicMCP.send_text("user@example.com")
          {:ok, _} = ScenicMCP.send_key("tab")
          {:ok, _} = ScenicMCP.send_text("password123")
          {:ok, _} = ScenicMCP.send_key("enter")
          {:ok, context}
        end

        then_ "user is logged in", context do
          {:ok, _} = ScenicMCP.take_screenshot("logged_in")
          {:ok, context}
        end
      end
    end
  end
end

# Usage in multiple spex files
defmodule MyApp.DashboardSpex do
  use SexySpex
  require SharedScenarios
  
  spex "Dashboard functionality" do
    SharedScenarios.login_scenario()
    
    scenario "Dashboard-specific tests" do
      # ... specific tests
    end
  end
end
How do I test error conditions?
Problem: Need to verify application handles errors gracefully.
Solution:
spex "Error handling validation" do
  scenario "Invalid input handling" do
    given_ "application in normal state", context do
      {:ok, _} = ScenicMCP.take_screenshot("normal_state")
      {:ok, context}
    end

    when_ "invalid input is provided", context do
      invalid_inputs = [
        "\x00\x01\x02",
        "A" <> String.duplicate("x", 10000),
        "🚀" <> String.duplicate("💥", 100)
      ]

      Enum.each(invalid_inputs, fn input ->
        {:ok, _} = ScenicMCP.send_text(input)
        {:ok, _} = ScenicMCP.send_key("enter")
        Process.sleep(100)
      end)

      {:ok, context}
    end

    then_ "application remains stable", context do
      {:ok, viewport} = ScenicMCP.inspect_viewport()
      assert viewport.active, "App should handle invalid input gracefully"
      {:ok, _} = ScenicMCP.take_screenshot("after_invalid_input")
      {:ok, context}
    end
  end

  scenario "Memory pressure handling" do
    when_ "application is stressed with rapid actions", context do
      for _i <- 1..100 do
        {:ok, _} = ScenicMCP.send_text("test")
        {:ok, _} = ScenicMCP.send_key("backspace")
      end

      {:ok, context}
    end

    then_ "application maintains performance", context do
      {:ok, viewport} = ScenicMCP.inspect_viewport()
      assert viewport.active
      {:ok, context}
    end
  end
end
How do I test performance characteristics?
Problem: Want to validate application responsiveness.
Solution:
spex "Performance validation" do
  scenario "Response time under normal load" do
    when_ "user performs common actions", context do
      start_time = :os.system_time(:millisecond)

      {:ok, _} = ScenicMCP.send_text("Performance test document")
      {:ok, _} = ScenicMCP.send_key("enter")
      {:ok, _} = ScenicMCP.send_key("s", [:ctrl])

      end_time = :os.system_time(:millisecond)
      {:ok, Map.put(context, :response_time, end_time - start_time)}
    end

    then_ "actions complete within reasonable time", context do
      assert context.response_time < 2000,
             "Actions took #{context.response_time}ms, expected < 2000ms"

      {:ok, viewport} = ScenicMCP.inspect_viewport()
      assert viewport.active
      {:ok, context}
    end
  end
end

This how-to guide should help you solve common problems and implement effective testing patterns with SexySpex. For more specific issues, check the Troubleshooting Guide or Technical Reference.


  

    Living Documentation Through AI-Optimized Specifications for Elixir

A methodology for building executable specifications that supercharge AI-driven development
Based on comprehensive research into existing BDD frameworks, AI optimization patterns, technical implementation strategies, cross-language approaches, and practical examples, this report presents a unified methodology for creating living documentation through specifications specifically optimized for AI-driven Elixir development.
The Problem with Traditional BDD in AI Workflows
Traditional BDD tools like Cucumber were designed for human collaboration, not AI assistance. Research reveals critical limitations:
Verbosity and Token Inefficiency: Gherkin's natural language approach consumes significant context window space with phrases like "Given I am on the registration page" instead of structured data. Token analysis shows switching from natural language to structured formats like YAML can save 190 tokens per request on average.
Ambiguous References: Steps like "click the first result" or "the user should see appropriate content" lack the precision AI needs for reliable code generation. AI models struggle with implicit context and require explicit, unambiguous specifications.
Complex State Management: The Given-When-Then structure enforces procedural thinking with complex state passing between steps, making it difficult for AI to understand the complete context and generate correct implementations.
Framework Fragmentation: The Elixir BDD ecosystem is fragmented (ESpec, Cabbage, White Bread) with no clear winner. Most have maintenance issues, limited adoption, and poor AI tool integration. This creates additional complexity for AI assistants trying to generate appropriate test code.
The AI-Optimized Specification Approach
Core Innovation: Structured Living Documentation
The methodology combines three key innovations:
	Property-Based Specifications (inspired by Clojure.spec and QuickCheck)
	Contract-Driven Development (adapted from Design by Contract)
	AI-Optimized Formats (following llms.txt principles)

Implementation Architecture
defmodule SpecFramework do
  @moduledoc """
  Living documentation framework optimized for AI-driven development.
  Combines property-based testing, contracts, and structured specifications.
  """
  
  defmacro __using__(_opts) do
    quote do
      import SpecFramework.DSL
      use ExUnit.Case, async: true
      
      @before_compile SpecFramework.Compiler
    end
  end
end

defmodule SpecFramework.DSL do
  defmacro specification(name, opts \\ [], do: block) do
    quote do
      @spec_metadata %{
        name: unquote(name),
        context: unquote(opts[:context]) || %{},
        examples: unquote(opts[:examples]) || [],
        properties: unquote(opts[:properties]) || []
      }
      
      # Generate both test and documentation
      test "Spec: #{unquote(name)}" do
        unquote(block)
      end
      
      # Generate AI-readable documentation
      @doc """
      ## Specification: #{unquote(name)}
      
      #{unquote(opts[:description])}
      
      ### Context
      #{inspect(unquote(opts[:context]), pretty: true)}
      
      ### Examples
      #{format_examples(unquote(opts[:examples]))}
      """
      def unquote(:"spec_#{name |> String.replace(" ", "_")}")() do
        unquote(block)
      end
    end
  end
end
Practical Specification Format
1. YAML-Based Specifications (For Complex Systems)
# specs/user_authentication.yaml
specification:
  name: "User Authentication System"
  version: "1.0.0"
  elixir_context:
    framework: "Phoenix"
    version: "1.7+"
    patterns: ["changeset_validation", "guardian_jwt"]
    
  contracts:
    - name: "register_user"
      input:
        type: "map"
        required: ["email", "password"]
        properties:
          email:
            type: "string"
            format: "email"
            constraints: ["unique", "lowercase"]
          password:
            type: "string"
            min_length: 8
      output:
        success: 
          pattern: "{:ok, %User{}}"
          fields: ["id", "email", "inserted_at"]
        error:
          pattern: "{:error, %Ecto.Changeset{}}"
          
  properties:
    - description: "All registered emails are unique"
      generator: "email_generator()"
      assertion: |
        forall email <- email_generator() do
          register_user(%{email: email, password: "valid_pass"})
          case register_user(%{email: email, password: "other_pass"}) do
            {:error, changeset} -> 
              assert {:email, {"has already been taken", _}} in changeset.errors
            _ -> false
          end
        end
        
  examples:
    - name: "Successful registration"
      input: {email: "test@example.com", password: "secure123"}
      output: {:ok, %User{email: "test@example.com"}}
    - name: "Duplicate email"
      setup: "register_user(%{email: 'existing@example.com', password: 'pass123'})"
      input: {email: "existing@example.com", password: "newpass123"}
      output: {:error, %Ecto.Changeset{errors: [email: {"has already been taken", []}]}}
2. Markdown + Code (For Simpler Specifications)
# Payment Processing Specification

> AI Context: Phoenix 1.7+, Stripe integration, idempotency required

## Contract

@spec process_payment(map()) :: {:ok, Payment.t()} | {:error, atom() | Changeset.t()}
def process_payment(%{
  "amount" => amount,
  "currency" => currency,
  "source" => source,
  "idempotency_key" => key
}) when is_integer(amount) and amount > 0

## Properties

1. **Idempotency**: Same payment request with same key returns same result
2. **Amount validation**: Only positive integers accepted
3. **Currency support**: Only USD, EUR, GBP supported

## Examples

### Success Case
process_payment(%{
  "amount" => 1000,  # $10.00
  "currency" => "USD",
  "source" => "tok_visa",
  "idempotency_key" => "order_123"
})
=> {:ok, %Payment{id: "pay_xyz", amount: 1000, status: "succeeded"}}

### Duplicate Request
First call
 = process_payment(%{"idempotency_key" => "order_123", ...})
Second call with same key
 = process_payment(%{"idempotency_key" => "order_123", ...})
assert payment1.id == payment2.id  # Same payment returned

Integration with Mix Test
Custom Mix Task
# lib/mix/tasks/spec.ex
defmodule Mix.Tasks.Spec do
  use Mix.Task
  
  @shortdoc "Runs specifications with AI-optimized reporting"
  
  def run(args) do
    Mix.Task.run("app.start")
    
    # Configure for specification mode
    ExUnit.configure(
      formatters: [SpecFramework.Formatter],
      include: [spec: true]
    )
    
    # Load specifications
    load_yaml_specs()
    load_markdown_specs()
    
    # Run tests
    ExUnit.run()
    
    # Generate living documentation
    SpecFramework.DocGenerator.generate()
  end
  
  defp load_yaml_specs do
    Path.wildcard("specs/**/*.yaml")
    |> Enum.each(&SpecFramework.YamlLoader.load/1)
  end
end
Living Documentation Generation
defmodule SpecFramework.DocGenerator do
  def generate do
    specs = collect_all_specs()
    
    # Generate llms.txt for AI tools
    generate_llms_txt(specs)
    
    # Generate ExDoc compatible documentation
    generate_exdoc_pages(specs)
    
    # Validate specification coverage
    validate_implementation_coverage(specs)
  end
  
  defp generate_llms_txt(specs) do
    content = """
    # #{Mix.Project.config()[:app]} Specifications
    
    > Living documentation for AI-driven development
    
    ## Specifications
    #{Enum.map(specs, &format_spec_link/1) |> Enum.join("\n")}
    
    ## Context
    - Elixir #{System.version()}
    - Phoenix #{Application.spec(:phoenix, :vsn)}
    - Property-based testing with StreamData
    - Contract validation with compile-time checks
    """
    
    File.write!("llms.txt", content)
  end
end
Framework vs. Methodology Decision
The research strongly suggests starting with a methodology rather than a full framework:
Why Methodology First
	Lower Adoption Barrier: Teams can gradually adopt practices without changing their entire test infrastructure
	ExUnit Compatibility: Leverages existing Elixir testing tools rather than replacing them  
	Flexibility: Allows teams to customize the approach for their specific needs
	AI Tool Evolution: As AI tools rapidly evolve, a methodology can adapt more easily than a rigid framework

Core Methodology Components
1. Specification Structure
	Use YAML/JSON for complex data structures and API contracts
	Use Markdown with code blocks for behavioral specifications
	Include explicit AI context blocks with framework versions and patterns
	Organize specifications alongside code in specs/ directory

2. Property-Based Contracts
defmodule UserSpec do
  use ExUnitProperties
  
  property "email uniqueness is enforced" do
    check all email <- StreamData.string(:alphanumeric, min_length: 5) do
      email_with_domain = "#{email}@test.com"
      
      # First registration should succeed
      assert {:ok, _} = register_user(%{email: email_with_domain, password: "pass123"})
      
      # Second registration should fail
      assert {:error, changeset} = register_user(%{email: email_with_domain, password: "pass456"})
      assert "has already been taken" in errors_on(changeset).email
    end
  end
end
3. Living Documentation Validation
# test/support/spec_validator.ex
defmodule SpecValidator do
  def validate_module_specs(module, spec_file) do
    specs = parse_spec_file(spec_file)
    actual_functions = module.__info__(:functions)
    
    Enum.each(specs.contracts, fn contract ->
      assert {contract.name, contract.arity} in actual_functions,
        "Missing implementation for #{contract.name}/#{contract.arity}"
        
      # Validate examples actually work
      Enum.each(contract.examples, fn example ->
        result = apply(module, contract.name, example.input)
        assert match?(example.output_pattern, result),
          "Example failed: expected #{inspect(example.output_pattern)}, got #{inspect(result)}"
      end)
    end)
  end
end
Best Practices for AI-Driven Development
1. Context-Rich Specifications
Always include an AI context block:
ai_context:
  elixir_version: "1.15+"
  framework: "Phoenix LiveView"
  key_patterns:
    - "Use pattern matching for all function definitions"
    - "Return {:ok, result} | {:error, reason} tuples"
    - "Use with statements for complex error handling"
  avoid:
    - "Don't use exceptions for control flow"
    - "Don't create deeply nested case statements"
2. Executable Examples Over Abstract Descriptions
Instead of: "The function should validate user input"
Write:
examples:
  - input: %{email: "test@example.com", age: 25}
    output: {:ok, %User{email: "test@example.com", age: 25}}
  - input: %{email: "invalid", age: 25}
    output: {:error, %{email: ["invalid format"]}}
  - input: %{email: "test@example.com", age: -1}
    output: {:error, %{age: ["must be greater than 0"]}}
3. Property Definitions for Edge Cases
properties:
  - name: "handles all valid email formats"
    generator: "valid_email_generator()"
    assertion: "validate_email(email) == {:ok, normalize_email(email)}"
    
  - name: "rejects emails over 255 characters"
    generator: "string(:alphanumeric, min_length: 256)"
    assertion: "match?({:error, _}, validate_email(email <> \"@test.com\"))"
Comparison with Traditional Approaches
	Aspect	Traditional BDD (Cucumber)	AI-Optimized Specifications
	Primary Goal	Human stakeholder communication	AI and human understanding
	Format	Natural language (Gherkin)	Structured data (YAML/Markdown)
	Token Efficiency	Low (verbose descriptions)	High (concise, structured)
	Execution Model	Separate test runner	Integrated with ExUnit
	Maintenance	High (step definitions + features)	Low (single source of truth)
	AI Compatibility	Poor (ambiguous references)	Excellent (explicit contracts)
	Property Testing	Not supported	Native integration
	Type Integration	None	Dialyzer specs included

Implementation Roadmap
Phase 1: Adopt the Methodology (Month 1)
	Create specs/ directory structure
	Write first specifications in YAML/Markdown
	Add property-based tests for core functions
	Generate llms.txt file for AI tools

Phase 2: Build Supporting Tools (Months 2-3)
	Create specification parser for YAML/Markdown
	Build ExUnit integration helpers
	Implement specification validator
	Add mix spec task

Phase 3: Expand Coverage (Months 3-6)
	Convert existing tests to specifications
	Train team on specification writing
	Integrate with CI/CD pipeline
	Generate comprehensive documentation

Conclusion
The future of AI-driven development in Elixir lies not in adapting human-centric BDD tools, but in creating a new methodology that serves both human understanding and machine processing. By combining property-based testing, contract specifications, and AI-optimized formats, teams can create living documentation that:
	Reduces development time by providing clear, unambiguous specifications for AI assistants
	Improves code quality through property-based testing and contract validation
	Maintains synchronization between documentation and implementation automatically
	Scales efficiently with the codebase while remaining maintainable

This methodology represents a fundamental shift from "writing tests for humans to read" to "writing specifications that both humans and AI can understand and execute." The key is starting with simple practices and gradually building more sophisticated tooling as the approach proves its value.


  

    📚 Spex Framework - Technical Reference

Following the "5 Types of Documentation" framework for comprehensive coverage
🎯 1. TUTORIALS (Learning-Oriented)
Getting Started with Spex
Your First Spex in 5 Minutes:
	Add to your project:
# mix.exs
{:sexy_spex, path: "../spex", only: [:test, :dev]}

	Create your first spex:
# test/spex/calculator_spex.exs
defmodule Calculator.BasicSpex do
use SexySpex

spex "calculator can add numbers" do
 scenario "adding two positive numbers" do
   given_ "two numbers", context do
     {:ok, Map.merge(context, %{a: 5, b: 3})}
   end

   when_ "we add them", context do
     {:ok, Map.put(context, :result, Calculator.add(context.a, context.b))}
   end

   then_ "we get the sum", context do
     assert context.result == 8
     {:ok, context}
   end
 end
end
end

	Run it:
mix spex test/spex/calculator_spex.exs



Tutorial: GUI Testing with Scenic
Step-by-step guide for testing Scenic applications...
(See README.md for complete GUI testing tutorial)
🛠 2. HOW-TO GUIDES (Problem-Oriented)
How to Test File Operations
spex "file save functionality" do
  scenario "save to new file" do
    given_ "unsaved content", context do
      ScenicMCP.send_text("My document content")
      {:ok, context}
    end

    when_ "user saves with Ctrl+S", context do
      ScenicMCP.send_key("s", [:ctrl])
      # Handle save dialog...
      {:ok, context}
    end

    then_ "file is saved successfully", context do
      # Verification logic...
      {:ok, context}
    end
  end
end
How to Test Visual Changes
spex "UI updates correctly" do
  scenario "theme change" do
    given_ "light theme is active", context do
      {:ok, before} = ScenicMCP.take_screenshot("light_theme")
      {:ok, Map.put(context, :before, before)}
    end

    when_ "user switches to dark theme", context do
      ScenicMCP.send_key("t", ["ctrl", "shift"])  # Toggle theme
      {:ok, context}
    end

    then_ "UI changes to dark theme", context do
      {:ok, dark} = ScenicMCP.take_screenshot("dark_theme")
      # Could add image comparison here
      {:ok, Map.put(context, :after, dark)}
    end
  end
end
How to Create Custom Adapters
defmodule MyApp.CustomAdapter do
  @behaviour SexySpex.Adapter
  
  def setup do
    # Initialize your testing environment
  end
  
  def take_screenshot(filename) do
    # Your screenshot implementation
  end
  
  # Implement other required callbacks...
end
📖 3. EXPLANATION (Understanding-Oriented)
Why Spex Exists
The Problem: Traditional testing often creates a gap between requirements, tests, and documentation. Tests become stale, documentation gets outdated, and requirements are lost in translation.
The Solution: Spex provides executable specifications - tests that are written in business language and serve as living documentation. They:
	Express requirements in readable Given-When-Then format
	Execute as actual tests to validate functionality  
	Generate visual evidence through screenshots
	Remain synchronized with the codebase by necessity

AI-Driven Development: Spex is optimized for AI systems that can:
	Understand requirements written in natural language
	Generate executable specifications automatically
	Run tests against live applications
	Analyze results and iterate improvements

Architecture Philosophy
Adapter Pattern: Different testing environments need different approaches:
	Default Adapter: Basic testing without external dependencies
	ScenicMCP Adapter: GUI testing with visual feedback
	Custom Adapters: Extensible for any testing scenario

Reporter System: Clean separation between test execution and output formatting allows:
	Consistent visual output across different test types
	Easy customization of reporting format
	Integration with external reporting systems

DSL Design: The macro-based DSL provides:
	Compile-time validation of test structure
	Runtime flexibility for dynamic scenarios
	Clean integration with ExUnit for familiar testing patterns

When to Use Spex vs ExUnit
Use Spex When:
	Writing acceptance tests or integration tests
	Need visual evidence (screenshots)
	Testing GUI applications
	Requirements need to be readable by non-developers
	AI is involved in test generation or execution

Use ExUnit When:
	Writing unit tests for pure functions
	Testing internal implementation details
	Performance is critical (minimal overhead needed)
	No need for business-readable format

How the Spex Tag System Works
When you use SexySpex in a test module, it automatically adds @moduletag spex: true to the entire module. This leverages ExUnit's built-in tag filtering system:
defmodule MyApp.IntegrationSpex do
  use SexySpex  # This adds @moduletag spex: true automatically
  
  spex "user workflow" do
    # This creates a regular ExUnit test tagged with :spex
  end
end
Running Spex Tests:
	mix test - Runs all tests EXCEPT those tagged with :spex (ExUnit excludes them by default)
	mix test --include spex - Includes tests tagged with :spex in addition to regular tests
	mix test --only spex - Runs ONLY tests tagged with :spex
	mix spex - Custom task that starts the application and runs spex tests

This design allows spex tests to be excluded by default (since they may require special setup like GUI applications) while still being easily runnable when needed.
📋 4. REFERENCE (Information-Oriented)
Complete API Reference
Core Modules
Spex
Main entry point for the framework
	__using__/1 - Macro to set up spex environment
	setup/1 - Initialize adapters and configuration

SexySpex.DSL
Domain-specific language macros
	spex/2 - Define a specification	Parameters: name (string), opts (keyword list)
	Options: :description, :tags, :context, :fail_on_error_logs


	scenario/2 - Define a test scenario within a spex
	given_/1 - Execute a registered given by atom (see Reusable Givens below)
	given_/3 - Inline precondition: given_ "desc", context do … end
	when_/3 - Action: when_ "desc", context do … end
	then_/3 - Outcome: then_ "desc", context do … end
	and_/3 - Additional step: and_ "desc", context do … end
	register_given/3 - Register a reusable given by name

Step return contract (all forms): every step block must return {:ok, context}. Bare :ok is not allowed. There is no map-merge or pass-through magic — the value returned becomes the next step's context. If a step doesn't change context, return {:ok, context} explicitly.
Reusable Givens
Registering givens:
defmodule MySpex do
  use SexySpex

  register_given :logged_in_user, context do
    user = %{id: 1, name: "Test"}
    {:ok, Map.put(context, :user, user)}
  end

  register_given :with_admin_role, context do
    {:ok, Map.put(context, :role, :admin)}
  end

  register_given :reset_database, context do
    MyApp.Repo.delete_all(MyApp.User)
    {:ok, context}
  end
end
register_given compiles each given to a public function def name(context), so they can be called from the same module or any module that imports it.
Using registered givens:
scenario "example" do
  given_ :logged_in_user
  given_ :with_admin_role
  given_ :reset_database
end
SexySpex.Givens
Module for creating shared given libraries
Use SexySpex.Givens for modules that only define reusable givens (no spex/scenario macros pulled in). Consume them via plain Elixir import:
defmodule MyApp.SharedGivens do
  use SexySpex.Givens

  register_given :test_user, context do
    {:ok, Map.put(context, :user, %{id: 1})}
  end
end

defmodule MyApp.SomeSpex do
  use SexySpex
  import MyApp.SharedGivens

  spex "..." do
    scenario "..." do
      given_ :test_user
    end
  end
end
Lookup order: Local definitions shadow imports — same as any Elixir function call.
Note on Step Types: given_, when_, then_, and and_ are functionally identical — they only differ in the label written by the reporter. Each macro:
	Reports the step type and description to SexySpex.Reporter
	Executes the block (via SexySpex.StepExecutor for manual/timed modes)
	Validates the return value via SexySpex.Runtime.process_step_result/2
	Threads the returned context into the next step

Manual Mode and Step Control
Important: Manual mode pauses between DSL blocks, not between individual lines of code within each block.
Execution Flow:
scenario "example flow" do
  given_ "setup", context do
    # All code here executes without pause
    line1()
    line2()
    line3()
    {:ok, context}
  end
  # PAUSE HAPPENS HERE in manual mode

  when_ "action", context do
    # All code here executes without pause
    action1()
    action2()
    {:ok, context}
  end
  # PAUSE HAPPENS HERE in manual mode

  then_ "verification", context do
    # All code here executes without pause
    assert1()
    assert2()
    {:ok, context}
  end
end
For Fine-Grained Control: Break actions into smaller DSL blocks:
# Instead of:
when_ "complex user interaction", context do
  send_text("Hello")      # No pause
  send_key("backspace")   # No pause
  send_text(" World")     # No pause
  {:ok, context}
end

# Use multiple blocks:
when_ "user types Hello", context do
  send_text("Hello")
  {:ok, context}
end
# Pause here

and_ "user corrects text", context do
  send_key("backspace")
  {:ok, context}
end
# Pause here

and_ "user completes with World", context do
  send_text(" World")
  {:ok, context}
end
SexySpex.Reporter
Output formatting and progress tracking
	start_spex/2 - Begin reporting for a specification
	spex_passed/1 - Report successful completion
	spex_failed/2 - Report failure with error details
	start_scenario/1 - Begin scenario reporting
	scenario_passed/1 - Report scenario success
	scenario_failed/2 - Report scenario failure
	step/2 - Report individual Given-When-Then steps

Adapters
Adapter Architecture
You must explicitly specify an adapter - there is no default adapter. This ensures clear intent about your testing environment.
Required Adapter Functions:
	defaults/0 - Returns default configuration map
	setup/1 - Initialize adapter with configuration

SexySpex.Adapters.ScenicMCP
Scenic GUI testing adapter
	setup/0 - Verify MCP server connection
	app_running?/1 - Check TCP connection to MCP server
	wait_for_app/2 - Wait for MCP server to be ready
	execute_command/2 - Send commands via MCP protocol
	send_text/1 - Send text input to application
	send_key/2 - Send keyboard input with modifiers
	take_screenshot/1 - Capture application screenshots
	inspect_viewport/0 - Get application state information

Mix Tasks
Mix.Tasks.Spex
Command-line interface for running spex
Usage: mix spex [options] [files]
Options:
	--only-spex - Run only spex tests (skip ExUnit)
	--pattern PATTERN - File pattern to match (default: test/spex/*/_spex.exs)
	--verbose - Show detailed output
	--timeout MS - Test timeout in milliseconds
	--help - Show help message

Examples:
mix spex                                    # Run all spex
mix spex test/spex/user_login_spex.exs     # Run specific file
mix spex --pattern "**/integration_*.exs" # Pattern matching
mix spex --verbose --timeout 120000       # Verbose with 2min timeout

Configuration Reference
Application Configuration:
config :sexy_spex,
  adapter: SexySpex.Adapters.ScenicMCP,   # Default: SexySpex.Adapters.Default
  screenshot_dir: "test/screenshots", # Default: "."
  port: 9999                          # Default: 9999 (for ScenicMCP)
Runtime Configuration:
# In test setup
Application.put_env(:sexy_spex, :adapter, SexySpex.Adapters.ScenicMCP)
Application.put_env(:sexy_spex, :screenshot_dir, "tmp/screenshots")
Error Reference
Common Errors and Solutions:
	could not load spex.ex. Reason: enoent
	Cause: Wrong path in Code.require_file/2
	Solution: Check relative paths, use {:sexy_spex, path: ".."} in deps


	No Scenic MCP server detected on port 9999
	Cause: Scenic application not running with MCP enabled
	Solution: Start app with iex -S mix, verify scenic_mcp in deps


	Spex failed: module MySpex is not loaded
	Cause: Compilation errors in spex file
	Solution: Check syntax, ensure all modules are available



⚡ 5. TROUBLESHOOTING (Problem-Solving)
Common Issues
Spex Files Won't Load
# Error: could not load test/spex/my_spex.exs

Debugging Steps:
	Check file syntax: elixir -c test/spex/my_spex.exs
	Verify spex dependency: mix deps.get && mix deps.compile
	Check file paths in Code.require_file/2
	Ensure all required modules are available

ScenicMCP Connection Fails
# Error: No Scenic MCP server detected

Debugging Steps:
	Verify app is running: ps aux | grep beam

	Check port is open: lsof -i :9999
	Test connection manually: telnet localhost 9999
	Check scenic_mcp dependency in target app
	Verify MCP server starts with app

Screenshots Not Generated
# Error: Screenshot file does not exist

Debugging Steps:
	Check screenshot directory exists and is writable
	Verify adapter configuration
	Test with absolute paths
	Check disk space availability
	Review adapter implementation

Tests Pass but Features Don't Work
# Spex passes but feature is broken

Debugging Steps:
	Add more granular assertions
	Take screenshots at each step
	Add viewport inspection calls
	Test manually to verify expected behavior
	Add visual validation (OCR, image comparison)

Performance Issues
Slow Test Execution
	Reduce screenshot frequency
	Optimize sleep/wait times
	Run spex in parallel where possible
	Use mocking for expensive operations

Memory Usage
	Clean up screenshot files after tests
	Avoid keeping large objects in test state
	Use streaming for large data sets

Integration Issues
CI/CD Pipeline Integration
# Example GitHub Actions
- name: Run Spex Tests
  run: |
    mix deps.get
    mix spex --only-spex
    
- name: Archive Screenshots
  uses: actions/upload-artifact@v2
  with:
    name: spex-screenshots
    path: test/screenshots/
IDE Integration
	Configure test runner to recognize .exs files in test/spex/
	Set up screenshot viewer for test artifacts
	Configure syntax highlighting for spex DSL


📚 Additional Resources
	Hex Documentation: https://hexdocs.pm/spex
	GitHub Repository: (Your repo URL)
	Examples: See test/spex/ directory for working examples
	Support: Create issues on GitHub for questions/bugs


This technical reference covers all aspects of the Spex framework from learning to troubleshooting, ensuring developers can effectively use spex for AI-driven development workflows.


  

    Boundary Enforcement for Spex Tests

Spex includes a custom Mix compiler (Mix.Tasks.Compile.Spex) that integrates
with the Boundary library to enforce
black-box testing at compile time. When configured, any spex file that tries
to call an internal module directly (instead of going through the approved
testing interface) will produce a compiler warning.
Table of Contents
	Why Boundary Enforcement?
	How It Works
	Setup Guide
	Configuring Boundaries in Your App
	What Gets Checked
	Example: Quillex Setup
	Troubleshooting

Why Boundary Enforcement?
Without boundary enforcement, nothing stops a spex test from "reaching in" to
your application's internals:
# BAD - This bypasses the GUI entirely
defmodule MyApp.FileSpex do
  use SexySpex

  spex "File operations" do
    scenario "Open a file" do
      when_ "we open a file" do
        # Calling internal API directly - defeats the purpose of spex!
        MyApp.Internal.FileManager.open("/tmp/test.txt")
        :ok
      end
    end
  end
end
The whole point of spex is outside-in, black-box testing through a GUI
interface like ScenicMCP. If tests can reach into internals, they're just
regular unit tests with extra syntax.
With boundary enforcement, the above code produces a compile-time warning:
warning: forbidden reference to MyApp.Internal.FileManager
  (references from MyApp.Spex to MyApp are not allowed)
  test/spex/my_app/file_spex.exs:9
How It Works
The enforcement relies on three things working together:
	Boundary library - Defines which modules can call which other modules
	Boundary compiler (:boundary) - Traces all module references during
compilation
	Spex compiler (:spex) - Compiles .exs spex files through the same
tracer, then checks them against your boundary definitions

The compiler order matters. During mix compile:
:boundary   → Starts CompilerState, registers tracer
:elixir     → Compiles your app with tracer active (records all references)
:app        → Generates .app file, Boundary runs its checks
:spex       → Compiles spex .exs files, re-activates tracer, runs boundary check
The spex compiler forces all spex modules into a configured boundary (e.g.,
MyApp.Spex). That boundary's deps list controls what spex tests are allowed
to call. Anything not in deps is a violation.
Setup Guide
Step 1: Add Dependencies
In your application's mix.exs, add boundary and make sure you have
sexy_spex:
defp deps do
  [
    {:boundary, "~> 0.10", runtime: false},
    {:sexy_spex, path: "../spex", only: [:test, :dev]},
    # ... your other deps
  ]
end
Step 2: Configure Compilers
Add both :boundary and :spex to your compilers list. :boundary must come
before Mix.compilers() and :spex must come after:
def project do
  [
    compilers: [:boundary] ++ Mix.compilers() ++ [:spex],
    # ...
  ]
end
Step 3: Configure Spex Pattern and Boundary
Tell the spex compiler where your spex files live and which boundary to force
them into:
def project do
  [
    compilers: [:boundary] ++ Mix.compilers() ++ [:spex],
    spex: [
      pattern: "test/spex/**/*_spex.exs",
      boundary: MyApp.Spex
    ],
    # ...
  ]
end
The pattern is a glob that matches your spex files. The boundary is the
module name of the boundary all spex modules will be classified into (created in
the next step).
Step 4: Create Boundary Modules in Your App
You need to define at least two boundary modules in your application's lib/
directory.
The top-level boundary
Your application needs a top-level boundary. This tells Boundary that your
app's modules are organized:
# lib/my_app.ex (or wherever your top-level module is)
defmodule MyApp do
  use Boundary, top_level?: true, deps: [], exports: []
end
The spex boundary
This is the boundary that all spex modules get forced into. Its deps list is
the allowlist -- only modules belonging to these boundaries can be called
from spex tests:
# lib/my_app/spex_boundary.ex
defmodule MyApp.Spex do
  use Boundary, deps: [], exports: []
end
With deps: [], spex tests can only call modules from external apps (like
ScenicMCP, ExUnit, etc.) and nothing from within your app. That's maximum
black-box enforcement.
If you have test helpers that spex tests need, add them as a dependency (see
next step).
Step 5 (Optional): Allow Test Helpers
If you have test helper modules that spex tests should be able to use, create
a boundary for them and add it to the spex boundary's deps:
# lib/my_app/test_helpers.ex
defmodule MyApp.TestHelpers do
  use Boundary,
    deps: [],
    exports: [
      SemanticHelpers,    # These are RELATIVE to the boundary module name
      TextAssertions      # i.e. this exports MyApp.TestHelpers.TextAssertions
    ]
end
Then reference it from the spex boundary:
defmodule MyApp.Spex do
  use Boundary, deps: [MyApp.TestHelpers], exports: []
end
Important: Boundary exports are relative to the boundary module name.
exports: [SemanticHelpers] in a boundary called MyApp.TestHelpers exports
MyApp.TestHelpers.SemanticHelpers. If you accidentally write the full module
path in exports, you'll get double-prefixed names like
MyApp.TestHelpers.MyApp.TestHelpers.SemanticHelpers.
Step 6: Compile and Verify
MIX_ENV=test mix compile --force

You should see boundary violation warnings for any spex files that reference
your app's internal modules. Fix them by going through your testing interface
instead.
Configuring Boundaries in Your App
What deps to allow
Think about what spex tests legitimately need:
	Dependency	Why Allow It	How to Allow
	Test helpers	Viewport queries, assertions	Add as boundary dep
	External test libs	ScenicMCP, ExUnit, etc.	Automatic (different app)
	Your public API	If you have one	Add the API boundary as dep

What to not allow:
	Module	Why Block It
	Internal state modules	Tests shouldn't peek at state directly
	Internal business logic	Tests should go through the GUI
	Internal data structures	Tests shouldn't depend on implementation details

External app modules are not checked
Boundary only enforces boundaries within the same Mix application. Calls to
modules in other apps (like ScenicMcp.Query, ExUnit, Process, etc.) are
not checked and are always allowed. This is the desired behavior -- you
want spex tests to freely use ScenicMCP while being blocked from your app's
internals.
Boundary override vs auto-classification
The boundary: MyApp.Spex config option forces all spex modules into
that boundary, regardless of their module name. Without it, spex modules would
be auto-classified by their name prefix (e.g., MyApp.SomeSpex would fall
under the MyApp boundary).
The override is almost always what you want, because spex module names
typically start with your app's name (e.g., MyApp.LoginSpex) but shouldn't
have the same access as your app's internal modules.
What Gets Checked
The spex compiler checks all module references in your spex files:
	alias MyApp.SomeInternal -- caught
	MyApp.SomeInternal.some_function() -- caught
	%MyApp.SomeStruct{} -- caught
	import MyApp.SomeModule -- caught
	use MyApp.SomeMacro -- caught

References to modules in external apps are not checked:
	ScenicMcp.Query.rendered_text() -- allowed (different app)
	ExUnit.Assertions.assert/1 -- allowed (different app)
	Process.sleep/1 -- allowed (stdlib)

Example: Quillex Setup
Here's the complete setup used by the Quillex text editor:
mix.exs
defmodule QuillEx.MixProject do
  use Mix.Project

  def project do
    [
      app: :quillex,
      compilers: [:boundary] ++ Mix.compilers() ++ [:spex],
      spex: [
        pattern: "test/spex/**/*_spex.exs",
        boundary: Quillex.Spex
      ],
      deps: deps()
      # ...
    ]
  end

  defp deps do
    [
      {:boundary, "~> 0.10", runtime: false},
      {:sexy_spex, path: "../spex", only: [:test, :dev]},
      {:scenic_mcp, "...", only: [:dev, :test]},
      # ...
    ]
  end
end
Boundary definitions
# lib/quillex.ex
defmodule Quillex do
  use Boundary, top_level?: true, deps: [], exports: []
end

# lib/spex_integration.ex
defmodule Quillex.Spex do
  use Boundary, deps: [Quillex.TestHelpers], exports: []
end

# lib/test_helpers/boundary.ex
defmodule Quillex.TestHelpers do
  use Boundary,
    deps: [],
    exports: [
      SemanticHelpers,
      TextAssertions,
      SceneHelpers,
      ScriptInspector
    ]
end
What this enforces
Spex tests can call:
	ScenicMcp.Query.rendered_text() -- external app, not checked
	ScenicMcp.Probes.send_keys/2 -- external app, not checked
	Quillex.TestHelpers.SemanticHelpers.some_helper() -- allowed by deps

Spex tests cannot call:
	Quillex.Buffer.BufferManager.get_state() -- internal, blocked
	Quillex.API.FileAPI.open(path) -- internal, blocked
	Quillex.Structs.BufState -- internal, blocked

Attempting to use a blocked module produces:
warning: forbidden reference to Quillex.API.FileAPI
  (references from Quillex.Spex to Quillex are not allowed)
  test/spex/quillex/07_integration_v1_spex.exs:185
Troubleshooting
No boundary warnings appear
	Make sure :boundary is in your compilers list before Mix.compilers():
compilers: [:boundary] ++ Mix.compilers() ++ [:spex]

	Make sure you've defined a top-level boundary with use Boundary in your
app's main module.

	Run a full recompile: MIX_ENV=test mix compile --force


"forbidden_dep" errors on external modules
If your spex boundary lists an external module (from another app) in deps,
you'll get a "forbidden dep" error. Remove external modules from deps --
calls to external apps are allowed automatically:
# WRONG - ScenicMcp is in a separate app
defmodule MyApp.Spex do
  use Boundary, deps: [ScenicMcp, MyApp.TestHelpers], exports: []
end

# RIGHT - Only list same-app boundaries in deps
defmodule MyApp.Spex do
  use Boundary, deps: [MyApp.TestHelpers], exports: []
end
"unknown_export" with double-prefixed names
Boundary exports are relative to the boundary module. Don't use the full
module path:
# WRONG - produces MyApp.TestHelpers.MyApp.TestHelpers.SemanticHelpers
defmodule MyApp.TestHelpers do
  use Boundary, exports: [MyApp.TestHelpers.SemanticHelpers]
end

# RIGHT - produces MyApp.TestHelpers.SemanticHelpers
defmodule MyApp.TestHelpers do
  use Boundary, exports: [SemanticHelpers]
end
Spex compiler not running
The spex compiler only runs in :test environment. Make sure you're compiling
with MIX_ENV=test:
MIX_ENV=test mix compile --force

"unclassified_module" warnings
These come from the standard Boundary compiler and mean some of your app's
modules aren't inside any boundary. This is separate from spex enforcement.
You can either:
	Add more boundaries to cover those modules
	Ignore these warnings (they don't affect spex enforcement)



  

    🔧 Spex Troubleshooting Guide

This guide helps you diagnose and fix common issues when using SexySpex.
Quick Diagnosis
First, try these common fixes:
# 1. Clean restart
mix deps.get
mix compile
mix spex --help

# 2. Check if your app can start normally
cd your_app && iex -S mix

# 3. Verify port availability
lsof -i :9999

# 4. Test with manual mode for better debugging
mix spex --manual --verbose

Common Issues
Application Startup Issues
"Could not start application scenic_mcp"
Error:
** (Mix) Could not start application scenic_mcp: could not find application file: scenic_mcp.app
Cause: scenic_mcp dependency not available in test environment.
Solution:
# In mix.exs, ensure scenic_mcp is available in test
defp deps do
  [
    {:scenic_mcp, path: "../scenic_mcp", only: [:dev, :test]},  # Note: include :test
    # ... other deps
  ]
end
"Port 9999 already in use"
Error:
❌ MCP server failed to start on port 9999
[error] Failed to start TCP server on port 9999: :eaddrinuse
Cause: Another process is using the port.
Solutions:
# Find and kill the process
lsof -i :9999
kill -9 <PID>

# Or use a different port
mix spex --port 8888

# Or let spex handle cleanup
mix spex  # It should automatically kill existing processes

"Application takes too long to start"
Error:
❌ MCP server failed to start on port 9999
Cause: Application startup is slow or failing.
Solutions:
# 1. Increase timeout
mix spex --timeout 180000  # 3 minutes

# 2. Start app manually to debug
cd your_app && iex -S mix
# Check for compilation errors, missing dependencies, etc.

# 3. Check app logs for errors
mix spex --verbose  # Shows detailed startup logs

Test Execution Issues
"no function clause matching in String.trim/1"
Error:
** (FunctionClauseError) no function clause matching in String.trim/1
The following arguments were given to String.trim/1:
    # 1
    :eof
Cause: IO.gets returning :eof instead of string (common in automated environments).
Solution: This is already fixed in the latest version. If you see this:
# Update your spex dependency
mix deps.update spex

# Or run without manual mode in CI
mix spex --speed fast  # instead of --manual

Tests timeout
Error:
** (ExUnit.TimeoutError) test timed out after 60000ms
Solutions:
# 1. Increase global timeout
mix spex --timeout 300000  # 5 minutes

# 2. Use faster speed for CI
mix spex --speed fast

# 3. Break down long tests into smaller scenarios
# Instead of one long test, create multiple focused tests

"Cannot connect to MCP server"
Error:
⏳ Waiting for MCP server on port 9999...
❌ MCP server failed to start on port 9999
Diagnosis:
# 1. Check if your app starts normally
cd your_app && iex -S mix

# 2. Verify MCP server starts
# Look for: "ScenicMCP TCP server listening on port 9999"

# 3. Check firewall/network issues
telnet localhost 9999

Solutions:
# 1. Ensure your app includes scenic_mcp
# Check mix.exs application config

# 2. Verify port configuration
mix spex --port 9999  # or whatever port your app uses

# 3. Check for environment issues
MIX_ENV=test mix spex

Screenshot Issues
Screenshots not created
Problem: Screenshot commands succeed but files don't exist.
Diagnosis:
# Check screenshot directory
ls -la test/screenshots/

# Check permissions
mkdir -p test/screenshots && touch test/screenshots/test.txt

Solutions:
# Ensure directory creation in your spex
setup_all do
  File.mkdir_p!("test/screenshots")
  :ok
end

# Or use absolute paths
Application.put_env(:sexy_spex, :screenshot_dir, Path.expand("test/screenshots"))
Screenshot files are corrupted/unreadable
Problem: PNG files exist but can't be opened.
Cause: The current implementation creates placeholder text files, not actual screenshots.
Understanding: This is expected in the current version - screenshots are simulated. For real screenshots, you need:
	Actual MCP integration with your Scenic app
	Screenshot capture functionality in scenic_mcp
	Platform-specific graphics capture

Workaround: Use screenshots for test organization and flow documentation.
Manual Mode Issues
Manual mode doesn't wait for input
Problem: Manual mode continues without prompting.
Cause: Running in environment without proper stdin (CI, some terminals).
Solutions:
# 1. Ensure you're in interactive terminal
mix spex --manual  # Run directly in your terminal

# 2. For CI, use automated mode
mix spex --speed fast  # Don't use manual mode in CI

# 3. Check terminal setup
echo "Test input" | mix spex --manual  # Should not work
mix spex --manual  # Should prompt for input

Manual prompts appear but keypresses ignored
Problem: Prompts appear but 's', 'i', 'q' don't work.
Solutions:
# 1. Try pressing enter first, then the command
mix spex --manual
# At prompt: press 's' then ENTER (not just 's')

# 2. Check terminal encoding
# Ensure your terminal supports UTF-8

# 3. Use lowercase commands
# Use 's', not 'S'

Integration Issues
Spex don't find my application
Problem: Tests start but can't connect to your app.
Diagnosis:
# 1. Verify app path
mix spex --app-path /full/path/to/your/app

# 2. Check if app exists and compiles
cd /path/to/your/app && mix compile

# 3. Verify MIX_ENV
MIX_ENV=test mix spex

Solutions:
# 1. Use absolute paths
mix spex --app-path /Users/username/projects/myapp

# 2. Ensure app can start in test environment
cd your_app && MIX_ENV=test iex -S mix

# 3. Check dependencies
cd your_app && mix deps.get

Tests pass but don't seem to interact with app
Problem: All spex pass but you suspect they're not actually testing anything.
Solutions:
# 1. Use manual mode to observe
mix spex --manual --verbose

# 2. Check screenshot timestamps
ls -la test/screenshots/
# Timestamps should be recent

# 3. Add explicit viewport checks
{:ok, viewport} = ScenicMCP.inspect_viewport()
IO.inspect(viewport)  # Should show app state

Performance Issues
Tests run very slowly
Problem: Spex take much longer than expected.
Solutions:
# 1. Use faster speed
mix spex --speed fast

# 2. Reduce scenario scope
# Break large tests into smaller, focused tests

# 3. Remove unnecessary delays
# Check for long Process.sleep calls

# 4. Run specific tests
mix spex test/spex/specific_test.exs  # Don't run entire suite

Memory or CPU usage high
Problem: System resources spike during spex execution.
Solutions:
# 1. Monitor resource usage
top -p $(pgrep beam)

# 2. Run fewer tests concurrently
mix spex --sequential

# 3. Add cleanup between scenarios
setup do
  # Reset app state
  {:ok, _} = ScenicMCP.send_key("n", [:ctrl])
  :ok
end

Debugging Strategies
Strategy 1: Incremental Testing
Start simple and build up:
# 1. Basic connectivity test
spex "Connectivity check" do
  scenario "Can connect" do
    given_ "app should be running", context do
      assert ScenicMCP.app_running?()
      {:ok, context}
    end
  end
end

# 2. Add screenshot test
spex "Screenshot test" do
  scenario "Can take screenshot" do
    when_ "taking screenshot", context do
      {:ok, _} = ScenicMCP.take_screenshot("test")
      {:ok, context}
    end
  end
end

# 3. Add basic interaction
spex "Basic interaction" do
  scenario "Can send text" do
    when_ "sending text", context do
      {:ok, _} = ScenicMCP.send_text("test")
      {:ok, context}
    end
  end
end
Strategy 2: Verbose Logging
Add detailed logging to understand flow:
scenario "Debug scenario" do
  given_ "setup", context do
    IO.puts("DEBUG: Starting scenario")
    {:ok, _} = ScenicMCP.take_screenshot("debug_start")
    {:ok, context}
  end

  when_ "action", context do
    IO.puts("DEBUG: About to send text")
    {:ok, result} = ScenicMCP.send_text("test")
    IO.inspect(result, label: "DEBUG: Send text result")
    {:ok, context}
  end

  then_ "verification", context do
    IO.puts("DEBUG: Verifying result")
    {:ok, viewport} = ScenicMCP.inspect_viewport()
    IO.inspect(viewport, label: "DEBUG: Viewport state")
    {:ok, context}
  end
end
Strategy 3: Manual Inspection
Use manual mode to step through problematic tests:
# Run problematic test in manual mode
mix spex test/spex/problematic_test.exs --manual --verbose

# At each step:
# 1. Press 's' to take screenshot
# 2. Press 'i' to inspect viewport
# 3. Observe app state manually
# 4. Press ENTER to continue

Getting Help
Before Asking for Help
	Check this troubleshooting guide
	Try manual mode: mix spex --manual --verbose
	Check logs: Look for error messages in console output
	Verify basics: Can your app start normally?
	Test incrementally: Start with simple connectivity test

Information to Include
When reporting issues, include:
# 1. Version information
mix --version
elixir --version

# 2. Spex command that fails
mix spex test/spex/failing_test.exs --verbose

# 3. Full error output
# Copy entire error message and stack trace

# 4. Your spex file (or minimal reproduction)

# 5. App configuration
# mix.exs dependencies
# Application setup

Common Fix Patterns
Most issues fall into these categories:
	Dependencies: Missing or incorrect spex/scenic_mcp setup
	Ports: Port conflicts or incorrect port configuration  
	Timing: App takes time to start or tests run too fast
	Environment: CI vs local, test vs dev environment
	Permissions: File/directory access issues

The fix is usually:
	Update dependencies
	Clean restart with proper ports
	Add timeouts/delays
	Adjust environment configuration
	Fix file permissions


Still stuck? Create a minimal reproduction case and run with --verbose for detailed diagnostics.


  

    Changelog

All notable changes to this project will be documented in this file.
The format is based on Keep a Changelog,
and this project adheres to Semantic Versioning.
[0.2.1] - 2026-07-27
Fixed
	Restored the pre-0.2.0 step syntax. 0.2.0 replaced the implicit-context
macros with explicit-context forms and removed the originals, breaking every
project that had not migrated. Both forms now coexist — they are distinct
arities, so no call site is ambiguous:
	pre-0.2.0 (restored)	0.2.0 (still works)
	scenario "x", context do	scenario "x" do
	given_ "y" do … end	given_ "y", context do … {:ok, ctx} end
	same for when_, and_, then_	same for when_, and_, then_

Implicit-context steps run their block for side effects and pass context
through unchanged; they are not required to return {:ok, context}.
If you are on 0.2.0, upgrade to 0.2.1 — there is no reason to stay.


Added
	test/spex/legacy_syntax_spex.exs pinning both syntaxes, so the old forms
cannot be dropped again without a failing test.

[0.2.0] - 2026-07-27
Added
	Reusable givens — SexySpex.Givens with register_given/3. Shared givens
become public functions on the defining module and are pulled into a spex file
with a plain Elixir import.
	Boundary enforcement — boundary dependency and the Mix.Tasks.Compile.Spex
compiler, so spex files are checked against public interfaces at compile time.
See docs/BOUNDARY_ENFORCEMENT.md.
	Stale spex runs — mix spex --stale runs only spex files that changed or
that reference changed modules; --force resets the tracking manifest.
	JSONL failure output — mix spex --jsonl [PATH] writes failures as JSONL
(defaults to spex_failures.jsonl) for machine consumption.
	Custom formatters — mix spex --formatter to swap the ExUnit formatter.
	Error log crash detection — spex runs surface crashes reported through the
error logger rather than silently passing.
	--trace and --slowest N passthrough to ExUnit.

Changed
	BREAKING: context is passed as a function argument, matching ExUnit style,
instead of being threaded implicitly. Step bodies now take an explicit
context argument and return {:ok, context}.
	Output is quiet by default. The previous detailed Reporter output now
requires --verbose.

Fixed
	Modifier keys use atoms rather than strings.

[0.1.0] - 2024-07-06
Added
	Initial release of Spex framework
	Given-When-Then DSL for executable specifications
	Built on ExUnit with AI-optimized features
	Spex.Helpers module with semantic helper functions
	mix spex command for running specifications
	Manual mode with interactive step-by-step execution
	Built-in support for Scenic GUI testing
	Context flow between test steps
	Framework setup helpers for application lifecycle management
	Comprehensive documentation and examples

Features
	Core DSL: spex, scenario, given_, when_, then_, and_ macros
	Semantic Helpers: start_scenic_app/2, can_connect_to_scenic_mcp?/1, application_running?/1
	Manual Mode: Interactive testing with IEx shell integration
	Mix Integration: Dedicated mix spex command with proper lifecycle management
	GUI Testing: Built-in helpers for Scenic applications with MCP server integration
	Documentation: Comprehensive guides in /docs directory

Architecture
	Built on ExUnit for reliability and compatibility
	Controlled execution environment via mix spex only
	Automatic compilation and application lifecycle management
	Clean separation between framework and user code



  

    
SexySpex.ErrorCapture 
    



      
Captures error logs during spex execution.
This module provides a way to detect if any error logs were emitted during
test execution, allowing spex to fail if errors occur even if no assertion failed.
Usage
In your spex file, enable error capture:
use SexySpex, fail_on_error_logs: true
Or start/stop manually:
SexySpex.ErrorCapture.start()
# ... run tests ...
errors = SexySpex.ErrorCapture.get_errors()
SexySpex.ErrorCapture.stop()
How It Works
Uses an ETS table to store captured errors and a custom Logger handler
to intercept error-level log messages.
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    Functions
  


    
      
        check_and_raise!()

      


        Checks for errors and raises if any were found.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        clear()

      


        Clears all captured errors.



    


    
      
        error_count()

      


        Returns error count.



    


    
      
        format_errors()

      


        Formats captured errors for display.



    


    
      
        get_errors()

      


        Returns all captured errors.



    


    
      
        has_errors?()

      


        Returns true if any errors were captured.



    


    
      
        start()

      


        Starts the error capture process and installs the Logger handler.



    


    
      
        stop()

      


        Stops the error capture process and removes the Logger handler.
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Checks for errors and raises if any were found.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.
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Clears all captured errors.
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Returns error count.
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Formats captured errors for display.
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Returns all captured errors.
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Returns true if any errors were captured.
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Starts the error capture process and installs the Logger handler.

  



  
    
      
    
    
      stop()



        
          
        

    

  


  

Stops the error capture process and removes the Logger handler.

  


        

      


  

    
SexySpex.Givens 
    



      
Defines a module of shared, reusable givens.
use SexySpex.Givens makes register_given/3 available so the module
can register givens. Each registered given becomes a public function on
the module, callable from any spex module that does a normal Elixir
import.
Example
defmodule MyApp.SharedGivens do
  use SexySpex.Givens

  register_given :logged_in_user, context do
    {:ok, Map.put(context, :user, %{id: 1, name: "Test"})}
  end

  register_given :empty_database, context do
    MyApp.Repo.delete_all(MyApp.User)
    {:ok, context}
  end
end
Use them in spex files via plain import:
defmodule MyApp.UserSpex do
  use SexySpex
  import MyApp.SharedGivens

  spex "user management" do
    scenario "admin views users" do
      given_ :logged_in_user
      given_ :empty_database

      when_ "viewing users list", context do
        {:ok, context}
      end
    end
  end
end

      




  

    
SexySpex 
    



      
Executable specifications for AI-driven development.
SexySpex provides a framework for writing executable specifications that serve as
both tests and living documentation, optimized for AI-driven development workflows.
Technical Architecture
SexySpex is built on top of ExUnit but provides a controlled execution environment
specifically designed for AI-driven testing. Here's how it works:
Core Architecture
	ExUnit Foundation: SexySpex uses ExUnit.Case under the hood for all test execution
	Custom DSL: Adds spex/scenario/given/when/then_ macros via SexySpex.DSL
	Controlled Execution: Only runs via mix spex command, never through mix test
	Framework Helpers: Provides SexySpex.Helpers for common patterns like app startup

Execution Flow
mix spex → Mix.Tasks.Spex → ExUnit.start() → Load spex files → ExUnit.run()
Why Not Standard ExUnit?
	Compilation Control: mix spex ensures proper compilation for complex dependency trees
	Application Lifecycle: Better control over starting/stopping GUI applications
	AI-Optimized: Manual mode, step-by-step execution, semantic helpers
	Cleaner Interface: No confusion about tags, includes, or execution methods

File Structure
test/spex/
  hello_world_spex.exs     # Basic connectivity test
  user_workflow_spex.exs   # Complex user interactions
  screenshots/             # Generated screenshots
Under the Hood
When you write:
use SexySpex
You get:
use ExUnit.Case, async: false  # Standard ExUnit test case
import SexySpex.DSL               # spex/scenario/given_/when_/then_
require Logger                # Logging support
This means you have access to all standard ExUnit features:
	assert, refute, assert_raise, etc.
	setup_all, setup callbacks
	on_exit for cleanup
	Pattern matching in tests

SexySpex vs ExUnit
	Feature	SexySpex	ExUnit
	Execution	mix spex only	mix test
	File Pattern	*_spex.exs	*_test.exs
	DSL	Given/When/Then	test/describe
	Target Use	AI-driven GUI testing	General testing
	Manual Mode	✅ Built-in	❌ Not available
	App Lifecycle	✅ Helpers provided	Manual setup
	Error Log Detection	✅ Automatic	❌ Manual

Integration with Scenic Applications
SexySpex provides special helpers for Scenic GUI applications:
	SexySpex.Helpers.start_scenic_app/2 - Start app with MCP server
	SexySpex.Helpers.can_connect_to_scenic_mcp?/1 - Test connectivity
	SexySpex.Helpers.application_running?/1 - Check app status

This makes AI-driven GUI testing much simpler and more reliable.
Basic Example
defmodule MyApp.UserSpex do
  use SexySpex

  spex "user registration works" do
    scenario "successful registration" do
      given_ "valid user data", context do
        user_data = %{email: "test@example.com", password: "secure123"}
        assert valid_user_data?(user_data)
        {:ok, Map.put(context, :user_data, user_data)}
      end

      when_ "user registers", context do
        {:ok, user} = MyApp.register_user(context.user_data)
        assert user.email == "test@example.com"
        {:ok, Map.put(context, :user, user)}
      end

      then_ "user can login", context do
        assert {:ok, _session} =
                 MyApp.authenticate(context.user_data.email, context.user_data.password)
        {:ok, context}
      end
    end
  end
end
GUI Application Testing
For GUI applications, use SexySpex.Helpers for easy setup:
defmodule MyApp.GUISpex do
  use SexySpex

  setup_all do
    # Start GUI application with MCP server
    SexySpex.Helpers.start_scenic_app(:my_gui_app)
  end

  setup do
    # Reset state before each spex
    {:ok, %{timestamp: DateTime.utc_now()}}
  end

  spex "GUI interaction works" do
    scenario "application connectivity" do
      given_ "application is running", context do
        assert SexySpex.Helpers.application_running?(:my_gui_app)
        {:ok, context}
      end

      then_ "we can connect to MCP server", context do
        assert SexySpex.Helpers.can_connect_to_scenic_mcp?(context.port)
        {:ok, context}
      end
    end
  end
end
Running Spex
SexySpex files can only be executed via the mix spex command:
# Run all spex files
mix spex

# Run specific spex file
mix spex test/spex/my_app_spex.exs

# Run in manual mode (step-by-step)
mix spex --manual
Important: SexySpex files cannot be run via mix test. This ensures proper
compilation and application lifecycle management for AI-driven testing.
Error Log Detection
SexySpex automatically captures error logs during test execution and fails the test
if any errors are logged, even if no assertion failed. This catches:
	GenServer crashes and terminations
	FunctionClauseErrors and other runtime errors
	Any :error, :critical, :alert, or :emergency level logs

This is enabled by default. When errors are detected, you'll see output like:
❌ 2 error(s) logged during test execution:
  • [error] GenServer #PID<0.1234.0> terminating
  • [error] ** (FunctionClauseError) no function clause matching...
Disabling Error Detection
To disable error detection for a specific spex (e.g., when testing error handling):
spex "error handling works", fail_on_error_logs: false do
  scenario "handles invalid input" do
    # This test expects errors to be logged
  end
end
Manual Error Capture
You can also use the error capture module directly:
# Start capturing
SexySpex.ErrorCapture.start()
SexySpex.ErrorCapture.clear()

# ... do something ...

# Check for errors
if SexySpex.ErrorCapture.has_errors?() do
  IO.puts(SexySpex.ErrorCapture.format_errors())
end

# Get raw error list
errors = SexySpex.ErrorCapture.get_errors()
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Domain-specific language for writing executable specifications.
Provides macros for structuring specifications in a readable, executable format
following the Given-When-Then pattern.
Step return contract
Every step block must return {:ok, context}. There is no implicit
pass-through and no map-merge magic — the value you return becomes the
context for the next step.
given_ "user is logged in", context do
  user = create_user()
  {:ok, Map.put(context, :user, user)}
end

then_ "user can see dashboard", context do
  assert context.user.role == :member
  {:ok, context}
end
Reusable givens
Register a reusable given inside a spex module:
defmodule MyApp.UserSpex do
  use SexySpex

  register_given :logged_in_user, context do
    user = create_user()
    {:ok, Map.put(context, :user, user)}
  end

  spex "user dashboard" do
    scenario "logged-in user sees dashboard" do
      given_ :logged_in_user

      then_ "user is set", context do
        assert context.user
        {:ok, context}
      end
    end
  end
end
Share givens across modules with a normal Elixir import:
defmodule MyApp.SharedGivens do
  use SexySpex.Givens

  register_given :logged_in_user, context do
    {:ok, Map.put(context, :user, create_user())}
  end
end

defmodule MyApp.ProfileSpex do
  use SexySpex
  import MyApp.SharedGivens

  spex "profile" do
    scenario "..." do
      given_ :logged_in_user
    end
  end
end
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Defines additional context or cleanup. Block must return {:ok, context}.
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Defines preconditions for a scenario.
Two forms:
# Invoke a registered given by atom
given_ :logged_in_user

# Inline given — block must return {:ok, context}
given_ "user signs up", context do
  user = sign_up()
  {:ok, Map.put(context, :user, user)}
end
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Registers a reusable given by name.
Generates a public function def name(context) whose body is the block.
The block must return {:ok, context}.
Examples
register_given :valid_user, context do
  {:ok, Map.put(context, :user, %{name: "Test"})}
end

register_given :reset_database, context do
  MyApp.Repo.delete_all(MyApp.User)
  {:ok, context}
end
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Defines a scenario within a specification.
Scenarios group related Given-When-Then steps together.
Context from ExUnit setup/setup_all is implicitly available as context.
Example
scenario "user workflow" do
  given_ "a user", context do
    user = create_user()
    {:ok, Map.put(context, :user, user)}
  end

  when_ "they login", context do
    session = login(context.user)
    {:ok, Map.put(context, :session, session)}
  end

  then_ "they see dashboard", context do
    assert context.session.valid?
    {:ok, context}
  end
end
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Defines a specification.
Example
spex "user can login", tags: [:authentication] do
  scenario "with valid credentials" do
    # test implementation
  end
end
Options
	:description - Human-readable description of the specification
	:tags - List of atoms for categorizing the specification
	:context - Map of additional context information
	:fail_on_error_logs - Fail the test if any error logs are emitted (default: true)

Error Log Detection
By default, spex will fail if any error-level logs are emitted during test execution,
even if no assertion failed. This catches crashes and errors that might go unnoticed.
To disable for a specific spex:
spex "my test", fail_on_error_logs: false do
  # This test won't fail on error logs
end
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Defines the expected outcome. Block must return {:ok, context}.
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Defines the action being tested. Block must return {:ok, context}.
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Common helper functions for spex files.
These helpers provide reusable patterns for application startup,
connectivity testing, and other common spex operations.
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Starts a Scenic application with MCP server and waits for it to be ready.
This helper handles the common pattern of:
	Ensuring compilation (needed for mix spex)
	Starting the application
	Waiting for MCP server
	Setting up cleanup

Parameters
	app_name - The application atom (e.g., :quillex)
	opts - Optional configuration	:port - MCP server port (default: 9999)
	:timeout_retries - Connection timeout retries (default: 20)



Returns
	{:ok, context} with app_name and port on success
	Raises on failure

Example
setup_all do
  start_scenic_app(:quillex)
end
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Waits for MCP server to be ready with configurable retries.
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Handles reporting and output formatting for spex execution.
Provides a clean interface for tracking spex execution progress and
generating human-readable output.
Quiet Mode (Default)
Reporter output is suppressed by default. Use --verbose flag to enable
detailed Reporter output alongside ExUnit results.
JSONL Output
Use --jsonl flag to output test failures as JSONL for machine parsing.
Each failure includes BDD step context (Given/When/Then) alongside error info.
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Reports execution of a Given-When-Then step.
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Core step execution system for SexySpex.
Handles stepping, manual mode, timing, and execution control across all adapters.
This module provides framework-agnostic step control, allowing manual mode to work
with any testing scenario (Scenic, Phoenix, libraries, etc.).
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        Executes a step with the configured execution mode.
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Executes a step with the configured execution mode.
Supports:
	Normal execution (immediate)
	Timed execution (with delays)
	Manual mode (step-by-step with user prompts)

Parameters
	step_type - The type of step ("Given", "When", "Then", "And")
	description - Human-readable description of the step
	step_function - The function to execute for this step (arity 0)

Configuration
Reads configuration from application environment:
	:sexy_spex, :manual_mode - Boolean, enables manual stepping
	:sexy_spex, :step_delay - Integer, delay in ms between steps
	:sexy_spex, :speed - Atom, execution speed (:slow, :normal, :fast, :manual)
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Executes a step with context passed as argument (like ExUnit setup).
Parameters
	step_type - The type of step ("Given", "When", "Then", "And")
	description - Human-readable description of the step
	context - Current context map
	step_function - Function that receives context and returns updated context
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Run spex files - executable specifications for AI-driven development.
SexySpex provides a framework for writing executable specifications that serve as
both tests and living documentation, optimized for AI-driven development workflows.
Each spex file manages its own application lifecycle using setup_all and setup blocks:
	setup_all: Application startup and shutdown
	setup: State reset between tests
	Context passing between test steps
	Integration with external tools (like ScenicMCP for GUI testing)

Usage
mix spex                    # Run all spex files
mix spex path/to/file.exs   # Run specific spex file
mix spex --help             # Show this help
Options
--pattern       File pattern to match (default: test/spex/**/*_spex.exs)
--verbose       Show detailed spex Reporter output (quiet by default)
--timeout       Test timeout in milliseconds (default: 60000)
--manual        Interactive manual mode - step through each action
--speed         Execution speed: fast (default), medium, slow
--trace         Enable ExUnit trace mode (shows test execution details)
--slowest N     Print timing information for the N slowest tests
--formatter     ExUnit formatter module (default: ExUnit.CLIFormatter)
                Can be specified multiple times
--jsonl [PATH]  Output failures as JSONL (default: spex_failures.jsonl)
--stale         Only run spex files that have changed or reference changed modules
--force         Force all spex files to run (use with --stale to reset)
Examples
mix spex
mix spex test/spex/user_login_spex.exs
mix spex --pattern "**/integration_*_spex.exs"
mix spex --verbose
mix spex --manual           # Interactive step-by-step mode
mix spex --speed slow       # Slower automatic execution
mix spex --speed medium --verbose  # Medium speed with detailed output
mix spex --trace            # Show detailed test execution
mix spex test/spex/file.exs --trace
mix spex --slowest 5        # Show timing for 5 slowest tests
Configuration
You can configure spex behavior in your config files:
config :sexy_spex,
  manual_mode: false,
  step_delay: 0
Application lifecycle is handled in individual spex files using setup_all blocks.
Important: Test Environment Setup
To ensure spex runs in the test environment with proper module compilation,
add this to your project's mix.exs:
def project do
  [
    # ... other config
    preferred_cli_env: [
      spex: :test
    ]
  ]
end
This ensures that mix spex always runs in the test environment and compiles
modules with test-specific code paths (e.g., test/support directories).
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Compiles .exs spex files and enforces boundary constraints.
This compiler ensures that spex (executable specification) files respect
module boundaries defined in the host application. When combined with
the boundary library, it prevents spex tests from "reaching in" to
application internals — enforcing true outside-in, black-box testing.
Why This Exists
Normally, .exs files are not checked by Boundary because they aren't
part of the standard compilation pipeline. This compiler:
	Compiles spex files through Kernel.ParallelCompiler
	Re-attaches Boundary's tracer so cross-module references are tracked
	Runs Boundary's validation against those references
	Reports violations as compiler diagnostics

The result: if a spex file tries to call an internal module directly
(instead of going through the approved public interface like ScenicMCP),
you get a clear compiler warning.
Setup
Add both :boundary and :spex to your project's compilers list.
The :boundary compiler must come before :elixir so its tracer
captures module references, and :spex must come after :app:
def project do
  [
    compilers: [:boundary] ++ Mix.compilers() ++ [:spex],
    ...
  ]
end
Configure the glob pattern and boundary under the :spex key:
def project do
  [
    spex: [
      pattern: "test/spex/**/*_spex.exs",
      boundary: MyApp.Spex
    ],
    ...
  ]
end
The :boundary option forces all spex modules into a specific boundary,
regardless of their module name. This is the key mechanism for black-box
enforcement — define a boundary that can only depend on your testing
interface (e.g., ScenicMcp) and all spex modules will be confined to it.
Example Boundary Setup
In your application, define the spex boundary:
# lib/my_app/spex.ex
defmodule MyApp.Spex do
  use Boundary, deps: [ScenicMcp], exports: []
end
Any spex file that tries to call MyApp.SomeInternalModule directly
will produce a boundary violation warning at compile time.
Flags
	--spex-pattern (-p) — glob pattern for .exs files to compile
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