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    ExPostFacto

A comprehensive backtesting library for trading strategies written in Elixir.
[!IMPORTANT]
This library is under active, pre 1.0 development. The APIs are not to be considered stable. Calculations may not be correct. See the LICENSE but use at your own risk.

ExPostFacto empowers traders and developers to test their trading strategies against historical data with confidence. Built with Elixir's concurrency and fault-tolerance in mind, it provides enterprise-grade backtesting capabilities with an intuitive API.
🚀 Why ExPostFacto?
	🎯 Easy to Use: Simple API that gets you backtesting in minutes
	📊 Professional Grade: Comprehensive statistics and performance metrics
	🔧 Flexible: Support for simple functions or advanced strategy behaviours
	⚡ Fast: Concurrent optimization and streaming for large datasets
	🧹 Robust: Built-in data validation, cleaning, and error handling
	📈 Complete: 20+ technical indicators and optimization algorithms

✨ Key Features
Multiple Input Formats
	CSV files - Load data directly from CSV files
	JSON - Parse JSON market data
	Lists of maps - Use runtime data structures
	Streaming - Handle large datasets efficiently

Data Validation & Cleaning
	Comprehensive OHLCV validation with detailed error messages
	Automatic data cleaning - Remove invalid points, sort by timestamp
	Enhanced timestamp handling - Support for multiple date formats
	Duplicate detection and removal

Flexible Strategy Framework
	Simple MFA functions for quick prototypes
	Advanced Strategy behaviour with state management
	Built-in helper functions - buy(), sell(), position(), etc.
	20+ technical indicators - SMA, EMA, RSI, MACD, Bollinger Bands, and more

Performance & Optimization
	Parameter optimization with grid search, random search, walk-forward analysis
	Concurrent processing for large parameter spaces
	Memory-efficient streaming for massive datasets
	Performance profiling and bottleneck identification

Comprehensive Analytics
	30+ performance metrics - Sharpe ratio, CAGR, max drawdown, profit factor
	Trade analysis - Win rate, best/worst trades, trade duration
	Risk metrics - Drawdown analysis, volatility measures
	Visual data - Heatmaps for parameter optimization

See ENHANCED_DATA_HANDLING_EXAMPLES.md for detailed usage examples.
LiveBook Integration
ExPostFacto works seamlessly with LiveBook for interactive backtesting and analysis:
# In LiveBook, install dependencies:
Mix.install([
  {:ex_post_facto, "~> 0.2.0"},
  {:kino, "~> 0.12.0"},
  {:kino_vega_lite, "~> 0.1.0"}
])

# Run interactive backtests with rich visualizations
{:ok, result} = ExPostFacto.backtest(data, {MyStrategy, :call, []})
See LiveBook Integration Guide for comprehensive examples, interactive forms, and visualization techniques.
📖 Quick Start
Installation
Add ExPostFacto to your mix.exs:
def deps do
  [
    {:ex_post_facto, "~> 0.2.0"}
  ]
end
Your First Backtest
# Sample market data
market_data = [
  %{open: 100.0, high: 105.0, low: 98.0, close: 102.0, timestamp: "2023-01-01"},
  %{open: 102.0, high: 108.0, low: 101.0, close: 106.0, timestamp: "2023-01-02"},
  %{open: 106.0, high: 110.0, low: 104.0, close: 108.0, timestamp: "2023-01-03"}
]

# Simple buy-and-hold strategy
{:ok, result} = ExPostFacto.backtest(
  market_data,
  {ExPostFacto.ExampleStrategies.SimpleBuyHold, :call, []},
  starting_balance: 10_000.0
)

# View results
IO.puts("Total return: $#{result.result.total_profit_and_loss}")
IO.puts("Win rate: #{result.result.win_rate}%")
Load Data from CSV
# ExPostFacto automatically handles CSV files
{:ok, result} = ExPostFacto.backtest(
  "path/to/market_data.csv",
  {MyStrategy, :call, []},
  starting_balance: 100_000.0
)
🎯 Strategy Development
Simple Function Strategy (MFA)
defmodule SimpleThresholdStrategy do
  def call(data, _result) do
    if data.close > 105.0, do: :buy, else: :sell
  end
end

{:ok, result} = ExPostFacto.backtest(
  market_data,
  {SimpleThresholdStrategy, :call, []},
  starting_balance: 10_000.0
)
Advanced Strategy Behaviour
defmodule MovingAverageStrategy do
  use ExPostFacto.Strategy

  def init(opts) do
    {:ok, %{
      fast_period: Keyword.get(opts, :fast_period, 10),
      slow_period: Keyword.get(opts, :slow_period, 20),
      price_history: []
    }}
  end

  def next(state) do
    current_price = data().close
    price_history = [current_price | state.price_history]

    if length(price_history) >= state.slow_period do
      fast_sma = indicator(:sma, price_history, state.fast_period)
      slow_sma = indicator(:sma, price_history, state.slow_period)

      if List.first(fast_sma) > List.first(slow_sma) do
        buy()
      else
        sell()
      end
    end

    {:ok, %{state | price_history: price_history}}
  end
end

# Run with custom parameters
{:ok, result} = ExPostFacto.backtest(
  market_data,
  {MovingAverageStrategy, [fast_period: 5, slow_period: 15]},
  starting_balance: 10_000.0
)
📈 Technical Indicators
ExPostFacto includes 20+ built-in technical indicators:
# Available indicators
prices = [100, 101, 102, 103, 104, 105]

sma_20 = indicator(:sma, prices, 20)
ema_12 = indicator(:ema, prices, 12)
rsi_14 = indicator(:rsi, prices, 14)
{macd, signal, histogram} = indicator(:macd, prices)
{bb_upper, bb_middle, bb_lower} = indicator(:bollinger_bands, prices)

# Crossover detection
if crossover?(fast_sma, slow_sma) do
  buy()
end
🎛️ Strategy Optimization
Find optimal parameters automatically:
# Grid search optimization
{:ok, result} = ExPostFacto.optimize(
  market_data,
  MovingAverageStrategy,
  [fast_period: 5..15, slow_period: 20..30],
  maximize: :sharpe_ratio
)

IO.puts("Best parameters: #{inspect(result.best_params)}")
IO.puts("Best Sharpe ratio: #{result.best_score}")

# Walk-forward analysis for robust testing
{:ok, result} = ExPostFacto.optimize(
  market_data,
  MovingAverageStrategy,
  [fast_period: 5..15, slow_period: 20..30],
  method: :walk_forward,
  training_window: 252,  # 1 year
  validation_window: 63  # 3 months
)
🧹 Data Validation & Cleaning
ExPostFacto ensures your data is clean and valid:
# Validate data
case ExPostFacto.validate_data(market_data) do
  :ok -> IO.puts("Data is valid!")
  {:error, reason} -> IO.puts("Validation error: #{reason}")
end

# Clean messy data automatically
{:ok, clean_data} = ExPostFacto.clean_data(dirty_data)

# Enhanced error handling
{:ok, result} = ExPostFacto.backtest(
  market_data,
  strategy,
  enhanced_validation: true,
  debug: true
)
📊 Example Strategies
ExPostFacto includes several example strategies:
# Moving Average Crossover
{:ok, result} = ExPostFacto.backtest(
  data,
  {ExPostFacto.ExampleStrategies.SmaStrategy, [fast_period: 10, slow_period: 20]}
)

# RSI Mean Reversion
{:ok, result} = ExPostFacto.backtest(
  data,
  {ExPostFacto.ExampleStrategies.RSIMeanReversionStrategy, [
    rsi_period: 14,
    oversold_threshold: 30,
    overbought_threshold: 70
  ]}
)

# Bollinger Band Strategy
{:ok, result} = ExPostFacto.backtest(
  data,
  {ExPostFacto.ExampleStrategies.BollingerBandStrategy, [period: 20, std_dev: 2.0]}
)

# Breakout Strategy
{:ok, result} = ExPostFacto.backtest(
  data,
  {ExPostFacto.ExampleStrategies.BreakoutStrategy, [
    lookback_period: 20,
    breakout_threshold: 0.02
  ]}
)
📚 Documentation & Learning
Complete Documentation
	Getting Started Guide - Step-by-step introduction
	Interactive Tutorial - Livebook tutorial with examples
	Strategy API Guide - Comprehensive strategy development
	Technical Indicators - All available indicators and usage
	Best Practices - Guidelines for effective strategies
	Migration Guide - Moving from other libraries

Data Handling
	Enhanced Data Handling - Data formats and validation
	Error Handling - Debugging and validation

Advanced Features
	Optimization Guide - Parameter optimization techniques
	Comprehensive Metrics - Performance analysis

🔧 Advanced Features
Streaming for Large Datasets
# Handle massive datasets efficiently
{:ok, result} = ExPostFacto.backtest_stream(
  "very_large_dataset.csv",
  {MyStrategy, []},
  chunk_size: 1000,
  memory_limit_mb: 100
)
Concurrent Optimization
# Leverage all CPU cores for optimization
{:ok, result} = ExPostFacto.optimize(
  data,
  MyStrategy,
  parameter_ranges,
  method: :random_search,
  samples: 1000,
  max_concurrent: System.schedulers_online()
)
Heatmap Visualization
# Generate parameter heatmaps
{:ok, optimization_result} = ExPostFacto.optimize(data, MyStrategy, param_ranges)
{:ok, heatmap} = ExPostFacto.heatmap(optimization_result, :param1, :param2)

# Use heatmap data for visualization
IO.inspect(heatmap.scores)  # 2D array of performance scores
🆚 Comparison with Other Libraries
	Feature	ExPostFacto	backtesting.py	Backtrader	QuantConnect
	Language	Elixir	Python	Python	C#/Python
	Concurrency	✅ Native	❌	❌	✅
	Memory Efficiency	✅ Streaming	❌	❌	✅
	Data Validation	✅ Built-in	❌	❌	✅
	Walk-Forward	✅	❌	✅	✅
	Easy Setup	✅	✅	❌	❌

🤝 Contributing
We welcome contributions! Please see our contributing guidelines and check out the open issues.
📄 License
ExPostFacto is released under the MIT License. See LICENSE for details.
🙏 Acknowledgments
Inspired by Python's backtesting.py and other excellent backtesting libraries. Built with the power and elegance of Elixir.

Ready to backtest your trading strategies? Get started now! 🚀


  

    Getting Started with ExPostFacto

ExPostFacto is a comprehensive backtesting library for trading strategies written in Elixir. This guide will help you get up and running quickly.
What is Backtesting?
Backtesting is the process of testing a trading strategy on historical data to see how it would have performed. ExPostFacto makes this easy by providing:
	📊 Multiple data formats - CSV, JSON, lists of maps
	🧹 Data validation and cleaning - Automatic handling of messy data
	🚀 Flexible strategy framework - Both simple functions and advanced behaviours
	📈 Comprehensive statistics - Detailed performance metrics
	⚡ Performance optimization - Grid search, random search, walk-forward analysis

Installation
Add ExPostFacto to your mix.exs dependencies:
def deps do
  [
    {:ex_post_facto, "~> 0.2.0"}
  ]
end
Then run:
mix deps.get

Your First Backtest
Let's start with a simple example using some sample market data:
# Define some sample market data
market_data = [
  %{open: 100.0, high: 105.0, low: 98.0, close: 102.0, timestamp: "2023-01-01"},
  %{open: 102.0, high: 108.0, low: 101.0, close: 106.0, timestamp: "2023-01-02"},
  %{open: 106.0, high: 110.0, low: 104.0, close: 108.0, timestamp: "2023-01-03"},
  %{open: 108.0, high: 112.0, low: 107.0, close: 110.0, timestamp: "2023-01-04"},
  %{open: 110.0, high: 115.0, low: 109.0, close: 113.0, timestamp: "2023-01-05"}
]

# Simple buy-and-hold strategy - just buy on the first data point
{:ok, result} = ExPostFacto.backtest(
  market_data,
  {ExPostFacto.ExampleStrategies.SimpleBuyHold, :call, []},
  starting_balance: 10_000.0
)

# View the results
IO.puts("Total return: $#{result.result.total_profit_and_loss}")
IO.puts("Number of trades: #{result.result.trades_count}")
Loading Data from Files
ExPostFacto can automatically load data from CSV files:
# Load data from a CSV file
{:ok, result} = ExPostFacto.backtest(
  "path/to/your/market_data.csv",
  {MyStrategy, :call, []},
  starting_balance: 10_000.0
)
CSV Format
Your CSV should have these columns (case-insensitive):
	Date or Timestamp - The date/time
	Open - Opening price
	High - Highest price
	Low - Lowest price
	Close - Closing price
	Volume (optional) - Trading volume

Example:
Date,Open,High,Low,Close,Volume
2023-01-01,100.0,105.0,98.0,102.0,1000000
2023-01-02,102.0,108.0,101.0,106.0,1200000
Creating Your First Strategy
There are two ways to create strategies in ExPostFacto:
1. Simple Function Strategy (MFA Tuple)
defmodule MySimpleStrategy do
  def call(current_data, result) do
    # Buy if price is above $100
    if current_data.close > 100.0 do
      :buy
    else
      :sell
    end
  end
end

# Use it in a backtest
{:ok, result} = ExPostFacto.backtest(
  market_data,
  {MySimpleStrategy, :call, []},
  starting_balance: 10_000.0
)
2. Advanced Strategy Behaviour (Recommended)
defmodule MyAdvancedStrategy do
  use ExPostFacto.Strategy

  def init(opts) do
    threshold = Keyword.get(opts, :threshold, 100.0)
    {:ok, %{threshold: threshold}}
  end

  def next(state) do
    current_price = data().close

    if current_price > state.threshold do
      buy()
    else
      sell()
    end

    {:ok, state}
  end
end

# Use it in a backtest
{:ok, result} = ExPostFacto.backtest(
  market_data,
  {MyAdvancedStrategy, [threshold: 105.0]},
  starting_balance: 10_000.0
)
Understanding Results
Every backtest returns detailed statistics:
{:ok, output} = ExPostFacto.backtest(market_data, strategy)

# Access key metrics
result = output.result

IO.puts("=== Performance Summary ===")
IO.puts("Total P&L: $#{result.total_profit_and_loss}")
IO.puts("Total Return %: #{result.total_return_percentage}%")
IO.puts("Number of Trades: #{result.trades_count}")
IO.puts("Win Rate: #{result.win_rate}%")
IO.puts("Best Trade: #{result.best_trade_percentage}%")
IO.puts("Worst Trade: #{result.worst_trade_percentage}%")
IO.puts("Max Drawdown: #{result.max_draw_down_percentage}%")

# Advanced metrics (if available)
if Map.has_key?(result, :sharpe_ratio) do
  IO.puts("Sharpe Ratio: #{result.sharpe_ratio}")
  IO.puts("CAGR: #{result.cagr_percentage}%")
  IO.puts("Profit Factor: #{result.profit_factor}")
end
Data Validation and Cleaning
ExPostFacto automatically validates and cleans your data:
# Validate data manually
case ExPostFacto.validate_data(market_data) do
  :ok -> IO.puts("Data is valid!")
  {:error, reason} -> IO.puts("Validation error: #{reason}")
end

# Clean messy data
{:ok, clean_data} = ExPostFacto.clean_data(dirty_data)

# Control validation and cleaning in backtests
{:ok, result} = ExPostFacto.backtest(
  market_data,
  strategy,
  validate_data: true,   # Enable validation (default: true)
  clean_data: true       # Enable cleaning (default: true)
)
Error Handling
ExPostFacto provides detailed error messages to help you debug issues:
# Enhanced error handling
case ExPostFacto.backtest(data, strategy, enhanced_validation: true) do
  {:ok, output} ->
    output
  {:error, error} ->
    IO.puts("Backtest failed: #{error}")
    :error
end
Next Steps
Now that you have the basics, explore these advanced features:
	Strategy Development - Learn about the advanced Strategy behaviour
	Technical Indicators - Use built-in indicators in your strategies
	Strategy Optimization - Find optimal parameters for your strategies
	Best Practices - Guidelines for effective strategy development
	Migration Guide - Moving from other backtesting libraries

Common Issues
"Module not found" errors
Make sure your strategy module is compiled and available. Use iex -S mix to test interactively.
Data validation errors
Check that your OHLC data has valid relationships (high >= low, open/close between high/low).
Empty results
Ensure your strategy is actually generating trading signals. Use debug mode to trace execution:
{:ok, result} = ExPostFacto.backtest(
  data,
  strategy,
  enhanced_validation: true,
  debug: true
)
Example Strategies
ExPostFacto includes several example strategies to get you started:
# Simple moving average crossover
{:ok, result} = ExPostFacto.backtest(
  data,
  {ExPostFacto.ExampleStrategies.SmaStrategy, [fast_period: 10, slow_period: 20]}
)

# MACD strategy
{:ok, result} = ExPostFacto.backtest(
  data,
  {ExPostFacto.ExampleStrategies.AdvancedMacdStrategy, []}
)

# Buy and hold
{:ok, result} = ExPostFacto.backtest(
  data,
  {ExPostFacto.ExampleStrategies.SimpleBuyHold, :call, []}
)
Happy backtesting! 🚀


  

    ExPostFacto API Reference

This document provides a comprehensive reference for all ExPostFacto modules, functions, and types.
Core Modules
ExPostFacto
The main module providing the primary backtesting functions.
Main Functions
backtest/3
@spec backtest(
  data :: [map()] | String.t(),
  strategy :: strategy(),
  options :: keyword()
) :: {:ok, Output.t()} | {:error, String.t()}
Run a backtest with the given data and strategy.
Parameters:
	data - Market data as list of maps, CSV file path, or JSON string
	strategy - Either {Module, :function, args} or {Module, opts} for Strategy behaviour
	options - Keyword list of options

Options:
	:starting_balance - Initial capital (default: 10,000.0)
	:validate_data - Enable data validation (default: true)
	:clean_data - Enable data cleaning (default: true)
	:enhanced_validation - Use enhanced validation system (default: false)
	:debug - Enable debug logging (default: false)

Examples:
# Basic backtest
{:ok, result} = ExPostFacto.backtest(data, {MyStrategy, :call, []})

# With options
{:ok, result} = ExPostFacto.backtest(
  data,
  {MyStrategy, [param: 10]},
  starting_balance: 100_000.0,
  enhanced_validation: true
)
backtest!/3
Same as backtest/3 but raises ExPostFacto.BacktestError on failure.
optimize/4
@spec optimize(
  data :: [map()],
  strategy_module :: atom(),
  param_ranges :: [{atom(), Range.t() | [any()]}],
  opts :: keyword()
) :: {:ok, map()} | {:error, String.t()}
Optimize strategy parameters using various methods.
Parameters:
	data - Market data for optimization
	strategy_module - Strategy module implementing ExPostFacto.Strategy
	param_ranges - Parameter names and their ranges/values to test
	opts - Optimization options

Options:
	:method - :grid_search, :random_search, or :walk_forward (default: :grid_search)
	:maximize - Metric to optimize (default: :sharpe_ratio)
	:samples - Number of samples for random search (default: 100)
	:max_combinations - Maximum combinations for grid search (default: 1000)

Available Metrics:
	:sharpe_ratio - Risk-adjusted return
	:total_return_pct - Total percentage return
	:cagr_pct - Compound Annual Growth Rate
	:profit_factor - Gross profit / gross loss
	:win_rate - Percentage of winning trades
	:max_draw_down_percentage - Maximum drawdown (minimized)

Examples:
# Grid search optimization
{:ok, result} = ExPostFacto.optimize(
  data,
  MyStrategy,
  [fast: 5..20, slow: 20..50],
  maximize: :sharpe_ratio
)

# Random search
{:ok, result} = ExPostFacto.optimize(
  data,
  MyStrategy,
  [fast: 5..20, slow: 20..50],
  method: :random_search,
  samples: 200
)
backtest_stream/3
@spec backtest_stream(
  data_source :: String.t() | Enumerable.t(),
  strategy :: strategy(),
  options :: keyword()
) :: {:ok, Output.t()} | {:error, String.t()}
Memory-efficient backtesting for large datasets using streaming.
Options:
	:chunk_size - Data points per chunk (default: 1000)
	:window_size - Rolling window for strategy context (default: 100)
	:overlap - Overlap between chunks (default: 10)
	:memory_limit_mb - Memory limit in MB (default: 100)

ExPostFacto.Strategy
Behaviour module for implementing advanced trading strategies.
Callbacks
init/1
@callback init(opts :: keyword()) :: {:ok, state :: any()} | {:error, reason :: any()}
Initialize strategy with given options. Return initial state.
next/1
@callback next(state :: any()) :: {:ok, new_state :: any()} | {:error, reason :: any()}
Process next data point. Called for each market data point.
Helper Functions
Available when using use ExPostFacto.Strategy:
Trading Actions:
	buy/0 - Enter long position
	sell/0 - Enter short position  
	close_buy/0 - Close long position
	close_sell/0 - Close short position

Context Access:
	data/0 - Get current market data point
	equity/0 - Get current account equity
	position/0 - Get current position (:none, :long, :short)

Technical Analysis:
	indicator/2 - Calculate indicator: indicator(:sma, prices)
	indicator/3 - Calculate with params: indicator(:sma, prices, 20)
	crossover?/2 - Check if series A crosses above series B
	crossunder?/2 - Check if series A crosses below series B

Example Strategy
defmodule MySMAStrategy do
  use ExPostFacto.Strategy

  def init(opts) do
    fast = Keyword.get(opts, :fast, 10)
    slow = Keyword.get(opts, :slow, 20)
    {:ok, %{fast: fast, slow: slow, prices: []}}
  end

  def next(state) do
    price = data().close
    prices = [price | state.prices]
    
    if length(prices) >= state.slow do
      fast_sma = indicator(:sma, prices, state.fast) |> List.first()
      slow_sma = indicator(:sma, prices, state.slow) |> List.first()
      
      if fast_sma > slow_sma and position() != :long do
        buy()
      elsif fast_sma < slow_sma and position() != :short do
        sell()
      end
    end
    
    {:ok, %{state | prices: prices}}
  end
end
ExPostFacto.Indicators
Technical indicator calculations.
Available Indicators
Moving Averages:
	sma/2 - Simple Moving Average
	ema/2 - Exponential Moving Average
	wma/2 - Weighted Moving Average

Momentum Oscillators:
	rsi/2 - Relative Strength Index
	stochastic/2 - Stochastic Oscillator
	williams_r/2 - Williams %R

Trend Indicators:
	macd/2 - Moving Average Convergence Divergence
	adx/2 - Average Directional Index
	aroon/2 - Aroon Indicator

Volatility Indicators:
	bollinger_bands/2 - Bollinger Bands
	atr/2 - Average True Range
	keltner_channels/2 - Keltner Channels

Volume Indicators:
	obv/2 - On-Balance Volume
	ad_line/2 - Accumulation/Distribution Line

Usage
# Within a strategy
sma_20 = indicator(:sma, price_history, 20)
rsi_14 = indicator(:rsi, price_history, 14)
{macd, signal, histogram} = indicator(:macd, price_history)
{upper, middle, lower} = indicator(:bollinger_bands, price_history, {20, 2.0})

# Direct usage
alias ExPostFacto.Indicators
sma_values = Indicators.sma(prices, 20)
ExPostFacto.Result
Contains backtesting results and performance statistics.
Key Fields
Trade Statistics:
	trades_count - Total number of trades
	wins_count - Number of winning trades
	win_rate - Percentage of winning trades
	total_profit_and_loss - Total P&L in currency units
	total_return_percentage - Total return as percentage

Trade Analysis:
	best_trade_percentage - Best single trade return
	worst_trade_percentage - Worst single trade return
	average_trade_percentage - Average trade return
	trade_pairs - List of individual trades

Risk Metrics:
	max_draw_down_percentage - Maximum drawdown
	average_draw_down_percentage - Average drawdown
	max_draw_down_duration - Longest drawdown period
	sharpe_ratio - Risk-adjusted return metric
	cagr_percentage - Compound Annual Growth Rate

Time Analysis:
	start_date - Backtest start date
	end_date - Backtest end date
	total_days - Total days in backtest
	max_trade_duration - Longest trade duration
	average_trade_duration - Average trade duration

ExPostFacto.Optimizer
Parameter optimization functionality.
Methods
grid_search/4
Test all combinations of parameters within specified ranges.
random_search/4
Randomly sample parameter combinations for faster optimization.
walk_forward/4
Rolling window optimization for more robust parameter selection.
Example
# Grid search
{:ok, result} = ExPostFacto.Optimizer.grid_search(
  data,
  MyStrategy,
  [fast: 5..15, slow: 20..30],
  maximize: :sharpe_ratio
)

# Access results
best_params = result.best_params  # %{fast: 10, slow: 25}
best_score = result.best_score    # 1.25
all_results = result.all_results  # All parameter combinations tested
ExPostFacto.Validation
Enhanced data validation and error handling.
Functions
validate_data/2
Comprehensive OHLCV data validation with detailed error messages.
validate_strategy/2
Validate strategy module and parameters.
format_error/1
Format validation errors for user-friendly display.
Usage
# Enhanced validation
case ExPostFacto.backtest(
  data,
  strategy,
  enhanced_validation: true,
  debug: true
) do
  {:ok, result} -> result
  {:error, %ExPostFacto.Validation.ValidationError{} = error} ->
    IO.puts(ExPostFacto.Validation.format_error(error))
end
Data Structures
Market Data Format
Market data should be provided as maps with OHLCV fields:
%{
  open: 100.0,           # Opening price (required)
  high: 105.0,           # High price (required)  
  low: 98.0,             # Low price (required)
  close: 102.0,          # Closing price (required)
  volume: 1_000_000,     # Volume (optional)
  timestamp: "2023-01-01" # Timestamp (optional but recommended)
}
Alternative field names:
	o, h, l, c instead of open, high, low, close
	t instead of timestamp

CSV Format
Supported CSV formats:
Date,Open,High,Low,Close,Volume
2023-01-01,100.0,105.0,98.0,102.0,1000000
2023-01-02,102.0,108.0,101.0,106.0,1200000
Headers are case-insensitive. Common variations supported:
	Date, Time, Timestamp for date column
	Adj Close for adjusted closing price

Strategy Types
MFA Tuple:
{Module, :function, args}
Strategy Behaviour:
{Module, opts}  # where Module implements ExPostFacto.Strategy
Actions
Valid trading actions returned by strategies:
	:buy - Enter long position
	:sell - Enter short position
	:close_buy - Close long position  
	:close_sell - Close short position

Error Handling
Exception Types
	ExPostFacto.BacktestError - General backtest errors
	ExPostFacto.DataValidationError - Data validation errors (legacy)
	ExPostFacto.Validation.ValidationError - Enhanced validation errors
	ExPostFacto.Validation.StrategyError - Strategy-specific errors

Best Practices
	Always use enhanced validation for development:
{:ok, result} = ExPostFacto.backtest(
  data,
  strategy,
  enhanced_validation: true,
  debug: true
)

	Validate data before backtesting:
case ExPostFacto.validate_data(data) do
  :ok -> run_backtest(data)
  {:error, reason} -> handle_error(reason)
end

	Handle errors gracefully:
case ExPostFacto.backtest(data, strategy) do
  {:ok, result} -> process_result(result)
  {:error, error} -> 
    Logger.error("Backtest failed: #{error}")
    :error
end


Performance Considerations
Memory Usage
	Use backtest_stream/3 for large datasets
	Limit price history in strategies to what's needed
	Enable data cleaning to remove invalid points

Optimization
	Use :random_search for large parameter spaces
	Set reasonable :max_combinations limits
	Consider :walk_forward for robust optimization

Concurrency
	Optimization automatically uses available CPU cores
	Set :max_concurrent to control parallelism
	Streaming processes data in chunks to avoid memory issues

Examples
See the lib/ex_post_facto/example_strategies/ directory for complete strategy examples and the docs/ directory for comprehensive guides and tutorials.


  

    Enhanced Strategy API Guide

Overview
The Enhanced Strategy API provides a more intuitive and powerful way to develop trading strategies for ExPostFacto. Instead of the traditional MFA tuple approach, strategies now implement a behaviour with clear init/1 and next/1 callbacks, along with built-in helper functions and access to trading context.
Key Features
	Intuitive Callbacks: Simple init/1 and next/1 functions
	Built-in Helpers: buy(), sell(), close_buy(), close_sell() 
	Context Access: data(), equity(), position() functions
	Indicator Support: Framework for technical indicators
	Backward Compatible: Existing MFA strategies continue to work

Basic Usage
1. Creating a Strategy
defmodule MyStrategy do
  use ExPostFacto.Strategy

  def init(opts) do
    # Initialize strategy state
    {:ok, %{}}
  end

  def next(state) do
    # Make trading decisions
    current_price = data().close
    if current_price > 10.0 do
      buy()
    end
    {:ok, state}
  end
end
2. Running a Backtest
# New Strategy behaviour approach
{:ok, result} = ExPostFacto.backtest(
  market_data, 
  {MyStrategy, [param: 10]},
  starting_balance: 10_000.0
)

# Traditional MFA approach (still supported)
{:ok, result} = ExPostFacto.backtest(
  market_data,
  {MyModule, :my_function, []},
  starting_balance: 10_000.0
)
Available Helper Functions
Trading Actions
	buy() - Enter a long position
	sell() - Enter a short position  
	close_buy() - Close a long position
	close_sell() - Close a short position

Context Access
	data() - Get current market data point (OHLC)
	equity() - Get current account equity
	position() - Get current position (:long, :short, or :none)

Utilities
	crossover?(series1, series2) - Check if series1 crosses above series2
	indicator(func, data, period) - Basic indicator calculation

Example Strategies
Simple Buy and Hold
defmodule SimpleBuyHold do
  use ExPostFacto.Strategy

  def init(opts) do
    max_trades = Keyword.get(opts, :max_trades, 1)
    {:ok, %{trades_made: 0, max_trades: max_trades}}
  end

  def next(state) do
    if state.trades_made < state.max_trades and position() == :none do
      buy()
      {:ok, %{state | trades_made: state.trades_made + 1}}
    else
      {:ok, state}
    end
  end
end
Moving Average Crossover
defmodule SmaStrategy do
  use ExPostFacto.Strategy

  def init(opts) do
    fast_period = Keyword.get(opts, :fast_period, 10)
    slow_period = Keyword.get(opts, :slow_period, 20)
    
    {:ok, %{
      fast_period: fast_period,
      slow_period: slow_period,
      price_history: []
    }}
  end

  def next(state) do
    current_price = data().close
    updated_history = [current_price | state.price_history]
    
    fast_sma = calculate_sma(updated_history, state.fast_period)
    slow_sma = calculate_sma(updated_history, state.slow_period)
    
    # Trading logic based on SMA crossover
    make_trading_decision(fast_sma, slow_sma)
    
    {:ok, %{state | price_history: updated_history}}
  end

  defp calculate_sma(prices, period) do
    if length(prices) >= period do
      prices |> Enum.take(period) |> Enum.sum() |> Kernel./(period)
    else
      0.0
    end
  end

  defp make_trading_decision(fast_sma, slow_sma) do
    cond do
      fast_sma > slow_sma and position() != :long ->
        if position() == :short, do: close_sell()
        buy()
      
      fast_sma < slow_sma and position() != :short ->
        if position() == :long, do: close_buy()
        sell()
        
      true -> :ok
    end
  end
end
Migration from MFA Tuples
Before (MFA Tuple)
defmodule OldStrategy do
  def my_strategy(data_point, result) do
    if data_point.close > 10.0 do
      :buy
    else
      :noop
    end
  end
end

# Usage
ExPostFacto.backtest(data, {OldStrategy, :my_strategy, []})
After (Strategy Behaviour)
defmodule NewStrategy do
  use ExPostFacto.Strategy

  def init(_opts), do: {:ok, %{}}

  def next(state) do
    if data().close > 10.0 do
      buy()
    end
    {:ok, state}
  end
end

# Usage  
ExPostFacto.backtest(data, {NewStrategy, []})
Advanced Features
Error Handling
def init(opts) do
  case validate_options(opts) do
    :ok -> {:ok, initial_state}
    {:error, reason} -> {:error, reason}
  end
end

def next(state) do
  try do
    # Strategy logic
    {:ok, new_state}
  rescue
    e -> {:error, e}
  end
end
State Management
def next(state) do
  # Access and update strategy state
  new_state = %{
    state | 
    trade_count: state.trade_count + 1,
    last_price: data().close
  }
  {:ok, new_state}
end
Benefits
	Intuitive: Clear separation of initialization and execution logic
	Stateful: Easy state management between data points
	Contextual: Built-in access to trading context and position state
	Testable: Easy to unit test individual strategy components
	Composable: Can build complex strategies from simple components
	Compatible: Works alongside existing MFA tuple strategies

Implementation Notes
	The Strategy behaviour is implemented using Elixir behaviours and callbacks
	StrategyContext uses an Agent for state management during execution
	Helper functions provide a clean API for common trading operations
	The system automatically detects strategy type (MFA vs behaviour) and routes accordingly
	All existing functionality and APIs remain unchanged for backward compatibility



  

    Indicator Framework Guide

ExPostFacto now includes a comprehensive technical indicator framework that makes it easy to build sophisticated trading strategies.
Available Indicators
Simple Moving Average (SMA)
prices = [10, 11, 12, 13, 14, 15]
sma_values = ExPostFacto.Indicators.sma(prices, 3)
# => [nil, nil, 11.0, 12.0, 13.0, 14.0]
Exponential Moving Average (EMA)
prices = [22.27, 22.19, 22.08, 22.17, 22.18]
ema_values = ExPostFacto.Indicators.ema(prices, 3)
# EMA gives more weight to recent prices
Relative Strength Index (RSI)
prices = [44, 44.34, 44.09, 44.15, 43.61, 44.33, 44.83, 45.85, 46.08, 45.89]
rsi_values = ExPostFacto.Indicators.rsi(prices, 14)
# Values range from 0-100, indicating overbought/oversold conditions
MACD (Moving Average Convergence Divergence)
prices = [12, 13, 14, 15, 16, 17, 18, 19, 20, 21]
{macd_line, signal_line, histogram} = ExPostFacto.Indicators.macd(prices)
# Returns three series: MACD line, signal line, and histogram
Bollinger Bands
prices = [20, 21, 22, 23, 24, 25, 26, 27, 28, 29]
{upper_band, middle_band, lower_band} = ExPostFacto.Indicators.bollinger_bands(prices, 5, 2)
# Returns upper band, middle band (SMA), and lower band
Average True Range (ATR)
ohlc_data = [
  %{high: 48.70, low: 47.79, close: 48.16},
  %{high: 48.72, low: 48.14, close: 48.61},
  %{high: 48.90, low: 48.39, close: 48.75}
]
atr_values = ExPostFacto.Indicators.atr(ohlc_data, 14)
# Measures volatility
Crossover Detection
Basic Crossover
fast_ma = [10, 11, 12, 13, 14]
slow_ma = [12, 12, 12, 12, 12]

# Check if fast MA crosses above slow MA
crossover = ExPostFacto.Indicators.crossover?(fast_ma, slow_ma)
# => true

# Check if fast MA crosses below slow MA
crossunder = ExPostFacto.Indicators.crossunder?(fast_ma, slow_ma)
# => false
Using Indicators in Strategies
Strategy Module Integration
defmodule MyMacdStrategy do
  use ExPostFacto.Strategy

  def init(_opts) do
    {:ok, %{price_history: []}}
  end

  def next(state) do
    current_data = data()
    current_price = current_data.close
    
    # Update price history
    price_history = [current_price | state.price_history]
    
    # Calculate MACD using the indicator framework
    {macd_line, signal_line, _histogram} = indicator(:macd, price_history)
    
    # Make trading decisions based on MACD crossover
    if crossover?(macd_line, signal_line) do
      buy()
    elsif crossunder?(macd_line, signal_line) do
      sell()
    end

    {:ok, %{state | price_history: price_history}}
  end
end
Direct Indicator Access
# Within a strategy, you can call indicators directly:
sma_20 = indicator(:sma, price_data, 20)
ema_12 = indicator(:ema, price_data, 12)
rsi_14 = indicator(:rsi, price_data, 14)

# MACD with custom parameters
{macd, signal, hist} = indicator(:macd, price_data, {12, 26, 9})

# Bollinger Bands with custom parameters
{upper, middle, lower} = indicator(:bollinger_bands, price_data, {20, 2.5})
Stream Support
All indicators work efficiently with Elixir streams for memory-efficient processing:
large_dataset
|> Stream.map(&(&1.close))
|> ExPostFacto.Indicators.sma(20)
|> Stream.filter(&(&1 != nil))
|> Enum.take(100)
Advanced Example Strategy
Here's a comprehensive strategy using multiple indicators:
defmodule AdvancedStrategy do
  use ExPostFacto.Strategy
  
  def init(_opts) do
    {:ok, %{price_history: []}}
  end
  
  def next(state) do
    price = data().close
    history = [price | state.price_history] |> Enum.take(100)
    
    # Calculate multiple indicators
    {macd, signal, _} = indicator(:macd, history)
    rsi = indicator(:rsi, history) |> List.first()
    {bb_upper, bb_middle, bb_lower} = indicator(:bollinger_bands, history)
    sma_50 = indicator(:sma, history, 50) |> List.first()
    
    current_price = List.first(history)
    
    # Complex trading logic
    cond do
      # Bullish conditions
      crossover?(macd, signal) and 
      rsi < 70 and 
      current_price <= List.first(bb_lower) * 1.02 ->
        buy()
        
      # Bearish conditions  
      crossunder?(macd, signal) and
      rsi > 30 and
      current_price >= List.first(bb_upper) * 0.98 ->
        sell()
        
      true ->
        :no_action
    end
    
    {:ok, %{state | price_history: history}}
  end
end
Performance Considerations
	Indicators work with streams for memory efficiency
	Keep price history limited to what you need for calculations
	Use Enum.take/2 to limit historical data size
	All indicators handle nil values gracefully
	Crossover functions require at least 2 data points

Extending the Framework
You can create custom indicators by following the same patterns:
defmodule MyCustomIndicator do
  def my_indicator(data, period) do
    data
    |> Stream.with_index()
    |> Stream.map(fn {value, index} ->
      if index + 1 >= period do
        # Your custom calculation here
        calculate_custom_value(data, index, period)
      else
        nil
      end
    end)
    |> Enum.to_list()
  end
end
The indicator framework provides a solid foundation for building sophisticated trading strategies with minimal code and maximum flexibility.


  

    Advanced ExPostFacto Tutorial: Building Professional Trading Strategies

This tutorial covers advanced topics for building robust, professional-grade trading strategies with ExPostFacto.
Table of Contents
	Advanced Strategy Patterns
	Risk Management Framework
	Multi-Indicator Strategies
	Portfolio Management
	Performance Optimization
	Statistical Validation
	Production Deployment

Advanced Strategy Patterns
State Management Best Practices
Complex strategies require careful state management. Here's a robust pattern:
defmodule AdvancedStrategy do
  use ExPostFacto.Strategy
  
  defstruct [
    # Configuration
    :config,
    
    # Market data tracking
    :price_history,
    :volume_history,
    
    # Indicator states
    :indicators,
    
    # Position tracking
    :current_position,
    :entry_price,
    :entry_time,
    
    # Risk management
    :stop_loss,
    :take_profit,
    :trailing_stop,
    
    # Performance tracking
    :trades_today,
    :daily_pnl
  ]
  
  def init(opts) do
    config = build_config(opts)
    
    state = %__MODULE__{
      config: config,
      price_history: [],
      volume_history: [],
      indicators: %{},
      current_position: :none,
      trades_today: 0,
      daily_pnl: 0.0
    }
    
    {:ok, state}
  end
  
  def next(state) do
    # Update market data
    state = update_market_data(state)
    
    # Calculate indicators
    state = update_indicators(state)
    
    # Risk management checks
    state = check_risk_limits(state)
    
    # Trading logic
    state = execute_trading_logic(state)
    
    {:ok, state}
  end
  
  defp build_config(opts) do
    %{
      max_position_size: Keyword.get(opts, :max_position_size, 0.1),
      max_daily_trades: Keyword.get(opts, :max_daily_trades, 5),
      max_daily_loss: Keyword.get(opts, :max_daily_loss, 0.02),
      stop_loss_pct: Keyword.get(opts, :stop_loss_pct, 0.02),
      take_profit_pct: Keyword.get(opts, :take_profit_pct, 0.04)
    }
  end
end
Dynamic Parameter Adjustment
Adapt strategy parameters based on market conditions:
defmodule AdaptiveStrategy do
  use ExPostFacto.Strategy
  
  def init(opts) do
    {:ok, %{
      base_rsi_period: Keyword.get(opts, :rsi_period, 14),
      current_rsi_period: 14,
      volatility_history: [],
      market_regime: :normal  # :trending, :ranging, :volatile
    }}
  end
  
  def next(state) do
    # Calculate market volatility
    state = update_volatility(state)
    
    # Detect market regime
    state = detect_market_regime(state)
    
    # Adjust parameters based on regime
    state = adjust_parameters(state)
    
    # Execute strategy with adapted parameters
    execute_strategy(state)
  end
  
  defp detect_market_regime(state) do
    if length(state.volatility_history) >= 20 do
      recent_volatility = Enum.take(state.volatility_history, 20) |> Enum.sum() / 20
      
      regime = cond do
        recent_volatility > 0.03 -> :volatile
        recent_volatility < 0.01 -> :ranging
        true -> :trending
      end
      
      %{state | market_regime: regime}
    else
      state
    end
  end
  
  defp adjust_parameters(state) do
    rsi_period = case state.market_regime do
      :volatile -> state.base_rsi_period + 7  # Longer period for stability
      :ranging -> state.base_rsi_period - 3   # Shorter for responsiveness
      :trending -> state.base_rsi_period      # Standard period
    end
    
    %{state | current_rsi_period: rsi_period}
  end
end
Risk Management Framework
Position Sizing with Kelly Criterion
Implement dynamic position sizing based on historical performance:
defmodule KellyPositionSizing do
  @moduledoc """
  Calculate optimal position size using Kelly Criterion.
  """
  
  def calculate_position_size(trade_history, win_rate, avg_win, avg_loss, max_size \\ 0.25) do
    if length(trade_history) >= 20 do  # Minimum trades for statistical significance
      # Kelly formula: f = (bp - q) / b
      # where b = avg_win/avg_loss, p = win_rate, q = 1 - win_rate
      
      b = avg_win / abs(avg_loss)
      p = win_rate / 100.0
      q = 1.0 - p
      
      kelly_fraction = (b * p - q) / b
      
      # Apply safety margin and cap
      safe_fraction = kelly_fraction * 0.5  # 50% of Kelly for safety
      min(safe_fraction, max_size)
    else
      0.05  # Conservative default for insufficient data
    end
  end
end

defmodule RiskManagedStrategy do
  use ExPostFacto.Strategy
  
  def init(opts) do
    {:ok, %{
      trade_history: [],
      win_count: 0,
      total_trades: 0,
      total_wins: 0.0,
      total_losses: 0.0,
      position_size: 0.05
    }}
  end
  
  def next(state) do
    # Update position sizing based on performance
    state = update_position_sizing(state)
    
    # Your trading logic here...
    if should_buy?(state) do
      # Use calculated position size
      buy()  # In real implementation, you'd specify size
    end
    
    {:ok, state}
  end
  
  defp update_position_sizing(state) do
    if state.total_trades >= 20 do
      win_rate = (state.win_count / state.total_trades) * 100
      avg_win = state.total_wins / max(state.win_count, 1)
      avg_loss = state.total_losses / max(state.total_trades - state.win_count, 1)
      
      new_size = KellyPositionSizing.calculate_position_size(
        state.trade_history,
        win_rate,
        avg_win,
        avg_loss
      )
      
      %{state | position_size: new_size}
    else
      state
    end
  end
end
Advanced Stop Loss Strategies
Implement multiple stop loss types:
defmodule AdvancedStopLoss do
  defstruct [
    :type,           # :fixed, :trailing, :atr, :volatility
    :value,          # Stop loss value/percentage
    :initial_price,  # Entry price
    :highest_price,  # For trailing stops
    :atr_multiplier  # For ATR-based stops
  ]
  
  def new(type, opts \\ []) do
    %__MODULE__{
      type: type,
      value: Keyword.get(opts, :value, 0.02),
      atr_multiplier: Keyword.get(opts, :atr_multiplier, 2.0)
    }
  end
  
  def update(%__MODULE__{type: :trailing} = stop, current_price, position_type) do
    case position_type do
      :long ->
        new_highest = max(stop.highest_price || current_price, current_price)
        new_stop_price = new_highest * (1 - stop.value)
        %{stop | highest_price: new_highest, value: new_stop_price}
        
      :short ->
        new_lowest = min(stop.highest_price || current_price, current_price)
        new_stop_price = new_lowest * (1 + stop.value)
        %{stop | highest_price: new_lowest, value: new_stop_price}
    end
  end
  
  def triggered?(%__MODULE__{} = stop, current_price, position_type) do
    case {stop.type, position_type} do
      {:fixed, :long} -> current_price <= stop.initial_price * (1 - stop.value)
      {:fixed, :short} -> current_price >= stop.initial_price * (1 + stop.value)
      {:trailing, :long} -> current_price <= stop.value
      {:trailing, :short} -> current_price >= stop.value
    end
  end
end
Multi-Indicator Strategies
Signal Aggregation Framework
Build a system to combine multiple indicators effectively:
defmodule SignalAggregator do
  defstruct [:signals, :weights, :threshold]
  
  def new(threshold \\ 0.6) do
    %__MODULE__{
      signals: %{},
      weights: %{},
      threshold: threshold
    }
  end
  
  def add_signal(aggregator, name, value, weight \\ 1.0) do
    signals = Map.put(aggregator.signals, name, value)
    weights = Map.put(aggregator.weights, name, weight)
    %{aggregator | signals: signals, weights: weights}
  end
  
  def get_consensus(aggregator) do
    if map_size(aggregator.signals) == 0 do
      :neutral
    else
      total_weight = aggregator.weights |> Map.values() |> Enum.sum()
      
      weighted_sum = 
        Enum.reduce(aggregator.signals, 0, fn {name, signal}, acc ->
          weight = Map.get(aggregator.weights, name, 1.0)
          signal_value = case signal do
            :buy -> 1.0
            :sell -> -1.0
            :neutral -> 0.0
            _ -> 0.0
          end
          acc + (signal_value * weight)
        end)
      
      consensus_score = weighted_sum / total_weight
      
      cond do
        consensus_score >= aggregator.threshold -> :buy
        consensus_score <= -aggregator.threshold -> :sell
        true -> :neutral
      end
    end
  end
end

defmodule MultiIndicatorStrategy do
  use ExPostFacto.Strategy
  
  def init(opts) do
    {:ok, %{
      rsi_period: Keyword.get(opts, :rsi_period, 14),
      macd_params: Keyword.get(opts, :macd_params, {12, 26, 9}),
      bb_params: Keyword.get(opts, :bb_params, {20, 2.0}),
      price_history: [],
      signal_aggregator: SignalAggregator.new(0.7)
    }}
  end
  
  def next(state) do
    current_price = data().close
    price_history = [current_price | state.price_history]
    
    if length(price_history) >= 30 do
      # Calculate individual signals
      rsi_signal = get_rsi_signal(price_history, state.rsi_period)
      macd_signal = get_macd_signal(price_history, state.macd_params)
      bb_signal = get_bb_signal(current_price, price_history, state.bb_params)
      
      # Aggregate signals with different weights
      aggregator = 
        SignalAggregator.new(0.7)
        |> SignalAggregator.add_signal(:rsi, rsi_signal, 1.0)
        |> SignalAggregator.add_signal(:macd, macd_signal, 1.5)  # Higher weight
        |> SignalAggregator.add_signal(:bb, bb_signal, 1.0)
      
      consensus = SignalAggregator.get_consensus(aggregator)
      
      # Execute trades based on consensus
      case {consensus, position()} do
        {:buy, pos} when pos != :long ->
          if pos == :short, do: close_sell()
          buy()
        {:sell, pos} when pos != :short ->
          if pos == :long, do: close_buy()
          sell()
        _ -> :ok
      end
    end
    
    {:ok, %{state | price_history: price_history}}
  end
  
  defp get_rsi_signal(prices, period) do
    rsi_values = indicator(:rsi, prices, period)
    current_rsi = List.first(rsi_values)
    
    cond do
      current_rsi < 30 -> :buy
      current_rsi > 70 -> :sell
      true -> :neutral
    end
  end
  
  defp get_macd_signal(prices, {fast, slow, signal}) do
    {macd_line, signal_line, _} = indicator(:macd, prices, {fast, slow, signal})
    
    if List.first(macd_line) > List.first(signal_line) do
      :buy
    else
      :sell
    end
  end
  
  defp get_bb_signal(current_price, prices, {period, std_dev}) do
    {upper, _middle, lower} = indicator(:bollinger_bands, prices, {period, std_dev})
    
    cond do
      current_price <= lower -> :buy
      current_price >= upper -> :sell
      true -> :neutral
    end
  end
end
Performance Optimization
Concurrent Indicator Calculation
For strategies using many indicators, calculate them concurrently:
defmodule ConcurrentIndicators do
  def calculate_all(price_history, indicator_configs) do
    tasks = Enum.map(indicator_configs, fn {name, type, params} ->
      Task.async(fn ->
        result = ExPostFacto.Indicators.apply(type, [price_history | params])
        {name, result}
      end)
    end)
    
    tasks
    |> Task.await_many(5000)  # 5 second timeout
    |> Enum.into(%{})
  end
end

defmodule HighPerformanceStrategy do
  use ExPostFacto.Strategy
  
  def next(state) do
    price_history = [data().close | state.price_history]
    
    if length(price_history) >= 50 do
      # Calculate multiple indicators concurrently
      indicator_configs = [
        {:rsi, :rsi, [14]},
        {:macd, :macd, [{12, 26, 9}]},
        {:bb, :bollinger_bands, [{20, 2.0}]},
        {:sma_fast, :sma, [10]},
        {:sma_slow, :sma, [20]}
      ]
      
      indicators = ConcurrentIndicators.calculate_all(price_history, indicator_configs)
      
      # Use calculated indicators for trading decisions
      make_trading_decision(indicators, state)
    end
    
    {:ok, %{state | price_history: price_history}}
  end
end
Memory-Efficient History Management
Manage memory usage for long-running strategies:
defmodule MemoryEfficientStrategy do
  use ExPostFacto.Strategy
  
  def init(opts) do
    max_history = Keyword.get(opts, :max_history, 200)
    {:ok, %{
      max_history: max_history,
      price_history: [],
      indicator_cache: %{}
    }}
  end
  
  def next(state) do
    # Add new price and trim history
    new_history = 
      [data().close | state.price_history]
      |> Enum.take(state.max_history)
    
    # Cache expensive calculations
    state = update_indicator_cache(new_history, state)
    
    {:ok, %{state | price_history: new_history}}
  end
  
  defp update_indicator_cache(prices, state) do
    # Only recalculate if we have new data
    cache_key = :erlang.phash2(Enum.take(prices, 10))
    
    if Map.get(state.indicator_cache, cache_key) do
      state
    else
      # Calculate and cache
      new_indicators = %{
        rsi: indicator(:rsi, prices, 14) |> List.first(),
        sma: indicator(:sma, prices, 20) |> List.first()
      }
      
      # Keep only recent cache entries
      trimmed_cache = 
        state.indicator_cache
        |> Enum.take(10)  # Keep last 10 entries
        |> Enum.into(%{})
        |> Map.put(cache_key, new_indicators)
      
      %{state | indicator_cache: trimmed_cache}
    end
  end
end
Statistical Validation
Walk-Forward Analysis
Implement robust strategy validation:
defmodule StrategyValidator do
  def walk_forward_analysis(data, strategy_module, param_ranges, opts \\ []) do
    training_window = Keyword.get(opts, :training_window, 252)  # 1 year
    test_window = Keyword.get(opts, :test_window, 63)           # 3 months
    step_size = Keyword.get(opts, :step_size, 21)              # 1 month
    
    total_length = length(data)
    window_size = training_window + test_window
    
    if total_length < window_size do
      {:error, "Insufficient data for walk-forward analysis"}
    else
      results = 
        0..div(total_length - window_size, step_size)
        |> Enum.map(fn step ->
          start_idx = step * step_size
          
          training_data = Enum.slice(data, start_idx, training_window)
          test_data = Enum.slice(data, start_idx + training_window, test_window)
          
          # Optimize on training data
          {:ok, optimization} = ExPostFacto.optimize(
            training_data,
            strategy_module,
            param_ranges,
            maximize: :sharpe_ratio
          )
          
          # Test on out-of-sample data
          {:ok, test_result} = ExPostFacto.backtest(
            test_data,
            {strategy_module, optimization.best_params}
          )
          
          %{
            step: step,
            training_period: {start_idx, start_idx + training_window},
            test_period: {start_idx + training_window, start_idx + training_window + test_window},
            best_params: optimization.best_params,
            training_sharpe: optimization.best_score,
            test_sharpe: test_result.result.sharpe_ratio || 0.0,
            test_return: test_result.result.total_return_percentage
          }
        end)
      
      {:ok, analyze_walk_forward_results(results)}
    end
  end
  
  defp analyze_walk_forward_results(results) do
    test_returns = Enum.map(results, & &1.test_return)
    test_sharpes = Enum.map(results, & &1.test_sharpe)
    
    %{
      periods: length(results),
      avg_test_return: Enum.sum(test_returns) / length(test_returns),
      avg_test_sharpe: Enum.sum(test_sharpes) / length(test_sharpes),
      consistency: calculate_consistency(test_returns),
      parameter_stability: analyze_parameter_stability(results),
      detailed_results: results
    }
  end
  
  defp calculate_consistency(returns) do
    positive_periods = Enum.count(returns, &(&1 > 0))
    positive_periods / length(returns)
  end
  
  defp analyze_parameter_stability(results) do
    # Analyze how much parameters change between periods
    param_changes = 
      results
      |> Enum.chunk_every(2, 1, :discard)
      |> Enum.map(fn [prev, curr] ->
        calculate_param_difference(prev.best_params, curr.best_params)
      end)
    
    Enum.sum(param_changes) / length(param_changes)
  end
  
  defp calculate_param_difference(params1, params2) do
    # Simple difference calculation - you might want to normalize this
    common_keys = MapSet.intersection(MapSet.new(Map.keys(params1)), MapSet.new(Map.keys(params2)))
    
    Enum.reduce(common_keys, 0, fn key, acc ->
      diff = abs(params1[key] - params2[key])
      acc + diff
    end) / MapSet.size(common_keys)
  end
end
Monte Carlo Analysis
Test strategy robustness with randomized scenarios:
defmodule MonteCarloAnalysis do
  def bootstrap_analysis(trade_results, iterations \\ 1000) do
    original_return = Enum.sum(trade_results)
    
    bootstrap_returns = 
      1..iterations
      |> Enum.map(fn _ ->
        # Resample trades with replacement
        resampled_trades = 
          1..length(trade_results)
          |> Enum.map(fn _ -> Enum.random(trade_results) end)
        
        Enum.sum(resampled_trades)
      end)
      |> Enum.sort()
    
    # Calculate confidence intervals
    lower_5pct = Enum.at(bootstrap_returns, round(iterations * 0.05))
    upper_95pct = Enum.at(bootstrap_returns, round(iterations * 0.95))
    
    %{
      original_return: original_return,
      bootstrap_mean: Enum.sum(bootstrap_returns) / iterations,
      confidence_interval_95: {lower_5pct, upper_95pct},
      probability_positive: Enum.count(bootstrap_returns, &(&1 > 0)) / iterations,
      worst_case_5pct: lower_5pct,
      best_case_5pct: upper_95pct
    }
  end
end
Production Deployment
Strategy Monitoring
Implement comprehensive monitoring for live strategies:
defmodule StrategyMonitor do
  use GenServer
  
  defstruct [
    :strategy_name,
    :performance_metrics,
    :alert_thresholds,
    :trade_log
  ]
  
  def start_link(opts) do
    GenServer.start_link(__MODULE__, opts, name: __MODULE__)
  end
  
  def init(opts) do
    state = %__MODULE__{
      strategy_name: Keyword.get(opts, :name, "Unknown"),
      performance_metrics: %{},
      alert_thresholds: Keyword.get(opts, :thresholds, default_thresholds()),
      trade_log: []
    }
    
    # Schedule periodic health checks
    :timer.send_interval(60_000, self(), :health_check)
    
    {:ok, state}
  end
  
  def handle_info(:health_check, state) do
    # Check performance metrics against thresholds
    alerts = check_alert_conditions(state)
    
    if length(alerts) > 0 do
      send_alerts(alerts, state.strategy_name)
    end
    
    {:noreply, state}
  end
  
  defp default_thresholds do
    %{
      max_drawdown: 0.10,
      min_sharpe: 0.5,
      max_consecutive_losses: 5,
      max_daily_loss: 0.05
    }
  end
  
  defp check_alert_conditions(state) do
    # Implement your alert logic here
    []
  end
  
  defp send_alerts(alerts, strategy_name) do
    # Send notifications (email, Slack, etc.)
    Enum.each(alerts, fn alert ->
      Logger.warning("Strategy Alert [#{strategy_name}]: #{alert}")
    end)
  end
end
Performance Benchmarking
Compare your strategy against benchmarks:
defmodule BenchmarkComparison do
  def compare_to_buy_hold(strategy_result, market_data) do
    # Calculate buy-and-hold return
    first_price = List.first(market_data).close
    last_price = List.last(market_data).close
    buy_hold_return = (last_price - first_price) / first_price * 100
    
    strategy_return = strategy_result.result.total_return_percentage
    
    %{
      strategy_return: strategy_return,
      buy_hold_return: buy_hold_return,
      excess_return: strategy_return - buy_hold_return,
      strategy_sharpe: strategy_result.result.sharpe_ratio,
      outperformed: strategy_return > buy_hold_return
    }
  end
  
  def risk_adjusted_comparison(strategy_result, benchmark_result) do
    %{
      strategy_sharpe: strategy_result.result.sharpe_ratio,
      benchmark_sharpe: benchmark_result.sharpe_ratio,
      strategy_max_dd: strategy_result.result.max_draw_down_percentage,
      benchmark_max_dd: benchmark_result.max_draw_down_percentage,
      risk_adjusted_winner: determine_winner(strategy_result, benchmark_result)
    }
  end
  
  defp determine_winner(strategy, benchmark) do
    # Simple scoring system - you might want something more sophisticated
    strategy_score = 
      (strategy.result.sharpe_ratio || 0) - 
      (strategy.result.max_draw_down_percentage / 10)
    
    benchmark_score = 
      (benchmark.sharpe_ratio || 0) - 
      (benchmark.max_draw_down_percentage / 10)
    
    if strategy_score > benchmark_score, do: :strategy, else: :benchmark
  end
end
Conclusion
This advanced tutorial covers the essential patterns for building professional trading strategies with ExPostFacto. Key takeaways:
	Structure Matters: Use proper state management and modular design
	Risk First: Always implement comprehensive risk management
	Validate Thoroughly: Use walk-forward analysis and statistical validation
	Monitor Continuously: Implement proper monitoring and alerting
	Benchmark Everything: Compare your strategies against relevant benchmarks

The patterns shown here form the foundation for building robust, production-ready trading systems. Adapt them to your specific needs and always test thoroughly before deploying capital.
Next Steps
	Implement your own risk management framework
	Build a portfolio allocation system
	Add machine learning components for adaptive strategies
	Integrate with live data feeds and execution systems
	Develop a comprehensive backtesting pipeline

Happy trading! 🚀


  

    Parameter Optimization Framework

ExPostFacto now includes a comprehensive parameter optimization framework that enables systematic strategy development and parameter tuning.
Features
1. Grid Search Optimization
Systematically tests all combinations of parameter values within specified ranges.
{:ok, results} = ExPostFacto.optimize(
  market_data,
  MyStrategy,
  [fast: 5..20, slow: 20..50],
  maximize: :sharpe_ratio
)
2. Random Search Optimization
Randomly samples parameter combinations for efficient exploration of large parameter spaces.
{:ok, results} = ExPostFacto.optimize(
  market_data,
  MyStrategy,
  [fast: 5..20, slow: 20..50],
  method: :random_search,
  samples: 100,
  maximize: :total_return_pct
)
3. Walk-Forward Analysis
Tests parameter robustness over time using rolling training and validation windows.
{:ok, results} = ExPostFacto.optimize(
  market_data,
  MyStrategy,
  [fast: 5..15, slow: 20..40],
  method: :walk_forward,
  training_window: 100,
  validation_window: 50,
  step_size: 25
)
4. Parameter Heatmaps
Generates visualization data for analyzing 2D parameter relationships.
{:ok, heatmap} = ExPostFacto.heatmap(results, :fast, :slow)

# Access heatmap data
x_values = heatmap.x_values     # [5, 6, 7, ...]
y_values = heatmap.y_values     # [20, 21, 22, ...]
scores = heatmap.scores         # [[0.1, 0.2, ...], [0.3, 0.4, ...]]
Supported Optimization Metrics
	:sharpe_ratio - Risk-adjusted return (Sharpe ratio)
	:total_return_pct - Total percentage return
	:cagr_pct - Compound Annual Growth Rate
	:profit_factor - Gross profit / gross loss ratio
	:sqn - System Quality Number
	:win_rate - Percentage of winning trades
	:max_draw_down_percentage - Maximum drawdown (minimized)

Parameter Specification
Parameters can be specified as:
	Ranges: fast_period: 5..20
	Lists: fast_period: [5, 10, 15, 20]
	Single values: fast_period: 10

Result Structure
Optimization results include:
%{
  best_params: [fast_period: 12, slow_period: 26],
  best_score: 1.42,
  best_output: %ExPostFacto.Output{...},
  all_results: [...],
  method: :grid_search,
  metric: :sharpe_ratio
}
Walk-Forward Analysis Results
Walk-forward analysis provides additional insights:
%{
  windows: [...],                    # Results for each window
  summary: %{                       # Aggregated metrics
    total_windows: 10,
    valid_windows: 8,
    average_validation_score: 0.85
  },
  parameters_stability: %{          # Parameter stability analysis
    parameter_stability: %{
      fast_period: %{
        unique_values: 3,
        stability_ratio: 0.375,
        most_common: 12
      }
    },
    overall_stability: 0.42
  }
}
Error Handling
The framework includes comprehensive error handling:
	Invalid parameter ranges
	Insufficient data for walk-forward analysis
	Strategy initialization failures
	Missing optimization metrics

Performance Considerations
	Grid search: Limited by max_combinations (default: 1000)
	Random search: Efficient for large parameter spaces
	Walk-forward: Requires sufficient data length
	All methods leverage existing backtesting infrastructure

Integration
The optimization framework integrates seamlessly with:
	Strategy behaviour modules
	Traditional MFA tuple strategies
	All existing ExPostFacto features
	Comprehensive metrics and statistics

This professional-grade optimization framework enables systematic strategy development and robust parameter tuning for quantitative trading strategies.


  

    Comprehensive Statistics and Metrics

This document describes the comprehensive statistics and metrics now available in ExPostFacto, bringing the library's analytics capabilities to professional trading standards.
Overview
ExPostFacto now calculates over 30 different metrics that provide deep insights into trading strategy performance. These metrics are automatically calculated when you run Result.compile/1 and can be accessed through the Result.comprehensive_summary/1 function.
Comprehensive Metrics Categories
1. Basic Performance Metrics
Purpose: Core profitability and duration metrics
	total_return_pct: Total percentage return of the strategy
	cagr_pct: Compound Annual Growth Rate 
	duration_days: Number of days the backtest ran
	trades_count: Total number of completed trades

Example Values:
%{
  total_return_pct: 25.42,
  cagr_pct: 16.80,
  duration_days: 365,
  trades_count: 93
}
2. Risk-Adjusted Performance Metrics
Purpose: Measure return quality relative to risk taken
Sharpe Ratio
	Formula: (Annual Return - Risk Free Rate) / Annual Volatility
	Interpretation: 	1.0: Excellent risk-adjusted returns


	0.5-1.0: Good performance
	< 0.5: Poor risk-adjusted returns



Sortino Ratio
	Formula: (Annual Return - Risk Free Rate) / Downside Volatility
	Advantage: Only considers downside volatility (negative returns)
	Interpretation: Higher values indicate better downside risk management

Calmar Ratio
	Formula: Annual Return / |Maximum Drawdown|
	Interpretation: Measures return relative to worst drawdown
	Good Value: > 0.5

Example Values:
%{
  sharpe_ratio: 0.66,
  sortino_ratio: 1.30,
  calmar_ratio: 0.77,
  annual_volatility: 38.43
}
3. Drawdown Analysis
Purpose: Understand the magnitude and duration of losses
	max_drawdown_pct: Largest peak-to-trough decline
	max_drawdown_duration_days: Longest time to recover from a drawdown
	average_drawdown_pct: Average size of all drawdowns
	average_drawdown_duration_days: Average time to recover

Example Values:
%{
  max_drawdown_pct: -33.08,
  max_drawdown_duration_days: 688,
  average_drawdown_pct: -5.58,
  average_drawdown_duration_days: 41
}
4. Trading Performance Metrics
Purpose: Analyze the effectiveness of individual trades
Profit Factor
	Formula: Gross Profit / |Gross Loss|
	Interpretation:	2.0: Excellent strategy


	1.5-2.0: Good strategy  
	1.0-1.5: Marginal strategy
	< 1.0: Losing strategy



Expectancy
	Formula: Total P&L / Number of Trades
	Purpose: Average expected profit per trade

Win Rate
	Formula: Winning Trades / Total Trades * 100
	Note: High win rate doesn't guarantee profitability

Example Values:
%{
  profit_factor: 2.13,
  expectancy: 691.50,
  expectancy_pct: 6.91,
  win_rate: 53.76,
  win_count: 50
}
5. Trade Analysis
Purpose: Detailed breakdown of trade characteristics
	best_trade_pct: Largest winning trade as percentage
	worst_trade_pct: Largest losing trade as percentage  
	average_trade_pct: Average trade return as percentage
	max_trade_duration_days: Longest held position
	average_trade_duration_days: Average holding period

Example Values:
%{
  best_trade_pct: 57.12,
  worst_trade_pct: -16.63,
  average_trade_pct: 1.96,
  max_trade_duration_days: 121,
  average_trade_duration_days: 32
}
6. Profit/Loss Breakdown
Purpose: Understand the composition of returns
	gross_profit: Total profits from winning trades
	gross_loss: Total losses from losing trades
	average_winning_trade: Average profit per winning trade
	average_losing_trade: Average loss per losing trade
	largest_winning_trade: Single largest profit
	largest_losing_trade: Single largest loss

7. System Quality Number (SQN)
Purpose: Measure the quality and reliability of the trading system
Formula: (Average Trade Result / Standard Deviation) * √(Number of Trades)
Interpretation:
	< 1.6: Poor system
	1.6-1.9: Below average but tradeable
	2.0-2.4: Average system
	2.5-2.9: Good system  
	3.0-5.0: Excellent system
	5.0-6.9: Superb system
	7.0: Too good to be true (likely over-fitted)



Example:
%{
  sqn: 1.78,
  sqn_interpretation: "Below average but tradeable"
}
8. Kelly Criterion
Purpose: Optimal position sizing for maximum long-term growth
Formula: (bp - q) / b
Where:
	b = odds ratio (average win / average loss)
	p = probability of winning
	q = probability of losing

Interpretation:
	Negative: No edge, avoid strategy
	0-10%: Weak edge, small positions
	10-25%: Moderate edge, reasonable strategy
	25-40%: Strong edge, good strategy
	40%: Very strong edge, potentially too aggressive



Example:
%{
  kelly_criterion: 0.6134,  # 61.34% - very aggressive!
  kelly_interpretation: "Very strong edge - potentially too aggressive"
}
9. Market Risk Analysis
Purpose: Compare strategy performance to market benchmarks
Alpha
	Definition: Excess return over what would be expected given market performance
	Positive Alpha: Strategy outperformed the market
	Negative Alpha: Strategy underperformed the market

Beta
	Definition: Sensitivity to market movements
	Beta = 1.0: Same volatility as market
	Beta > 1.0: More volatile than market
	Beta < 1.0: Less volatile than market

Information Ratio
	Formula: Alpha / Tracking Error
	Purpose: Risk-adjusted measure of active return

Example Values:
%{
  alpha: 6.8,           # 6.8% excess return vs market
  beta: 0.85,           # 15% less volatile than market
  information_ratio: 0.45,
  tracking_error: 15.2,
  market_correlation: 0.65
}
Usage Examples
Getting Comprehensive Statistics
# Run backtest
{:ok, output} = ExPostFacto.backtest(data, strategy, starting_balance: 100_000)

# Get comprehensive summary (clean map without internal data)
summary = ExPostFacto.Result.comprehensive_summary(output.result)

# Access specific metrics
IO.puts("Sharpe Ratio: #{summary.sharpe_ratio}")
IO.puts("Kelly Criterion: #{summary.kelly_criterion * 100}%")
IO.puts("SQN Rating: #{summary.sqn_interpretation}")
Raw Result Access
# Access raw result struct with all calculated fields
result = output.result

# All comprehensive metrics are available as struct fields
result.total_return_pct
result.sharpe_ratio
result.profit_factor
result.sqn
result.kelly_criterion
# ... and many more
Professional Reporting
def generate_report(summary) do
  """
  STRATEGY PERFORMANCE REPORT
  ===========================
  
  Returns:
  - Total Return: #{summary.total_return_pct}%
  - CAGR: #{summary.cagr_pct}%
  - Sharpe Ratio: #{summary.sharpe_ratio}
  
  Risk:
  - Max Drawdown: #{summary.max_drawdown_pct}%
  - Volatility: #{summary.annual_volatility}%
  
  Quality:
  - SQN: #{summary.sqn} (#{summary.sqn_interpretation})
  - Profit Factor: #{summary.profit_factor}
  
  Position Sizing:
  - Kelly %: #{summary.kelly_criterion * 100}%
  - Recommendation: #{summary.kelly_interpretation}
  """
end
Implementation Notes
Benchmark Assumptions
	Default risk-free rate: 2% annually
	Default market return: 10% annually (S&P 500 historical average)
	Market volatility estimate: 18% annually

These can be customized by calling the underlying calculation functions directly:
alias ExPostFacto.TradeStats.{FinancialRatios, MarketRisk}

# Custom risk-free rate
sharpe = FinancialRatios.sharpe_ratio(result, 0.03)  # 3% risk-free rate

# Custom benchmark
alpha = MarketRisk.alpha(result, 12.0, 0.025)  # 12% benchmark, 2.5% risk-free
Calculation Accuracy
	All metrics handle edge cases (zero trades, zero volatility, etc.)
	Time-series calculations are approximated when high-frequency data isn't available
	For maximum accuracy with Alpha/Beta, provide actual benchmark time series data

Performance Impact
	All comprehensive statistics are calculated once during Result.compile/1
	No significant performance impact on backtesting speed
	Use comprehensive_summary/1 for clean reporting without internal data structures

Professional Standards
These metrics bring ExPostFacto to the same analytical standards as:
	Professional trading platforms (MetaTrader, TradeStation)
	Institutional risk management systems
	Academic finance research
	Hedge fund reporting standards

The implementation follows established formulas from:
	"Quantitative Trading" by Ernest Chan
	"Evidence-Based Technical Analysis" by David Aronson  
	CFA Institute standards
	Academic finance literature

This comprehensive suite of metrics enables thorough strategy evaluation, risk assessment, and performance attribution analysis at a professional level.


  

    Best Practices Guide for ExPostFacto

This guide covers best practices for developing effective trading strategies and conducting reliable backtests with ExPostFacto.
Table of Contents
	Strategy Development
	Data Management
	Backtesting Methodology
	Performance Optimization
	Risk Management
	Testing and Validation
	Production Considerations

Strategy Development
Choose the Right Strategy Pattern
Use MFA tuples for simple strategies:
defmodule SimpleThresholdStrategy do
  def call(data, _result) do
    if data.close > 100.0, do: :buy, else: :sell
  end
end
Use Strategy behaviour for complex strategies:
defmodule ComplexMacdStrategy do
  use ExPostFacto.Strategy
  
  def init(opts) do
    {:ok, %{
      fast_period: Keyword.get(opts, :fast_period, 12),
      slow_period: Keyword.get(opts, :slow_period, 26),
      signal_period: Keyword.get(opts, :signal_period, 9),
      price_history: []
    }}
  end
  
  def next(state) do
    # Complex logic with state management
    {:ok, updated_state}
  end
end
Strategy Design Principles
1. Keep It Simple
	Start with simple strategies and add complexity gradually
	Each strategy should have a clear, testable hypothesis
	Avoid over-optimization (curve fitting)

2. State Management
def next(state) do
  # Good: Update state immutably
  new_state = %{state | price_history: [current_price | state.price_history]}
  
  # Bad: Mutating external state
  # Agent.update(:my_agent, fn prices -> [current_price | prices] end)
  
  {:ok, new_state}
end
3. Use Technical Indicators Effectively
def next(state) do
  prices = [data().close | state.price_history]
  
  # Calculate indicators
  sma_20 = indicator(:sma, prices, 20)
  rsi_14 = indicator(:rsi, prices, 14)
  {macd, signal, _} = indicator(:macd, prices)
  
  # Combine multiple signals
  bullish = rsi_14 < 30 and List.first(macd) > List.first(signal)
  
  if bullish and position() != :long do
    buy()
  end
  
  {:ok, %{state | price_history: prices}}
end
4. Handle Edge Cases
def next(state) do
  # Check for sufficient data
  if length(state.price_history) < state.required_periods do
    {:ok, state}  # Don't trade without enough data
  else
    # Your trading logic here
    make_trading_decision(state)
  end
end
Data Management
Data Quality Standards
1. Validate Your Data
# Always validate before backtesting
case ExPostFacto.validate_data(market_data) do
  :ok -> 
    run_backtest(market_data)
  {:error, reason} -> 
    IO.puts("Data validation failed: #{reason}")
    fix_data_issues(market_data)
end
2. Clean Messy Data
# Enable automatic cleaning
{:ok, result} = ExPostFacto.backtest(
  market_data,
  strategy,
  clean_data: true,      # Removes invalid points
  validate_data: true    # Validates OHLC relationships
)
3. Handle Missing Data Appropriately
# Fill gaps in data
def fill_missing_data(data) do
  data
  |> Enum.sort_by(& &1.timestamp)
  |> fill_price_gaps()
  |> remove_duplicate_timestamps()
end

defp fill_price_gaps(data) do
  # Implementation for forward-fill or interpolation
  Enum.map_reduce(data, nil, fn point, prev ->
    case point do
      %{close: nil} when not is_nil(prev) ->
        {%{point | close: prev.close}, point}
      _ ->
        {point, point}
    end
  end)
  |> elem(0)
end
Data Sources and Formats
Recommended CSV Format
Date,Open,High,Low,Close,Volume
2023-01-01,100.00,105.00,98.00,102.00,1000000
2023-01-02,102.00,108.00,101.00,106.00,1200000
Alternative Formats Supported
# Map format (runtime data)
data = [
  %{open: 100.0, high: 105.0, low: 98.0, close: 102.0, timestamp: ~D[2023-01-01]},
  %{open: 102.0, high: 108.0, low: 101.0, close: 106.0, timestamp: ~D[2023-01-02]}
]

# Short notation
data = [
  %{o: 100.0, h: 105.0, l: 98.0, c: 102.0},
  %{o: 102.0, h: 108.0, l: 101.0, c: 106.0}
]
Backtesting Methodology
Avoid Common Pitfalls
1. Look-Ahead Bias
# Bad: Using future data
def bad_strategy(data, result) do
  future_prices = get_next_n_prices(data, 5)  # DON'T DO THIS
  if will_price_increase?(future_prices), do: :buy, else: :sell
end

# Good: Only use current and historical data
def good_strategy(data, result) do
  if data.close > get_sma(result.data_points, 20), do: :buy, else: :sell
end
2. Survivorship Bias
	Include delisted/failed assets in your data
	Test on diverse market conditions
	Don't just use successful assets

3. Overfitting
# Bad: Too many parameters
{:ok, result} = ExPostFacto.optimize(
  data, MyStrategy,
  [
    short_ma: 1..50, long_ma: 51..200, rsi_period: 5..30,
    rsi_upper: 60..90, rsi_lower: 10..40, stop_loss: 0.01..0.20
  ]
)

# Good: Fewer, meaningful parameters
{:ok, result} = ExPostFacto.optimize(
  data, MyStrategy,
  [fast_period: 5..15, slow_period: 20..40]
)
Walk-Forward Analysis
# Use walk-forward analysis for robust testing
{:ok, result} = ExPostFacto.optimize(
  data, MyStrategy,
  [fast_period: 5..15, slow_period: 20..40],
  method: :walk_forward,
  training_window: 252,  # 1 year
  validation_window: 63, # 3 months
  step_size: 21          # 1 month
)
Out-of-Sample Testing
# Split data for proper validation
{training_data, test_data} = split_data(full_data, 0.8)

# Optimize on training data
{:ok, optimization_result} = ExPostFacto.optimize(
  training_data, MyStrategy,
  parameter_ranges
)

# Test best parameters on unseen data
{:ok, final_result} = ExPostFacto.backtest(
  test_data,
  {MyStrategy, optimization_result.best_params}
)
Performance Optimization
Efficient Strategy Implementation
1. Minimize Calculations
def next(state) do
  # Good: Only calculate when needed
  if length(state.price_history) >= state.ma_period do
    sma = calculate_sma(state.price_history, state.ma_period)
    make_decision(sma, state)
  else
    {:ok, state}
  end
end

# Bad: Calculate every time
def next(state) do
  sma = calculate_sma(state.price_history, state.ma_period)  # May be unnecessary
  make_decision(sma, state)
end
2. Use Built-in Indicators
# Good: Use optimized built-in indicators
sma_values = indicator(:sma, prices, 20)
macd_values = indicator(:macd, prices)

# Less efficient: Custom implementation
def slow_sma(prices, period) do
  Enum.map(0..(length(prices) - 1), fn i ->
    if i >= period - 1 do
      prices
      |> Enum.slice((i - period + 1)..i)
      |> Enum.sum()
      |> Kernel./(period)
    else
      nil
    end
  end)
end
3. Parallel Optimization
# Use concurrent optimization for large parameter spaces
{:ok, result} = ExPostFacto.optimize(
  data, MyStrategy,
  parameter_ranges,
  method: :random_search,
  samples: 1000,
  max_concurrent: System.schedulers_online()
)
Memory Management
1. Limit Historical Data
def next(state) do
  # Keep only what you need
  max_history = max(state.ma_period, state.rsi_period) + 10
  
  updated_history = 
    [data().close | state.price_history]
    |> Enum.take(max_history)
  
  {:ok, %{state | price_history: updated_history}}
end
2. Stream Large Datasets
# For very large datasets
{:ok, result} = ExPostFacto.backtest_stream(
  "very_large_file.csv",
  strategy,
  chunk_size: 1000,
  memory_limit_mb: 100
)
Risk Management
Position Sizing
defmodule RiskManagedStrategy do
  use ExPostFacto.Strategy
  
  def init(opts) do
    {:ok, %{
      max_position_size: Keyword.get(opts, :max_position_size, 0.1),  # 10% of equity
      stop_loss_pct: Keyword.get(opts, :stop_loss, 0.05)             # 5% stop loss
    }}
  end
  
  def next(state) do
    if should_buy?(state) do
      # Calculate position size based on risk
      equity = equity()
      position_size = min(equity * state.max_position_size, calculate_kelly_size(state))
      
      # Use custom order sizing (if implemented)
      buy()  # Or buy(position_size) if position sizing is available
    end
    
    {:ok, state}
  end
end
Stop Loss Implementation
def next(state) do
  current_position = position()
  
  case current_position do
    :long ->
      if stop_loss_triggered?(state) do
        close_buy()
      end
    :short ->
      if stop_loss_triggered?(state) do
        close_sell()
      end
    _ ->
      :ok
  end
  
  {:ok, state}
end

defp stop_loss_triggered?(state) do
  # Implement your stop loss logic
  current_price = data().close
  entry_price = get_entry_price(state)
  loss_pct = (entry_price - current_price) / entry_price
  
  loss_pct > state.stop_loss_pct
end
Testing and Validation
Unit Testing Strategies
defmodule MyStrategyTest do
  use ExUnit.Case
  
  test "strategy generates buy signal when conditions are met" do
    state = %{threshold: 100.0}
    data = %{close: 105.0}
    
    # Mock the data() function
    :meck.new(ExPostFacto.Strategy, [:passthrough])
    :meck.expect(ExPostFacto.Strategy, :data, fn -> data end)
    
    result = MyStrategy.next(state)
    
    assert {:ok, _} = result
    # Verify buy signal was generated
    
    :meck.unload(ExPostFacto.Strategy)
  end
end
Integration Testing
defmodule BacktestIntegrationTest do
  use ExUnit.Case
  
  test "complete backtest with real data" do
    market_data = load_test_data("test/fixtures/sample_data.csv")
    
    {:ok, result} = ExPostFacto.backtest(
      market_data,
      {MyStrategy, [threshold: 100.0]},
      starting_balance: 10_000.0
    )
    
    assert result.result.trades_count > 0
    assert is_number(result.result.total_profit_and_loss)
  end
end
Validation Checklist
	[ ] Strategy logic is tested in isolation
	[ ] Backtest produces reasonable number of trades
	[ ] Results are consistent across multiple runs with same data
	[ ] Strategy performs reasonably on different market conditions
	[ ] Out-of-sample testing shows similar performance to in-sample
	[ ] Walk-forward analysis validates strategy robustness

Production Considerations
Monitoring and Alerting
def next(state) do
  result = make_trading_decision(state)
  
  # Log important events
  if significant_event?(result) do
    Logger.info("Strategy event: #{inspect(result)}")
  end
  
  # Monitor for anomalies
  if anomaly_detected?(result, state) do
    send_alert("Strategy anomaly detected")
  end
  
  result
end
Configuration Management
# Use configuration files for parameters
config = Application.get_env(:my_app, :strategy_config)

{:ok, result} = ExPostFacto.backtest(
  data,
  {MyStrategy, config.parameters},
  starting_balance: config.starting_balance
)
Error Handling
def run_backtest_with_retry(data, strategy, max_retries \\ 3) do
  case ExPostFacto.backtest(data, strategy, enhanced_validation: true) do
    {:ok, result} -> 
      {:ok, result}
    {:error, error} when max_retries > 0 ->
      Logger.warning("Backtest failed, retrying: #{inspect(error)}")
      :timer.sleep(1000)
      run_backtest_with_retry(data, strategy, max_retries - 1)
    {:error, error} ->
      Logger.error("Backtest failed after retries: #{inspect(error)}")
      {:error, error}
  end
end
Summary
Following these best practices will help you:
	Develop robust strategies that work in real market conditions
	Avoid common backtesting pitfalls that lead to false confidence
	Optimize performance for large-scale testing
	Manage risk appropriately in your strategies
	Test thoroughly before deploying strategies
	Monitor effectively in production environments

Remember: The goal is not to create the most complex strategy, but to find simple, robust approaches that work consistently across different market conditions.


  

    Enhanced Data Handling Usage Examples

This file demonstrates the new enhanced data handling and validation features in ExPostFacto.
Data Validation
# Validate OHLCV data structure and values
valid_data = [
  %{open: 100.0, high: 105.0, low: 98.0, close: 102.0, volume: 1000000},
  %{open: 102.0, high: 108.0, low: 101.0, close: 106.0, volume: 1200000}
]

case ExPostFacto.validate_data(valid_data) do
  :ok -> IO.puts("Data is valid!")
  {:error, reason} -> IO.puts("Validation error: #{reason}")
end

# Example with invalid data
invalid_data = [%{open: 100.0, high: 95.0, low: 98.0, close: 102.0}]  # high < low
{:error, "data point 0: invalid OHLC data: high (95.0) must be >= low (98.0)"} = 
  ExPostFacto.validate_data(invalid_data)
Data Cleaning
# Clean messy data - removes invalid points, sorts by timestamp, removes duplicates
dirty_data = [
  %{open: 100.0, high: 105.0, low: 98.0, close: 102.0, timestamp: "2023-01-03"},
  %{open: nil, high: 105.0, low: 98.0, close: 102.0, timestamp: "2023-01-02"},    # invalid
  %{open: 100.0, high: 95.0, low: 98.0, close: 102.0, timestamp: "2023-01-01"},  # invalid
  %{open: 106.0, high: 110.0, low: 104.0, close: 108.0, timestamp: "2023-01-04"}
]

{:ok, clean_data} = ExPostFacto.clean_data(dirty_data)
# Result: 2 valid data points, sorted by timestamp
Multiple Input Formats
# 1. CSV file path
{:ok, output} = ExPostFacto.backtest("path/to/market_data.csv", {MyStrategy, :call, []})

# 2. List of maps (existing functionality)
data = [%{open: 100.0, high: 105.0, low: 98.0, close: 102.0}]
{:ok, output} = ExPostFacto.backtest(data, {MyStrategy, :call, []})

# 3. JSON string
json_data = ~s([{"open": 100.0, "high": 105.0, "low": 98.0, "close": 102.0}])
{:ok, output} = ExPostFacto.backtest(json_data, {MyStrategy, :call, []})
Enhanced Timestamp Handling
# Supports multiple timestamp formats
mixed_data = [
  %{open: 100.0, high: 105.0, low: 98.0, close: 102.0, timestamp: "2023-01-01"},           # Date
  %{open: 102.0, high: 108.0, low: 101.0, close: 106.0, timestamp: "2023-01-02T12:00:00Z"}, # ISO 8601
  %{open: 106.0, high: 110.0, low: 104.0, close: 108.0, t: "1672790400"}                    # Unix timestamp
]

# Timestamps are automatically normalized to DateTime structs when possible
alias ExPostFacto.InputData
processed = Enum.map(mixed_data, &InputData.munge/1)
# Each processed item will have normalized timestamps
CSV Format Support
ExPostFacto automatically handles common CSV formats:
Date,Open,High,Low,Close,Volume
2023-01-01,100.0,105.0,98.0,102.0,1000000
2023-01-02,102.0,108.0,101.0,106.0,1200000
Or with adjusted close:
Date,Open,High,Low,Close,Adj Close,Volume
2023-01-01,100.0,105.0,98.0,102.0,101.5,1000000
2023-01-02,102.0,108.0,101.0,106.0,105.8,1200000
Flexible Options
# Skip validation for performance or if you trust your data
{:ok, output} = ExPostFacto.backtest(data, strategy, validate_data: false)

# Skip cleaning if data is already clean
{:ok, output} = ExPostFacto.backtest(data, strategy, clean_data: false)

# Combine with other options
{:ok, output} = ExPostFacto.backtest(
  "market_data.csv", 
  {MyStrategy, :call, []}, 
  starting_balance: 100_000.0,
  validate_data: true,
  clean_data: true
)
Error Handling
# Detailed error messages for debugging
{:error, "data point 5: missing required OHLC fields"} = 
  ExPostFacto.validate_data(invalid_data)

{:error, "failed to load data: failed to read file: enoent"} = 
  ExPostFacto.backtest("nonexistent.csv", strategy)


  

    Enhanced Error Handling and Validation - Implementation Summary

Overview
This document summarizes the implementation of GitHub Issue #8: "Improved Error Handling and Validation" for the ExPostFacto trading strategy backtesting library.
What Was Implemented
1. Enhanced Validation Module (lib/ex_post_facto/validation.ex)
A comprehensive validation system with the following features:
Exception Types
	ValidationError: For data validation issues with detailed context and suggestions
	StrategyError: For strategy-related errors with specific troubleshooting guidance

Validation Functions
	validate_data_enhanced/2: Comprehensive data validation with quality checks
	validate_strategy/2: Strategy validation for both MFA tuples and Strategy behaviours
	validate_options/1: Backtest option validation with type checking
	check_runtime_warnings/2: Post-execution analysis and warnings

Key Features
	Detailed Error Messages: Clear, actionable error descriptions
	Context Information: Relevant data about the error (field names, values, indices)
	Suggestions: Specific recommendations for fixing issues
	Debug Information: Additional details for troubleshooting
	Warning System: Non-fatal issues that developers should be aware of

2. Enhanced Backtest Function
New backtest_with_enhanced_validation/3 Function
	Optional enhanced validation (backward compatible - disabled by default)
	Debug mode with detailed logging
	Warning system for runtime issues
	Graceful error handling with detailed feedback

Integration Points
	enhanced_validation: true option enables the enhanced system
	debug: true option provides detailed logging
	warnings: true option controls warning display (default: enabled)

3. Error Formatting and User Experience
format_error/1 Function
	User-friendly error formatting
	Context-aware messaging (e.g., "Data point 5" instead of "point_index: 5")
	Structured output with clear sections for message, context, and suggestions

Usage Examples
Basic Enhanced Validation
# Enable enhanced validation
{:ok, output} = ExPostFacto.backtest(data, strategy, enhanced_validation: true)

# With debug mode
{:ok, output} = ExPostFacto.backtest(data, strategy,
                                    enhanced_validation: true,
                                    debug: true)
Error Handling
case ExPostFacto.backtest(invalid_data, strategy, enhanced_validation: true) do
  {:ok, output} ->
    # Success
    output

  {:error, %ExPostFacto.Validation.ValidationError{} = error} ->
    # Data validation error with detailed feedback
    IO.puts(ExPostFacto.Validation.format_error(error))

  {:error, %ExPostFacto.Validation.StrategyError{} = error} ->
    # Strategy error with troubleshooting suggestions
    IO.puts(ExPostFacto.Validation.format_error(error))
end
Enhanced Error Messages
Before (Original System)
"invalid data"
"strategy cannot be nil"
After (Enhanced System)
Missing required OHLC fields in data point 0

Context: point_index: 0, available_fields: [:high, :open], missing_fields: [:low, :close]

Suggestions:
  - Ensure all data points have open, high, low, close fields
  - Alternative short form (o, h, l, c) is also supported
  - Available fields: [:high, :open]
Warning System
The enhanced validation provides warnings for common issues:
	Data Quality: Missing volume data, small datasets, unusual price relationships
	Strategy Issues: Using no-op strategies, performance concerns
	Runtime Problems: No trades executed, high drawdowns, unusual results

Backward Compatibility
	Default Behavior: Enhanced validation is disabled by default (enhanced_validation: false)
	Existing Code: All existing code continues to work unchanged
	Migration Path: Users can opt-in to enhanced validation gradually

Testing and Validation
Demo Script Results
The implementation was tested with a comprehensive demo script that verified:
	✅ Valid data processing with enhanced validation
	✅ Invalid data detection with detailed error messages
	✅ Invalid strategy detection with troubleshooting suggestions
	✅ Debug mode with comprehensive logging
	✅ Warning system for runtime issues

Test Coverage
	Core Functionality: All existing tests pass (381 tests, 0 failures)
	Enhanced Features: New test suite for validation system
	Integration: Backward compatibility verified

Performance Impact
	Minimal Overhead: Enhanced validation only runs when explicitly enabled
	Efficient Validation: Checks are optimized to fail fast on common issues
	Optional Debug: Debug logging only active when requested

Developer Experience Improvements
	Clear Error Messages: Developers can quickly understand and fix issues
	Contextual Information: Relevant data helps pinpoint problems
	Actionable Suggestions: Specific recommendations for resolution
	Debug Support: Detailed logging for complex troubleshooting
	Warning System: Proactive feedback on potential issues

Implementation Quality
	Comprehensive: Covers data validation, strategy validation, and runtime checks
	Extensible: Easy to add new validation rules and warning types
	Well-Documented: Extensive documentation and examples
	Production-Ready: Proper error handling and graceful degradation

Future Enhancements
The validation framework provides a solid foundation for future improvements:
	Custom validation rules
	Performance profiling and suggestions
	Integration with external data validation services
	Enhanced strategy analysis and recommendations

Conclusion
The enhanced error handling and validation system significantly improves the developer experience while maintaining full backward compatibility. The system provides clear, actionable feedback that helps developers quickly identify and resolve issues with their trading strategies and data.


  

    LiveBook Integration Guide

Overview
LiveBook is Elixir's interactive and collaborative code notebook for data science, machine learning, and exploratory programming. This guide demonstrates how to integrate ExPostFacto with LiveBook to create interactive trading strategy backtesting and analysis workflows.
Key Benefits
	Interactive Development: Test and refine trading strategies in real-time
	Data Visualization: Rich charts and graphs using VegaLite and Kino
	Collaborative Analysis: Share notebooks with team members
	Rapid Prototyping: Quick iteration on strategy ideas
	Documentation: Combine code, results, and explanations in one place

Prerequisites
Before starting, ensure you have:
	Elixir 1.14+ installed
	LiveBook installed and running
	Basic understanding of Elixir and trading concepts

Installation
Option 1: Using LiveBook Desktop
	Download and install LiveBook Desktop
	Create a new notebook
	Add ExPostFacto as a dependency in the setup section:

Mix.install([
  {:ex_post_facto, "~> 0.2.0"},
  {:kino, "~> 0.12.0"},
  {:kino_vega_lite, "~> 0.1.0"}
])
Option 2: Using LiveBook Server
If running LiveBook as a server:
# Install LiveBook
mix escript.install hex livebook

# Start LiveBook
livebook server

Then add dependencies in your notebook as shown above.
Quick Start Example
Basic Backtesting in LiveBook
# Cell 1: Setup and Dependencies
Mix.install([
  {:ex_post_facto, "~> 0.2.0"},
  {:kino, "~> 0.12.0"},
  {:kino_vega_lite, "~> 0.1.0"}
])

alias VegaLite, as: Vl
# Cell 2: Sample Data Generation
defmodule SampleData do
  def generate_ohlc(days \\ 100, base_price \\ 100.0) do
    Enum.reduce(1..days, [], fn day, acc ->
      prev_close = if acc == [], do: base_price, else: hd(acc).close

      # Generate realistic OHLC data with some randomness
      open = prev_close + (:rand.uniform() - 0.5) * 2
      close = open + (:rand.uniform() - 0.5) * 3
      high = max(open, close) + :rand.uniform() * 2
      low = min(open, close) - :rand.uniform() * 2

      point = %{
        open: Float.round(open, 2),
        high: Float.round(high, 2),
        low: Float.round(low, 2),
        close: Float.round(close, 2),
        volume: :rand.uniform(1000000) + 500000,
        timestamp: Date.add(~D[2023-01-01], day - 1) |> Date.to_string()
      }

      [point | acc]
    end) |> Enum.reverse()
  end
end

# Generate 100 days of sample market data
market_data = SampleData.generate_ohlc(100)

IO.puts("Generated #{length(market_data)} data points")
IO.inspect(Enum.take(market_data, 3), label: "Sample data")
# Cell 3: Simple Moving Average Strategy
defmodule SMAStrategy do
  @doc "Simple Moving Average Crossover Strategy"
  def call(%{close: price}, %{data_points: data_points, is_position_open: is_position_open}) do
    # Get recent prices for moving averages
    recent_prices = [price | Enum.map(data_points, & &1.datum.close)]

    case length(recent_prices) do
      len when len < 20 ->
        :noop  # Not enough data
      _ ->
        # Calculate 10-day and 20-day simple moving averages
        sma_10 = recent_prices |> Enum.take(10) |> Enum.sum() |> Kernel./(10)
        sma_20 = recent_prices |> Enum.take(20) |> Enum.sum() |> Kernel./(20)

        cond do
          !is_position_open && sma_10 > sma_20 -> :buy    # Golden cross - buy signal
          is_position_open && sma_10 < sma_20 -> :close_buy  # Death cross - sell signal
          true -> :noop
        end
    end
  end
end
# Cell 4: Run Backtest
{:ok, result} = ExPostFacto.backtest(
  market_data,
  {SMAStrategy, :call, []},
  starting_balance: 100_000.0
)

# Display basic results
IO.puts("=== Backtest Results ===")
IO.puts("Starting Balance: $#{result.result.starting_balance}")
IO.puts("Final Balance: $#{result.result.final_balance}")
IO.puts("Total P&L: $#{result.result.total_profit_and_loss}")
IO.puts("Total Trades: #{length(result.result.trade_pairs)}")

# Get comprehensive statistics
stats = ExPostFacto.Result.comprehensive_summary(result.result)
IO.puts("Win Rate: #{Float.round(stats.win_rate_pct, 2)}%")
IO.puts("Sharpe Ratio: #{Float.round(stats.sharpe_ratio, 3)}")
Advanced Visualization Examples
Price Chart with Trade Signals
# Cell 5: Create Interactive Price Chart
defmodule ChartHelpers do
  def prepare_price_data(market_data) do
    Enum.with_index(market_data, fn data, index ->
      %{
        "index" => index,
        "date" => data.timestamp,
        "open" => data.open,
        "high" => data.high,
        "low" => data.low,
        "close" => data.close,
        "volume" => data.volume
      }
    end)
  end

  def prepare_trade_data(trade_pairs, market_data) do
    # Map trade pairs to chart points
    indexed_data = Enum.with_index(market_data)

    Enum.flat_map(trade_pairs, fn pair ->
      entry_index = Enum.find_index(indexed_data, fn {data, _} ->
        data.timestamp == pair.entry_timestamp
      end)

      exit_index = if pair.exit_timestamp do
        Enum.find_index(indexed_data, fn {data, _} ->
          data.timestamp == pair.exit_timestamp
        end)
      else
        nil
      end

      signals = []

      # Add entry signal
      if entry_index do
        signals = [%{
          "index" => entry_index,
          "price" => pair.entry_price,
          "type" => "BUY",
          "color" => "green"
        } | signals]
      end

      # Add exit signal
      if exit_index do
        signals = [%{
          "index" => exit_index,
          "price" => pair.exit_price,
          "type" => "SELL",
          "color" => "red"
        } | signals]
      end

      signals
    end)
  end
end

# Prepare data for visualization
price_data = ChartHelpers.prepare_price_data(market_data)
trade_signals = ChartHelpers.prepare_trade_data(result.result.trade_pairs, market_data)

# Create the price chart
price_chart =
  Vl.new(width: 800, height: 400)
  |> Vl.data_from_values(price_data)
  |> Vl.mark(:line, color: "steelblue")
  |> Vl.encode_field(:x, "index", type: :quantitative, title: "Time")
  |> Vl.encode_field(:y, "close", type: :quantitative, title: "Price ($)")
  |> Vl.resolve(:scale, y: :independent)

# Add trade signals as overlay
signal_chart =
  Vl.new()
  |> Vl.data_from_values(trade_signals)
  |> Vl.mark(:circle, size: 100)
  |> Vl.encode_field(:x, "index", type: :quantitative)
  |> Vl.encode_field(:y, "price", type: :quantitative)
  |> Vl.encode_field(:color, "color", type: :nominal, scale: [range: ["green", "red"]])
  |> Vl.encode_field(:tooltip, ["type", "price"])

# Combine charts
final_chart = Vl.layer([price_chart, signal_chart])

Kino.VegaLite.new(final_chart)
Performance Metrics Dashboard
# Cell 6: Performance Dashboard
defmodule Dashboard do
  def create_equity_curve(result, market_data) do
    # Calculate running equity over time
    equity_data =
      result.result.data_points
      |> Enum.with_index()
      |> Enum.map(fn {point, index} ->
        %{
          "index" => index,
          "equity" => point.running_balance,
          "date" => Enum.at(market_data, index).timestamp
        }
      end)

    Vl.new(width: 600, height: 300, title: "Equity Curve")
    |> Vl.data_from_values(equity_data)
    |> Vl.mark(:line, color: "green", stroke_width: 2)
    |> Vl.encode_field(:x, "index", type: :quantitative, title: "Time")
    |> Vl.encode_field(:y, "equity", type: :quantitative, title: "Portfolio Value ($)")
  end

  def create_trade_distribution(trade_pairs) do
    trade_data =
      trade_pairs
      |> Enum.map(fn pair ->
        pnl_pct = ((pair.exit_price - pair.entry_price) / pair.entry_price) * 100
        %{
          "pnl_percent" => Float.round(pnl_pct, 2),
          "trade_type" => if pnl_pct > 0, do: "Winner", else: "Loser"
        }
      end)

    Vl.new(width: 400, height: 300, title: "Trade P&L Distribution")
    |> Vl.data_from_values(trade_data)
    |> Vl.mark(:bar)
    |> Vl.encode_field(:x, "pnl_percent", type: :quantitative, bin: true, title: "P&L (%)")
    |> Vl.encode(:y, aggregate: :count, title: "Count")
    |> Vl.encode_field(:color, "trade_type", type: :nominal,
                      scale: [domain: ["Winner", "Loser"], range: ["green", "red"]])
  end
end

# Create equity curve
equity_chart = Dashboard.create_equity_curve(result, market_data)
Kino.VegaLite.new(equity_chart)
# Cell 7: Trade Distribution Chart
trade_dist_chart = Dashboard.create_trade_distribution(result.result.trade_pairs)
Kino.VegaLite.new(trade_dist_chart)
Interactive Strategy Development
Parameter Optimization
# Cell 8: Interactive Parameter Testing
defmodule ParameterOptimizer do
  def test_sma_parameters(market_data, short_periods, long_periods) do
    results = for short <- short_periods, long <- long_periods, short < long do
      strategy = fn data, context ->
        SMAStrategy.call_with_params(data, context, short, long)
      end

      {:ok, result} = ExPostFacto.backtest(
        market_data,
        {__MODULE__, :wrap_strategy, [strategy]},
        starting_balance: 100_000.0
      )

      stats = ExPostFacto.Result.comprehensive_summary(result.result)

      %{
        short_period: short,
        long_period: long,
        total_return: stats.total_return_pct,
        sharpe_ratio: stats.sharpe_ratio,
        win_rate: stats.win_rate_pct,
        max_drawdown: stats.max_drawdown_pct
      }
    end

    # Find best performing combination
    best = Enum.max_by(results, & &1.sharpe_ratio)

    {results, best}
  end

  def wrap_strategy(data, context, strategy_fn) do
    strategy_fn.(data, context)
  end
end

# Test different parameter combinations
short_periods = [5, 10, 15]
long_periods = [20, 30, 50]

{param_results, best_params} = ParameterOptimizer.test_sma_parameters(
  market_data,
  short_periods,
  long_periods
)

IO.puts("=== Parameter Optimization Results ===")
IO.puts("Best Parameters: #{best_params.short_period}/#{best_params.long_period}")
IO.puts("Sharpe Ratio: #{Float.round(best_params.sharpe_ratio, 3)}")
IO.puts("Total Return: #{Float.round(best_params.total_return, 2)}%")
IO.puts("Win Rate: #{Float.round(best_params.win_rate, 2)}%")
Real-time Strategy Testing
# Cell 9: Interactive Strategy Form
form =
  Kino.Control.form([
    short_ma: Kino.Control.number("Short MA Period", default: 10),
    long_ma: Kino.Control.number("Long MA Period", default: 20),
    initial_balance: Kino.Control.number("Starting Balance", default: 100_000)
  ], submit: "Run Backtest")

Kino.Control.stream(form)
|> Kino.listen(fn %{data: %{short_ma: short, long_ma: long, initial_balance: balance}} ->
  if short < long do
    # Create modified strategy with custom parameters
    custom_strategy = fn data, context ->
      SMAStrategy.call_with_params(data, context, short, long)
    end

    {:ok, result} = ExPostFacto.backtest(
      market_data,
      {ParameterOptimizer, :wrap_strategy, [custom_strategy]},
      starting_balance: balance
    )

    stats = ExPostFacto.Result.comprehensive_summary(result.result)

    IO.puts("\n=== Custom Strategy Results ===")
    IO.puts("Parameters: #{short}/#{long} MA")
    IO.puts("Starting Balance: $#{balance}")
    IO.puts("Final Balance: $#{Float.round(result.result.final_balance, 2)}")
    IO.puts("Total Return: #{Float.round(stats.total_return_pct, 2)}%")
    IO.puts("Sharpe Ratio: #{Float.round(stats.sharpe_ratio, 3)}")
    IO.puts("Win Rate: #{Float.round(stats.win_rate_pct, 2)}%")
    IO.puts("Max Drawdown: #{Float.round(stats.max_drawdown_pct, 2)}%")
  else
    IO.puts("Error: Short MA period must be less than Long MA period")
  end
end)

form
Loading Real Market Data
CSV Data Import
# Cell 10: Load Real Market Data
file_input = Kino.Input.file("Upload CSV file with OHLC data")
# Cell 11: Process Uploaded Data
file_data = Kino.Input.read(file_input)

real_market_data = if file_data do
  content = file_data.file_ref |> Kino.Input.file_path() |> File.read!()

  # Parse CSV data (assuming standard OHLC format)
  lines = String.split(content, "\n", trim: true)
  [_header | data_lines] = lines

  Enum.map(data_lines, fn line ->
    [date, open, high, low, close, volume] = String.split(line, ",")

    %{
      timestamp: String.trim(date),
      open: String.to_float(String.trim(open)),
      high: String.to_float(String.trim(high)),
      low: String.to_float(String.trim(low)),
      close: String.to_float(String.trim(close)),
      volume: String.to_integer(String.trim(volume))
    }
  end)
else
  IO.puts("No file uploaded, using sample data")
  market_data
end

IO.puts("Loaded #{length(real_market_data)} data points")
IO.inspect(Enum.take(real_market_data, 3), label: "Sample real data")
Best Practices
1. Notebook Organization
Structure your LiveBook notebooks with clear sections:
	Setup: Dependencies and imports
	Data Loading: Market data preparation
	Strategy Definition: Trading logic
	Backtesting: Running tests
	Analysis: Results and visualization
	Optimization: Parameter tuning

2. Performance Considerations
	Use Enum.take/2 for large datasets in visualizations
	Cache expensive computations using Kino.Process
	Break complex analysis into smaller cells

3. Data Management
# Use Kino.Process to cache large datasets
data_process = Kino.Process.start_link(fn ->
  # Load and process your large dataset here
  heavy_market_data = load_large_dataset()
  heavy_market_data
end)

# Access cached data
cached_data = Kino.Process.get(data_process)
4. Error Handling
# Always validate data before backtesting
case ExPostFacto.validate_data(market_data) do
  :ok ->
    {:ok, result} = ExPostFacto.backtest(market_data, strategy)
    # Process results...

  {:error, reason} ->
    IO.puts("Data validation failed: #{reason}")
    # Handle error...
end
Common Use Cases
1. Strategy Research and Development
	Interactive strategy prototyping
	Parameter sensitivity analysis
	Comparative backtesting

2. Educational and Training
	Teaching trading concepts
	Demonstrating strategy performance
	Risk management education

3. Team Collaboration
	Sharing analysis notebooks
	Collaborative strategy development
	Results presentation

4. Portfolio Analysis
	Multi-strategy comparison
	Risk-adjusted performance metrics
	Correlation analysis

Troubleshooting
Common Issues
1. Dependency Loading Errors
# If you get dependency errors, restart the runtime and try:
Mix.install([
  {:ex_post_facto, "~> 0.2.0"},
  {:kino, "~> 0.12.0"},
  {:kino_vega_lite, "~> 0.1.0"}
], force: true)
2. Memory Issues with Large Datasets
# Process data in chunks for large files
defmodule DataProcessor do
  def process_in_chunks(data, chunk_size \\ 1000) do
    data
    |> Enum.chunk_every(chunk_size)
    |> Enum.map(&process_chunk/1)
    |> List.flatten()
  end

  defp process_chunk(chunk) do
    # Process each chunk separately
    chunk
  end
end
3. Visualization Performance
# Limit data points for charts
limited_data = Enum.take_every(large_dataset, 10)  # Take every 10th point
Additional Resources
	LiveBook Documentation
	VegaLite for Elixir
	Kino Documentation
	ExPostFacto Strategy API Guide
	ExPostFacto Data Handling Examples

Sample Notebooks
Complete example notebooks are available in the notebooks/ directory:
	basic_backtesting.livemd - Introduction to backtesting in LiveBook
	strategy_optimization.livemd - Parameter optimization workflows
	advanced_visualization.livemd - Complex charting and analysis
	real_data_analysis.livemd - Working with real market data

Happy backtesting! 🚀📈


  

    Migration Guide: From Other Backtesting Libraries to ExPostFacto

This guide helps you migrate from popular backtesting libraries to ExPostFacto, highlighting the differences and providing code translation examples.
Table of Contents
	From Python backtesting.py
	From Backtrader
	From Zipline  
	From QuantConnect
	From Pine Script
	Feature Comparison
	Common Migration Patterns

From Python backtesting.py
Basic Structure Comparison
Python backtesting.py:
from backtesting import Backtest, Strategy
import pandas as pd

class SMAStrategy(Strategy):
    n1 = 10  # Fast SMA
    n2 = 20  # Slow SMA
    
    def init(self):
        self.sma1 = self.I(SMA, self.data.Close, self.n1)
        self.sma2 = self.I(SMA, self.data.Close, self.n2)
    
    def next(self):
        if crossover(self.sma1, self.sma2):
            self.buy()
        elif crossover(self.sma2, self.sma1):
            self.sell()

# Run backtest
data = pd.read_csv('data.csv', index_col=0, parse_dates=True)
bt = Backtest(data, SMAStrategy)
result = bt.run()
ExPostFacto equivalent:
defmodule SMAStrategy do
  use ExPostFacto.Strategy
  
  def init(opts) do
    {:ok, %{
      n1: Keyword.get(opts, :n1, 10),
      n2: Keyword.get(opts, :n2, 20),
      price_history: [],
      sma1_history: [],
      sma2_history: []
    }}
  end
  
  def next(state) do
    current_price = data().close
    price_history = [current_price | state.price_history]
    
    sma1 = indicator(:sma, price_history, state.n1)
    sma2 = indicator(:sma, price_history, state.n2)
    
    sma1_history = [sma1 | state.sma1_history]
    sma2_history = [sma2 | state.sma2_history]
    
    # Check for crossovers
    if crossover?(sma1_history, sma2_history) do
      buy()
    elsif crossover?(sma2_history, sma1_history) do
      sell()
    end
    
    {:ok, %{state | 
      price_history: price_history,
      sma1_history: sma1_history,
      sma2_history: sma2_history
    }}
  end
end

# Run backtest
{:ok, result} = ExPostFacto.backtest(
  "data.csv",
  {SMAStrategy, [n1: 10, n2: 20]},
  starting_balance: 10_000.0
)
Key Differences
	backtesting.py	ExPostFacto	Notes
	self.I(indicator, ...)	indicator(:name, data, params)	Built-in indicators
	self.buy()	buy()	Position management
	self.sell()	sell()	Position management
	crossover(a, b)	crossover?(a, b)	Signal detection
	self.data.Close	data().close	Data access
	Parameters as class attributes	Parameters in init/1 opts	Configuration

Optimization Comparison
Python backtesting.py:
result = bt.optimize(
    n1=range(5, 20),
    n2=range(20, 50),
    maximize='Sharpe Ratio'
)
ExPostFacto:
{:ok, result} = ExPostFacto.optimize(
  data,
  SMAStrategy,
  [n1: 5..19, n2: 20..49],
  maximize: :sharpe_ratio
)
From Backtrader
Strategy Translation
Backtrader:
import backtrader as bt

class RSIStrategy(bt.Strategy):
    params = (
        ('rsi_period', 14),
        ('rsi_upper', 70),
        ('rsi_lower', 30),
    )
    
    def __init__(self):
        self.rsi = bt.indicators.RSI(period=self.params.rsi_period)
    
    def next(self):
        if not self.position:
            if self.rsi < self.params.rsi_lower:
                self.buy()
        else:
            if self.rsi > self.params.rsi_upper:
                self.sell()
ExPostFacto:
defmodule RSIStrategy do
  use ExPostFacto.Strategy
  
  def init(opts) do
    {:ok, %{
      rsi_period: Keyword.get(opts, :rsi_period, 14),
      rsi_upper: Keyword.get(opts, :rsi_upper, 70),
      rsi_lower: Keyword.get(opts, :rsi_lower, 30),
      price_history: []
    }}
  end
  
  def next(state) do
    price_history = [data().close | state.price_history]
    rsi_values = indicator(:rsi, price_history, state.rsi_period)
    current_rsi = List.first(rsi_values)
    
    current_position = position()
    
    cond do
      current_position == :none and current_rsi < state.rsi_lower ->
        buy()
      current_position == :long and current_rsi > state.rsi_upper ->
        close_buy()
      true ->
        :ok
    end
    
    {:ok, %{state | price_history: price_history}}
  end
end
Position Management
	Backtrader	ExPostFacto	Description
	self.buy()	buy()	Enter long position
	self.sell()	close_buy()	Close long position
	self.sell() (short)	sell()	Enter short position
	self.buy() (cover)	close_sell()	Close short position
	self.position	position()	Current position

From Zipline
Algorithm Structure
Zipline:
from zipline.api import order, symbol, record, schedule_function
from zipline.algorithm import TradingAlgorithm

def initialize(context):
    context.asset = symbol('AAPL')
    context.short_window = 10
    context.long_window = 30

def handle_data(context, data):
    short_mavg = data.history(context.asset, 'price', context.short_window, '1d').mean()
    long_mavg = data.history(context.asset, 'price', context.long_window, '1d').mean()
    
    if short_mavg > long_mavg:
        order(context.asset, 100)
    elif short_mavg < long_mavg:
        order(context.asset, -100)
ExPostFacto:
defmodule ZiplinePortStrategy do
  use ExPostFacto.Strategy
  
  def init(opts) do
    {:ok, %{
      short_window: Keyword.get(opts, :short_window, 10),
      long_window: Keyword.get(opts, :long_window, 30),
      price_history: []
    }}
  end
  
  def next(state) do
    price_history = [data().close | state.price_history]
    
    if length(price_history) >= state.long_window do
      short_mavg = calculate_mavg(price_history, state.short_window)
      long_mavg = calculate_mavg(price_history, state.long_window)
      
      cond do
        short_mavg > long_mavg and position() != :long ->
          if position() == :short, do: close_sell()
          buy()
        short_mavg < long_mavg and position() != :short ->
          if position() == :long, do: close_buy()
          sell()
        true ->
          :ok
      end
    end
    
    {:ok, %{state | price_history: price_history}}
  end
  
  defp calculate_mavg(prices, window) do
    prices |> Enum.take(window) |> Enum.sum() |> Kernel./(window)
  end
end
From QuantConnect
Algorithm Conversion
QuantConnect (C#):
public class BasicAlgorithm : QCAlgorithm
{
    private SimpleMovingAverage sma;
    
    public override void Initialize()
    {
        SetStartDate(2020, 1, 1);
        SetEndDate(2021, 1, 1);
        SetCash(100000);
        
        AddEquity("SPY", Resolution.Daily);
        sma = SMA("SPY", 14);
    }
    
    public override void OnData(Slice data)
    {
        if (data.Bars.ContainsKey("SPY"))
        {
            var price = data.Bars["SPY"].Close;
            
            if (price > sma && !Portfolio.Invested)
            {
                SetHoldings("SPY", 1.0);
            }
            else if (price < sma && Portfolio.Invested)
            {
                Liquidate("SPY");
            }
        }
    }
}
ExPostFacto:
defmodule QuantConnectPortStrategy do
  use ExPostFacto.Strategy
  
  def init(opts) do
    {:ok, %{
      sma_period: Keyword.get(opts, :sma_period, 14),
      price_history: []
    }}
  end
  
  def next(state) do
    current_price = data().close
    price_history = [current_price | state.price_history]
    
    if length(price_history) >= state.sma_period do
      sma_value = indicator(:sma, price_history, state.sma_period) |> List.first()
      current_position = position()
      
      cond do
        current_price > sma_value and current_position != :long ->
          if current_position == :short, do: close_sell()
          buy()
        current_price < sma_value and current_position != :none ->
          if current_position == :long, do: close_buy()
          if current_position == :short, do: close_sell()
        true ->
          :ok
      end
    end
    
    {:ok, %{state | price_history: price_history}}
  end
end
From Pine Script
Script Translation
Pine Script:
//@version=5
strategy("SMA Cross", overlay=true)

short_length = input.int(9, "Short SMA Length")
long_length = input.int(21, "Long SMA Length")

short_sma = ta.sma(close, short_length)
long_sma = ta.sma(close, long_length)

if ta.crossover(short_sma, long_sma)
    strategy.entry("Long", strategy.long)

if ta.crossunder(short_sma, long_sma)
    strategy.close("Long")
ExPostFacto:
defmodule PineScriptPortStrategy do
  use ExPostFacto.Strategy
  
  def init(opts) do
    {:ok, %{
      short_length: Keyword.get(opts, :short_length, 9),
      long_length: Keyword.get(opts, :long_length, 21),
      price_history: [],
      short_sma_history: [],
      long_sma_history: []
    }}
  end
  
  def next(state) do
    current_close = data().close
    price_history = [current_close | state.price_history]
    
    short_sma = indicator(:sma, price_history, state.short_length) |> List.first()
    long_sma = indicator(:sma, price_history, state.long_length) |> List.first()
    
    short_sma_history = [short_sma | state.short_sma_history]
    long_sma_history = [long_sma | state.long_sma_history]
    
    # Check for crossovers
    if crossover?(short_sma_history, long_sma_history) do
      buy()
    elsif crossover?(long_sma_history, short_sma_history) do
      close_buy()
    end
    
    {:ok, %{state | 
      price_history: price_history,
      short_sma_history: short_sma_history,
      long_sma_history: long_sma_history
    }}
  end
end
Feature Comparison
Core Features
	Feature	ExPostFacto	backtesting.py	Backtrader	Zipline	QuantConnect
	Language	Elixir	Python	Python	Python	C#/Python
	Strategy Types	MFA + Behaviour	Class-based	Class-based	Function-based	Class-based
	Built-in Indicators	✅	✅	✅	Limited	✅
	Optimization	✅	✅	✅	❌	✅
	Walk-Forward	✅	❌	✅	❌	✅
	Live Trading	❌	❌	✅	❌	✅
	Multi-Asset	Limited	✅	✅	✅	✅
	Data Cleaning	✅	❌	❌	✅	✅
	Concurrent Processing	✅	❌	❌	❌	✅

Syntax Mapping
	Concept	ExPostFacto	backtesting.py	Backtrader	Pine Script
	Buy Signal	buy()	self.buy()	self.buy()	strategy.entry("Long", strategy.long)
	Sell Signal	sell()	self.sell()	self.sell()	strategy.entry("Short", strategy.short)
	Close Long	close_buy()	self.sell()	self.sell()	strategy.close("Long")
	Close Short	close_sell()	self.buy()	self.buy()	strategy.close("Short")
	Current Price	data().close	self.data.Close[-1]	self.data.close[0]	close
	Position	position()	self.position	self.position	strategy.position_size
	SMA	indicator(:sma, data, n)	self.I(SMA, data, n)	bt.indicators.SMA(period=n)	ta.sma(close, n)
	Crossover	crossover?(a, b)	crossover(a, b)	a > b and a[-1] <= b[-1]	ta.crossover(a, b)

Common Migration Patterns
1. Parameter Configuration
From: Class attributes or function parameters
class Strategy:
    fast_period = 10
    slow_period = 20
To: ExPostFacto init options
def init(opts) do
  {:ok, %{
    fast_period: Keyword.get(opts, :fast_period, 10),
    slow_period: Keyword.get(opts, :slow_period, 20)
  }}
end
2. State Management
From: Instance variables
def __init__(self):
    self.price_history = []
    self.signals = []
To: ExPostFacto state map
def init(_opts) do
  {:ok, %{
    price_history: [],
    signals: []
  }}
end

def next(state) do
  new_state = %{state | price_history: updated_history}
  {:ok, new_state}
end
3. Indicator Usage
From: Self-updating indicators
def init(self):
    self.sma = self.I(SMA, self.data.Close, 20)

def next(self):
    current_sma = self.sma[-1]
To: Manual calculation with history
def next(state) do
  price_history = [data().close | state.price_history]
  sma_value = indicator(:sma, price_history, 20) |> List.first()
  {:ok, %{state | price_history: price_history}}
end
4. Optimization
From: Built-in optimize functions
result = bt.optimize(param1=range(5, 15), param2=range(20, 30))
To: ExPostFacto optimize
{:ok, result} = ExPostFacto.optimize(
  data, Strategy,
  [param1: 5..14, param2: 20..29]
)
Migration Checklist
When migrating from other libraries:
	[ ] Convert class-based strategies to ExPostFacto Strategy behaviour
	[ ] Translate indicator usage to ExPostFacto indicator framework
	[ ] Convert position management calls
	[ ] Adapt parameter configuration to init/1 pattern
	[ ] Update state management to use immutable state maps
	[ ] Convert optimization code to ExPostFacto format
	[ ] Test with same data to verify equivalent results
	[ ] Update any custom indicators or calculations
	[ ] Adapt data loading and preprocessing
	[ ] Review and update risk management logic

Getting Help
If you need help migrating specific strategies or have questions about equivalent functionality:
	Check the Strategy API Guide for detailed behaviour documentation
	Review Best Practices for recommended patterns
	Look at example strategies in lib/ex_post_facto/example_strategies/
	Open an issue on GitHub with your specific migration question

The ExPostFacto community is here to help make your migration as smooth as possible!


  

    ExPostFacto Troubleshooting Guide

This guide helps you diagnose and fix common issues when using ExPostFacto.
Table of Contents
	Installation Issues
	Data Problems
	Strategy Development Issues
	Performance Problems
	Validation Errors
	Common Error Messages
	Debugging Tips

Installation Issues
Problem: Mix dependencies won't resolve
Error:
** (Mix) Could not resolve dependency :ex_post_facto
Solutions:
	Check your mix.exs dependency specification:
{:ex_post_facto, "~> 0.2.0"}

	Clear dependency cache:
mix deps.clean --all
mix deps.get


	Check Elixir/OTP version compatibility:
elixir --version



Problem: Compilation errors
Error:
** (CompileError) lib/my_strategy.ex:5: undefined function buy/0
Solution:
Make sure you're using the Strategy behaviour correctly:
defmodule MyStrategy do
  use ExPostFacto.Strategy  # This imports buy/0, sell/0, etc.

  def init(_opts), do: {:ok, %{}}
  def next(state), do: {:ok, state}
end
Data Problems
Problem: "Data cannot be empty" error
Cause: Your data list is empty or becomes empty after cleaning.
Solutions:
	Check your data source:
IO.inspect(length(market_data), label: "Data length")

	Verify data format:
IO.inspect(hd(market_data), label: "First data point")

	Check if data cleaning removes all points:
{:ok, cleaned} = ExPostFacto.clean_data(market_data)
IO.puts("Original: #{length(market_data)}, Cleaned: #{length(cleaned)}")


Problem: CSV file loading fails
Error:
{:error, "failed to load data: failed to read file: enoent"}
Solutions:
	Check file path:
File.exists?("path/to/data.csv")

	Use absolute paths:
path = Path.expand("data/market_data.csv")
{:ok, result} = ExPostFacto.backtest(path, strategy)

	Verify CSV format:
Date,Open,High,Low,Close,Volume
2023-01-01,100.0,105.0,98.0,102.0,1000000


Problem: Data validation errors
Error:
{:error, "data point 5: invalid OHLC data: high (95.0) must be >= low (98.0)"}
Solutions:
	Clean data before validation:
{:ok, clean_data} = ExPostFacto.clean_data(dirty_data)
{:ok, result} = ExPostFacto.backtest(clean_data, strategy)

	Fix data manually:
fixed_data = Enum.map(data, fn point ->
  %{point |
    high: max(point.high, max(point.open, point.close)),
    low: min(point.low, min(point.open, point.close))
  }
end)

	Skip validation (not recommended):
{:ok, result} = ExPostFacto.backtest(data, strategy, validate_data: false)


Strategy Development Issues
Problem: Strategy never generates trades
Symptoms: trades_count: 0 in results.
Debugging steps:
	Enable debug mode:
{:ok, result} = ExPostFacto.backtest(
  data, strategy,
  enhanced_validation: true,
  debug: true
)

	Add logging to your strategy:
def next(state) do
  current_price = data().close
  IO.puts("Current price: #{current_price}")

  if current_price > 100 do
    IO.puts("Buy condition met!")
    buy()
  end

  {:ok, state}
end

	Check data availability:
def next(state) do
  if length(state.price_history) < 20 do
    IO.puts("Not enough data yet: #{length(state.price_history)}")
  else
    # Your strategy logic
  end
  {:ok, state}
end


Problem: Strategy crashes during execution
Error:
** (FunctionClauseError) no function clause matching in MyStrategy.next/1
Solutions:
	Always return proper tuple from next/1:
def next(state) do
  # Your logic here
  {:ok, state}  # Always return this format
end

	Handle all possible states:
def next(state) do
  case calculate_signal(state) do
    {:ok, :buy} -> buy()
    {:ok, :sell} -> sell()
    {:error, _reason} -> :ok  # Handle errors gracefully
  end

  {:ok, state}
end

	Use pattern matching safely:
def next(state) do
  case Map.get(state, :price_history, []) do
    [] -> :ok  # No history yet
    prices when length(prices) >= 10 ->
      # Your logic
    _ -> :ok  # Not enough data
  end

  {:ok, state}
end


Problem: Indicators return nil or unexpected values
Cause: Insufficient data for indicator calculation.
Solutions:
	Check data length requirements:
def next(state) do
  price_history = [data().close | state.price_history]

  if length(price_history) >= 20 do  # Ensure enough data
    sma = indicator(:sma, price_history, 20)
    current_sma = List.first(sma)

    if current_sma do  # Check for nil
      # Use indicator value
    end
  end

  {:ok, %{state | price_history: price_history}}
end

	Handle edge cases:
def safe_indicator(type, data, params) do
  case indicator(type, data, params) do
    [nil | _] -> nil
    [value | _] when is_number(value) -> value
    _ -> nil
  end
end


Performance Problems
Problem: Backtests are very slow
Solutions:
	Limit price history:
def next(state) do
  max_history = 100  # Only keep what you need
  price_history =
    [data().close | state.price_history]
    |> Enum.take(max_history)

  {:ok, %{state | price_history: price_history}}
end

	Use streaming for large datasets:
{:ok, result} = ExPostFacto.backtest_stream(
  "large_file.csv",
  strategy,
  chunk_size: 1000
)

	Optimize indicator calculations:
# Bad: Recalculate every time
def next(state) do
  sma = indicator(:sma, state.price_history, 20)
  # ...
end

# Good: Cache calculations
def next(state) do
  state = maybe_update_sma(state)
  # Use cached state.sma_value
end


Problem: Optimization takes too long
Solutions:
	Reduce parameter ranges:
# Instead of large ranges
[fast: 5..50, slow: 20..200]

# Use smaller, focused ranges
[fast: 8..12, slow: 18..22]

	Use random search for large spaces:
{:ok, result} = ExPostFacto.optimize(
  data, strategy,
  param_ranges,
  method: :random_search,
  samples: 100
)

	Set reasonable limits:
{:ok, result} = ExPostFacto.optimize(
  data, strategy,
  param_ranges,
  max_combinations: 500
)


Validation Errors
Problem: Enhanced validation errors
Error:
{:error, %ExPostFacto.Validation.ValidationError{
  message: "Strategy validation failed",
  context: %{...}
}}
Solutions:
	Format errors for readability:
case ExPostFacto.backtest(data, strategy, enhanced_validation: true) do
  {:ok, result} -> result
  {:error, %ExPostFacto.Validation.ValidationError{} = error} ->
    IO.puts(ExPostFacto.Validation.format_error(error))
    :error
end

	Use debug mode:
{:ok, result} = ExPostFacto.backtest(
  data, strategy,
  enhanced_validation: true,
  debug: true
)


Common Error Messages
"Module not found" or "Function not exported"
Error:
** (UndefinedFunctionError) function MyStrategy.init/1 is undefined
Solution:
Ensure your strategy module implements the required callbacks:
defmodule MyStrategy do
  use ExPostFacto.Strategy

  def init(opts) do
    {:ok, %{}}
  end

  def next(state) do
    {:ok, state}
  end
end
"Invalid strategy format"
Cause: Incorrect strategy specification.
Solutions:
# Correct formats:
{MyStrategy, :call, []}           # MFA tuple
{MyStrategy, [param: value]}      # Strategy behaviour

# Incorrect:
MyStrategy                        # Just module name
{MyStrategy}                      # Incomplete tuple
"Position function not available"
Error:
** (UndefinedFunctionError) function :position not found
Solution:
Use position() inside Strategy behaviour context:
defmodule MyStrategy do
  use ExPostFacto.Strategy

  def next(state) do
    current_pos = position()  # This works here
    # ...
  end
end

# Not in MFA functions:
defmodule MyMFAStrategy do
  def call(data, result) do
    # position() not available here
    # Use result.current_position instead
  end
end
Debugging Tips
Enable Enhanced Logging
# Full debugging
{:ok, result} = ExPostFacto.backtest(
  data, strategy,
  enhanced_validation: true,
  debug: true,
  warnings: true
)
Add Temporary Logging
def next(state) do
  IO.inspect(data(), label: "Current data")
  IO.inspect(position(), label: "Current position")
  IO.inspect(equity(), label: "Current equity")

  # Your strategy logic
  {:ok, state}
end
Test with Minimal Data
# Create simple test data
test_data = [
  %{open: 100, high: 105, low: 98, close: 102},
  %{open: 102, high: 108, low: 101, close: 106},
  %{open: 106, high: 110, low: 104, close: 108}
]

{:ok, result} = ExPostFacto.backtest(test_data, strategy)
Validate Strategy Logic Separately
# Test your strategy logic outside of backtesting
defmodule StrategyTester do
  def test_logic do
    state = %{threshold: 100}
    data = %{close: 105}

    # Mock the data() function
    result = if data.close > state.threshold, do: :buy, else: :sell
    IO.puts("Signal: #{result}")
  end
end
Use IEx for Interactive Testing
# In IEx
iex> data = [%{open: 100, high: 105, low: 98, close: 102}]
iex> {:ok, result} = ExPostFacto.backtest(data, {MyStrategy, []})
iex> IO.inspect(result.result)
Profile Performance
# Time your backtests
{time, {:ok, result}} = :timer.tc(fn ->
  ExPostFacto.backtest(data, strategy)
end)

IO.puts("Backtest took #{time / 1000} ms")
Check Memory Usage
# Monitor memory during development
before = :erlang.memory(:total)
{:ok, result} = ExPostFacto.backtest(data, strategy)
after_mem = :erlang.memory(:total)

IO.puts("Memory used: #{(after_mem - before) / 1024 / 1024} MB")
Getting Help
If you're still having issues:
	Check the logs - Look for warning messages that might indicate problems
	Review examples - Compare your code with working examples in lib/ex_post_facto/example_strategies/
	Read the docs - Check the API reference and guides in the docs/ directory
	Create minimal reproduction - Simplify your strategy to isolate the issue
	Open an issue - If you've found a bug, please report it on GitHub

Common Gotchas
	Strategy state must be immutable - Always return updated state from next/1
	Indicator data order - Most recent data should be first in the list
	Position management - buy() enters long, close_buy() exits long
	Data requirements - Some indicators need minimum data points to work
	Memory management - Limit historical data to what you actually need

Remember: When in doubt, enable debug mode and add logging to understand what's happening in your strategy!
Performance Checklist
	[ ] Limit price history to reasonable size (< 200 points usually sufficient)
	[ ] Cache expensive calculations when possible
	[ ] Use appropriate optimization methods for your parameter space
	[ ] Consider streaming for very large datasets
	[ ] Profile memory usage for long-running strategies
	[ ] Use concurrent optimization when testing many parameters

Happy debugging! 🐛➡️✨


  

    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.
[Unreleased]
Added


  

    Contributing to ExPostFacto

Thank you for your interest in contributing to ExPostFacto! This document provides guidelines and information for contributing to this Elixir backtesting library.
🚀 Getting Started
Prerequisites
	Elixir 1.12 or later
	Erlang/OTP 24 or later
	Git

Setting Up Your Development Environment
	Fork and clone the repository:
git clone https://github.com/your-username/ex_post_facto.git
cd ex_post_facto


	Install dependencies:
mix deps.get


	Run the test suite to ensure everything works:
mix test


	Check code formatting:
mix format --check-formatted



📋 Development Guidelines
Code Formatting and Standards
Always run mix format after making any code changes. This ensures consistent formatting across the codebase using the standard Elixir formatter configuration defined in .formatter.exs.
Follow these Elixir best practices:
	Documentation: Include proper @moduledoc and @doc attributes for all public modules and functions
	Type Specifications: Use @spec type annotations for all public functions
	Naming Conventions: Follow Elixir conventions (snake_case for functions/variables, PascalCase for modules)
	Pattern Matching: Prefer pattern matching over conditional statements when possible
	Error Handling: Use {:ok, result} and {:error, reason} tuples consistently
	Function Design: Keep functions small and focused on a single responsibility
	Data Flow: Use |> pipe operator for data transformations
	Complex Operations: Use with statements for complex nested operations
	Exception Functions: Use ! suffix for functions that raise exceptions (e.g., backtest!)

Code Quality Requirements
	No Compiler Warnings: Fix all compiler warnings when possible
	Test Coverage: Add comprehensive tests for new functionality
	Documentation: Include examples in documentation
	Type Safety: Add type specs for all public functions
	Performance: Consider performance implications for large datasets
	Backward Compatibility: Maintain backward compatibility when modifying public APIs

🏗️ Project Architecture
ExPostFacto is a backtesting library for trading strategies with the following core architecture:
Core Modules
	ExPostFacto: Main entry point with backtest/3 and backtest!/3 functions
	ExPostFacto.Result: Manages backtesting results and statistics compilation
	ExPostFacto.DataPoint: Represents individual price data points with actions
	ExPostFacto.InputData: Handles data munging and preprocessing
	ExPostFacto.Output: Contains the final output structure

Trading Strategy Framework
	Supports pluggable strategies through module-function-arguments tuples {Module, :function, args}
	Example strategies in ExPostFacto.ExampleStrategies
	Strategy behaviour pattern for advanced state management

Trade Statistics Engine
The ExPostFacto.TradeStats namespace contains performance metrics calculations:
	CompilePairs: Groups buy/sell actions into trade pairs
	DrawDown: Calculates drawdown metrics
	TotalProfitAndLoss: Computes P&L
	WinRate: Computes win statistics
	And more...

🧪 Testing Guidelines
Running Tests
# Run all tests
mix test

# Run specific test file
mix test test/ex_post_facto_test.exs

# Run tests with coverage
mix test --cover

Test Organization
Tests are organized to mirror the lib structure:
	Unit tests for individual modules
	Integration tests for end-to-end scenarios
	Test helpers for generating mock data (CandleDataHelper)

Writing Good Tests
	Descriptive test names that explain what is being tested
	Arrange-Act-Assert pattern for test structure
	Mock data helpers for consistent test data
	Edge case testing (empty data, nil values, boundary conditions)
	Property-based testing where appropriate
	Integration tests with real market data when possible

🔧 Types of Contributions
🐛 Bug Reports
When reporting bugs, please include:
	Elixir and Erlang versions
	Minimal reproduction example
	Expected vs actual behavior
	Stack trace (if applicable)
	Data samples that cause the issue (anonymized if needed)

✨ Feature Requests
For new features, please:
	Check existing issues to avoid duplicates
	Describe the use case and problem being solved
	Propose the API or interface design
	Consider backward compatibility
	Discuss performance implications

📝 Documentation Improvements
Documentation contributions are highly valued:
	API documentation improvements
	Tutorial and guide enhancements
	Example strategies and use cases
	Performance tips and best practices
	Migration guides for breaking changes

🚀 Code Contributions
Strategy Examples
New example strategies should:
	Demonstrate specific trading concepts
	Include comprehensive documentation
	Have corresponding tests
	Follow the established patterns

Example structure:
defmodule ExPostFacto.ExampleStrategies.MyStrategy do
  @moduledoc """
  A strategy that demonstrates [specific concept].

  ## Example

      {:ok, result} = ExPostFacto.backtest(
        data,
        {ExPostFacto.ExampleStrategies.MyStrategy, [param: value]}
      )
  """

  @doc """
  Strategy implementation with proper documentation.
  """
  @spec call(map(), ExPostFacto.Result.t(), keyword()) :: ExPostFacto.action()
  def call(data, result, opts \\ []) do
    # Implementation
  end
end
Technical Indicators
New indicators should:
	Follow the existing indicator API patterns
	Include mathematical documentation
	Have comprehensive test coverage
	Handle edge cases (insufficient data, etc.)

Performance Improvements
	Profile before optimizing to identify actual bottlenecks
	Benchmark changes to measure improvement
	Consider memory usage alongside execution time
	Maintain accuracy while improving performance

🔄 Development Workflow
1. Create a Feature Branch
git checkout -b feature/my-new-feature
# or
git checkout -b fix/bug-description

2. Make Your Changes
	Write code following the guidelines above
	Add or update tests
	Update documentation
	Run mix format to format code
	Ensure tests pass with mix test

3. Commit Your Changes
Use descriptive commit messages:
git add .
git commit -m "Add RSI divergence detection strategy

- Implement bullish and bearish divergence detection
- Add comprehensive tests with edge cases
- Include usage examples in documentation"

4. Push and Create Pull Request
git push origin feature/my-new-feature

Then create a pull request with:
	Clear description of changes
	Link to related issues
	Testing instructions
	Breaking changes (if any)

📋 Pull Request Checklist
Before submitting a pull request, ensure:
	[ ] Tests pass: mix test runs without failures
	[ ] Code formatted: mix format has been run
	[ ] No warnings: Code compiles without warnings
	[ ] Documentation updated: For new features or API changes
	[ ] Tests added: For new functionality
	[ ] Backward compatibility: Maintained for public APIs
	[ ] Performance considered: For changes affecting large datasets
	[ ] Examples provided: For new strategies or features

🎯 Areas Needing Contribution
Based on TODOs and planned enhancements:
	Concurrent Statistics: Make trade statistics calculations concurrent
	Additional Metrics: More comprehensive backtesting metrics
	Strategy Framework: Expand strategy capabilities
	Performance Optimization: Memory and speed improvements
	Data Sources: Additional data input formats
	Visualization: Enhanced charting and reporting
	Risk Management: Position sizing and risk controls

🤝 Community Guidelines
	Be respectful and inclusive in all interactions
	Help others learn and contribute
	Ask questions when you need clarification
	Share knowledge through documentation and examples
	Follow the code of conduct (be kind and professional)

📞 Getting Help
	GitHub Issues: For bugs and feature requests
	Discussions: For questions and general discussion
	Documentation: Check existing docs first
	Code Examples: Look at existing strategies and tests

🏷️ Release Process
For maintainers:
	Update CHANGELOG.md with new features and fixes
	Bump version in mix.exs
	Run full test suite including integration tests
	Update documentation if needed
	Create git tag and push
	Publish to Hex with mix hex.publish


Thank you for contributing to ExPostFacto! Your contributions help make algorithmic trading more accessible to the Elixir community. 🚀
⚡ Quick Reference
# Essential commands
mix deps.get          # Install dependencies
mix test              # Run tests
mix format            # Format code
mix docs              # Generate documentation

Remember: Always run mix format before committing!
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A comprehensive backtesting library for trading strategies written in Elixir.
ExPostFacto provides professional-grade backtesting capabilities with an intuitive API,
built-in data validation, technical indicators, and performance optimization. Whether you're
testing simple moving average strategies or complex multi-indicator systems, ExPostFacto
makes it easy to validate your trading ideas with historical data.
Quick Start
# Sample market data
market_data = [
  %{open: 100.0, high: 105.0, low: 98.0, close: 102.0, timestamp: "2023-01-01"},
  %{open: 102.0, high: 108.0, low: 101.0, close: 106.0, timestamp: "2023-01-02"}
]

# Run a simple backtest
{:ok, result} = ExPostFacto.backtest(
  market_data,
  {MyStrategy, :call, []},
  starting_balance: 10_000.0
)

# Access results
IO.puts("Total P&L: $#{result.result.total_profit_and_loss}")
IO.puts("Win Rate: #{result.result.win_rate}%")
Key Features
	Multiple Data Formats: CSV files, JSON, lists of maps
	Data Validation & Cleaning: Automatic OHLCV validation and data cleaning
	Strategy Framework: Simple MFA functions or advanced Strategy behaviours
	Technical Indicators: 20+ built-in indicators (SMA, RSI, MACD, etc.)
	Parameter Optimization: Grid search, random search, walk-forward analysis
	Comprehensive Analytics: 30+ performance metrics and risk analysis
	Streaming Support: Memory-efficient processing for large datasets
	Concurrent Processing: Leverage multi-core systems for optimization

Strategy Development
ExPostFacto supports two approaches to strategy development:
Simple MFA Functions
defmodule MySimpleStrategy do
  def call(data, _result) do
    if data.close > 100.0, do: :buy, else: :sell
  end
end
Advanced Strategy Behaviours
defmodule MyAdvancedStrategy do
  use ExPostFacto.Strategy

  def init(opts) do
    {:ok, %{threshold: Keyword.get(opts, :threshold, 100.0)}}
  end

  def next(state) do
    if data().close > state.threshold do
      buy()
    else
      sell()
    end
    {:ok, state}
  end
end
Data Handling
ExPostFacto automatically handles various data formats:
# CSV files
{:ok, result} = ExPostFacto.backtest("market_data.csv", strategy)

# Lists of maps
{:ok, result} = ExPostFacto.backtest(market_data_list, strategy)

# JSON strings  
{:ok, result} = ExPostFacto.backtest(json_string, strategy)
Parameter Optimization
# Find optimal parameters
{:ok, result} = ExPostFacto.optimize(
  market_data,
  MyStrategy,
  [param1: 5..15, param2: 20..30],
  maximize: :sharpe_ratio
)
Main Functions
	backtest/3 - Run a backtest with given data and strategy
	backtest!/3 - Same as backtest/3 but raises on error
	optimize/4 - Find optimal strategy parameters
	backtest_stream/3 - Memory-efficient backtesting for large datasets
	validate_data/1 - Validate OHLCV data structure
	clean_data/1 - Clean and preprocess market data

For detailed guides and examples, see the documentation in the docs/ directory.
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          @type strategy() :: module_function_arguments() | strategy_module()
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          @spec backtest(
  data :: [ExPostFacto.DataPoint.t()] | String.t(),
  strategy :: strategy(),
  options :: keyword()
) :: {:ok, ExPostFacto.Output.t()} | {:error, String.t()}


      


The other main entry point of the library. This function takes in a list of
HLOC data and a strategy that will be used to generate buy and sell signals.
The strategy can be either:
	A traditional MFA tuple: {Module, :function, args}
	A Strategy behaviour module: {Module, opts} where Module implements ExPostFacto.Strategy

Options may also be passed in for configuration.
The function returns an ok or error tuple. In an ok tuple, the data, and a
results struct are returned. In an error tuple, a string is returned with the
error message.
Supports multiple input formats:
	List of maps (existing functionality)
	CSV file path as string
	JSON string or parsed data

Examples
iex> ExPostFacto.backtest(nil, {Foo, :bar, []})
{:error, "data cannot be nil"}

iex> ExPostFacto.backtest([], {Foo, :bar, []})
{:error, "data cannot be empty"}

iex> ExPostFacto.backtest([%{o: 1.0, h: 2.0, l: 0.5, c: 1.0}], nil)
{:error, "strategy cannot be nil"}

# Using traditional MFA tuple
iex> data = [%{o: 1.0, h: 2.0, l: 0.5, c: 1.0}]
iex> result = ExPostFacto.backtest(data, {ExPostFacto.ExampleStrategies.Noop, :noop, []})
iex> match?({:ok, %ExPostFacto.Output{}}, result)
true

# CSV file input
iex> ExPostFacto.backtest("nonexistent/path.csv", {MyStrategy, :call, []})
{:error, "failed to load data: failed to read file: enoent"}

# This would be used with Strategy behaviour modules
# iex> ExPostFacto.backtest(data, {MyStrategy, [param: 10]})
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          @spec backtest!(
  data :: [ExPostFacto.DataPoint.t()] | String.t(),
  strategy :: strategy(),
  options :: keyword()
) :: ExPostFacto.Output.t() | no_return()


      


The main entry point of the library. This function takes in a list of HLOC
data and a strategy that will be used to generate buy and sell signals.
The strategy can be either:
	A traditional MFA tuple: {Module, :function, args}
	A Strategy behaviour module: {Module, opts} where Module implements ExPostFacto.Strategy

Options may also be passed in for configuration.
The function returns output struct or raises an error
Supports multiple input formats:
	List of maps (existing functionality)
	CSV file path as string
	JSON string or parsed data

Examples
iex> ExPostFacto.backtest!(nil, {Foo, :bar, []})
** (ExPostFacto.BacktestError) data cannot be nil

iex> ExPostFacto.backtest!([], {Foo, :bar, []})
** (ExPostFacto.BacktestError) data cannot be empty

iex> ExPostFacto.backtest!([%{o: 1.0, h: 2.0, l: 0.5, c: 1.0}], nil)
** (ExPostFacto.BacktestError) strategy cannot be nil

# Using traditional MFA tuple
iex> data = [%{o: 1.0, h: 2.0, l: 0.5, c: 1.0}]
iex> output = ExPostFacto.backtest!(data, {ExPostFacto.ExampleStrategies.Noop, :noop, []})
iex> match?(%ExPostFacto.Output{}, output)
true

# CSV file input
iex> ExPostFacto.backtest!("nonexistent/path.csv", {MyStrategy, :call, []})
** (ExPostFacto.BacktestError) failed to load data: failed to read file: enoent

# This would be used with Strategy behaviour modules
# iex> ExPostFacto.backtest!(data, {MyStrategy, [param: 10]})
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          @spec backtest_stream(
  data_source :: String.t() | Enumerable.t(),
  strategy :: strategy(),
  options :: keyword()
) :: {:ok, ExPostFacto.Output.t()} | {:error, String.t()}


      


Streaming backtest for large datasets.
Provides memory-efficient backtesting for very large datasets that may not fit
comfortably in memory. Uses chunked processing and streaming to manage memory usage.
Parameters
	data_source - File path, stream, or large dataset
	strategy - Trading strategy to apply
	options - Options for streaming and backtesting

Options
	:chunk_size - Number of data points per chunk (default: 1000)
	:window_size - Rolling window size for strategy context (default: 100)
	:overlap - Overlap between chunks for continuity (default: 10)
	:memory_limit_mb - Memory limit in MB (default: 100)

Example
# Stream process a large CSV file
{:ok, output} = ExPostFacto.backtest_stream(
  "very_large_dataset.csv",
  {MyStrategy, []},
  chunk_size: 2000,
  memory_limit_mb: 200
)
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          @spec backtest_with_enhanced_validation([map()], strategy(), keyword()) ::
  {:ok, ExPostFacto.Output.t()}
  | {:error,
     String.t()
     | ExPostFacto.Validation.ValidationError.t()
     | ExPostFacto.Validation.StrategyError.t()}


      


Enhanced backtest with comprehensive validation and error handling.
This version provides detailed error messages, warnings, and debugging support
to improve the developer experience and catch issues early.
Options
	:enhanced_validation - Enable enhanced validation (default: false for backward compatibility)
	:debug - Enable debug mode for detailed logging
	:strict - Enable strict validation mode
	:warnings - Show runtime warnings (default: true)

Examples
# Enable enhanced validation
{:ok, output} = ExPostFacto.backtest(data, strategy, enhanced_validation: true)

# Enable debug mode
{:ok, output} = ExPostFacto.backtest(data, strategy, enhanced_validation: true, debug: true)

# Handle detailed errors
case ExPostFacto.backtest(invalid_data, strategy, enhanced_validation: true) do
  {:ok, output} -> output
  {:error, %ExPostFacto.Validation.ValidationError{} = error} ->
    IO.puts(ExPostFacto.Validation.format_error(error))
    :error
  {:error, error_message} ->
    IO.puts("Error: " <> error_message)
    :error
end
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          @spec clean_data(data :: [map()]) :: {:ok, [map()]} | {:error, String.t()}


      


Cleans and preprocesses OHLCV data.
Removes invalid data points, sorts by timestamp, and handles missing values.
Examples
iex> dirty_data = [
...>   %{open: 1.0, high: 2.0, low: 0.5, close: 1.5, timestamp: "2023-01-02"},
...>   %{open: nil, high: 1.8, low: 0.8, close: 1.2, timestamp: "2023-01-01"},
...>   %{open: 1.2, high: 1.9, low: 0.9, close: 1.4, timestamp: "2023-01-03"}
...> ]
iex> {:ok, cleaned} = ExPostFacto.clean_data(dirty_data)
iex> length(cleaned)
2
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          @spec heatmap(map(), atom(), atom()) :: {:ok, map()} | {:error, String.t()}


      


Generate a parameter heatmap from optimization results.
Creates a 2D visualization data structure for analyzing the parameter space
of optimization results. Particularly useful for understanding the relationship
between two parameters and their impact on strategy performance.
Parameters
	optimization_result - Result from optimize/4 with :grid_search or :random_search
	x_param - Parameter name for X-axis
	y_param - Parameter name for Y-axis

Example
# First run optimization
{:ok, results} = ExPostFacto.optimize(
  data, MyStrategy,
  [fast: 5..15, slow: 20..40],
  method: :grid_search
)

# Generate heatmap
{:ok, heatmap} = ExPostFacto.heatmap(results, :fast, :slow)

# Use heatmap data for visualization
IO.inspect(heatmap.x_values)  # [5, 6, 7, ...]
IO.inspect(heatmap.y_values)  # [20, 21, 22, ...]
IO.inspect(heatmap.scores)    # [[0.1, 0.2, ...], [0.3, 0.4, ...]]
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          @spec indicators() :: module()


      


Provides access to technical indicators.
This function delegates to ExPostFacto.Indicators module for calculating
technical indicators used in trading strategies.
Examples
iex> prices = [10, 11, 12, 13, 14, 15]
iex> ExPostFacto.indicators().sma(prices, 3)
[nil, nil, 11.0, 12.0, 13.0, 14.0]

iex> ExPostFacto.indicators().crossover?([12, 11, 10], [10, 10, 10])
false
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          @spec load_data_from_source(String.t()) :: {:ok, [map()]} | {:error, String.t()}


      


Loads data from various sources (CSV files, JSON, etc.).
Examples
iex> ExPostFacto.load_data_from_source("test/fixtures/sample.csv")
{:ok, [
  %{open: 100.0, high: 105.0, low: 98.0, close: 102.0, volume: 1000000.0, timestamp: "2023-01-01"},
  %{open: 102.0, high: 108.0, low: 101.0, close: 106.0, volume: 1200000.0, timestamp: "2023-01-02"},
  %{open: 106.0, high: 110.0, low: 104.0, close: 108.0, volume: 900000.0, timestamp: "2023-01-03"}
]}
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          @spec optimize(
  data :: [map()],
  strategy_module :: atom(),
  param_ranges :: [{atom(), Range.t() | [any()]}],
  opts :: keyword()
) :: {:ok, map()} | {:error, String.t()}


      


Optimize strategy parameters using the specified optimization method.
Finds optimal strategy parameters by running multiple backtests with different
parameter combinations and evaluating them based on the target metric.
Parameters
	data - Market data for backtesting
	strategy_module - Strategy module to optimize (must implement ExPostFacto.Strategy)
	param_ranges - Keyword list of parameter names to ranges
	opts - Options including optimization method and target metric

Options
	:method - Optimization method (:grid_search or :random_search) (default: :grid_search)
	:maximize - Metric to optimize (default: :sharpe_ratio)
	:starting_balance - Starting balance for backtests (default: 10_000.0)
	:max_combinations - Maximum parameter combinations for grid search (default: 1000)
	:samples - Number of samples for random search (default: 100)

Supported Metrics
	:sharpe_ratio - Sharpe ratio (risk-adjusted return)
	:total_return_pct - Total percentage return
	:cagr_pct - Compound Annual Growth Rate
	:profit_factor - Gross profit / gross loss
	:sqn - System Quality Number
	:win_rate - Percentage of winning trades
	:max_draw_down_percentage - Maximum drawdown (minimized)

Examples
# Grid search optimization
{:ok, results} = ExPostFacto.optimize(
  market_data,
  MyStrategy,
  [fast: 5..20, slow: 20..50],
  maximize: :sharpe_ratio
)

# Random search with more samples
{:ok, results} = ExPostFacto.optimize(
  market_data,
  MyStrategy,
  [fast: 5..20, slow: 20..50],
  method: :random_search,
  samples: 200,
  maximize: :total_return_pct
)

# Access optimization results
IO.puts("Best parameters: #{inspect(result.best_params)}")
IO.puts("Best score: #{result.best_score}")

  



  
    
      
    
    
      validate_data(data)



        
          
        

    

  


  

      

          @spec validate_data(data :: [map()] | map()) :: :ok | {:error, String.t()}


      


Validates OHLCV data structure and values.
Returns :ok if data is valid, or {:error, reason} if invalid.
Examples
iex> ExPostFacto.validate_data([%{open: 1.0, high: 2.0, low: 0.5, close: 1.5}])
:ok

iex> ExPostFacto.validate_data([%{high: 1.0, low: 2.0, open: 1.5, close: 1.5}])
{:error, "data point 0: invalid OHLC data: high (1.0) must be >= low (2.0)"}

iex> ExPostFacto.validate_data([])
{:error, "data cannot be empty"}

  


        

      


  

    
ExPostFacto.DataPoint 
    



      
DataPoint is a wrapper around data that represents an action taken, e.g. a buy or a sell.

      


      
        Summary


  
    Functions
  


    
      
        new(datum, action, index)

      


        Creates a new data point struct.



    





      


      
        Functions

        


  
    
      
    
    
      new(datum, action, index)



        
          
        

    

  


  

      

          @spec new(datum :: ExPostFacto.InputData.t(), action :: atom(), index :: integer()) ::
  %ExPostFacto.DataPoint{action: term(), datum: term(), index: term()}


      


Creates a new data point struct.

  


        

      


  

    
ExPostFacto.ExampleStrategies.AdvancedMacdStrategy 
    



      
Advanced strategy demonstrating the indicator framework capabilities.
This strategy uses multiple indicators:
	MACD for trend direction and momentum
	RSI for overbought/oversold conditions
	Bollinger Bands for volatility and mean reversion
	SMA for additional trend confirmation

Trading Rules
Buy Signals:
	MACD line crosses above signal line (bullish momentum)
	RSI is below 70 (not overbought)
	Price is near or below lower Bollinger Band (oversold)

Sell Signals:
	MACD line crosses below signal line (bearish momentum)
	RSI is above 30 (not oversold)
	Price is near or above upper Bollinger Band (overbought)

This demonstrates advanced indicator usage, chaining, and composition.

      


      
        Summary


  
    Functions
  


    
      
        init(opts)

      


        Initialize the strategy with indicator parameters.



    


    
      
        next(state)

      


        Process each data point using multiple indicators for trading decisions.



    





      


      
        Functions

        


  
    
      
    
    
      init(opts)



        
          
        

    

  


  

Initialize the strategy with indicator parameters.
Options:
	:macd_fast - MACD fast period (default: 12)
	:macd_slow - MACD slow period (default: 26)  
	:macd_signal - MACD signal period (default: 9)
	:rsi_period - RSI period (default: 14)
	:bb_period - Bollinger Bands period (default: 20)
	:bb_std_dev - Bollinger Bands standard deviation (default: 2.0)
	:sma_period - SMA period for trend confirmation (default: 50)


  



  
    
      
    
    
      next(state)



        
          
        

    

  


  

Process each data point using multiple indicators for trading decisions.

  


        

      


  

    
ExPostFacto.ExampleStrategies.BollingerBandStrategy 
    



      
Bollinger Band mean reversion strategy.
This strategy uses Bollinger Bands to identify overbought and oversold conditions:
	Buy when price touches the lower band (oversold)
	Sell when price touches the upper band (overbought)
	Close positions when price returns to the middle band

Parameters
	:period - Period for moving average and bands calculation (default: 20)
	:std_dev - Number of standard deviations for bands (default: 2.0)
	:min_history - Minimum price history required (default: 25)

Example
# Run with default parameters
{:ok, result} = ExPostFacto.backtest(
  market_data,
  {ExPostFacto.ExampleStrategies.BollingerBandStrategy, []}
)

# Run with custom parameters
{:ok, result} = ExPostFacto.backtest(
  market_data,
  {ExPostFacto.ExampleStrategies.BollingerBandStrategy, [
    period: 15,
    std_dev: 2.5
  ]}
)

      


      
        Summary


  
    Functions
  


    
      
        init(opts)

      


        Callback implementation for ExPostFacto.Strategy.init/1.



    


    
      
        next(state)

      


        Callback implementation for ExPostFacto.Strategy.next/1.



    





      


      
        Functions

        


  
    
      
    
    
      init(opts)



        
          
        

    

  


  

Callback implementation for ExPostFacto.Strategy.init/1.

  



  
    
      
    
    
      next(state)



        
          
        

    

  


  

Callback implementation for ExPostFacto.Strategy.next/1.

  


        

      


  

    
ExPostFacto.ExampleStrategies.BreakoutStrategy 
    



      
Price breakout strategy based on support and resistance levels.
This strategy identifies breakouts from trading ranges:
	Buy when price breaks above recent high (resistance)
	Sell when price breaks below recent low (support)
	Uses volume confirmation when available
	Includes trailing stop loss functionality

Parameters
	:lookback_period - Period for identifying highs/lows (default: 20)
	:breakout_threshold - Percentage above/below high/low for breakout (default: 0.02 = 2%)
	:volume_confirmation - Require volume confirmation for breakouts (default: false)
	:volume_multiplier - Volume must be X times average (default: 1.5)
	:trailing_stop_pct - Trailing stop loss percentage (default: 0.03 = 3%)

Example
{:ok, result} = ExPostFacto.backtest(
  market_data,
  {ExPostFacto.ExampleStrategies.BreakoutStrategy, [
    lookback_period: 15,
    breakout_threshold: 0.025,
    volume_confirmation: true
  ]}
)

      


      
        Summary


  
    Functions
  


    
      
        init(opts)

      


        Callback implementation for ExPostFacto.Strategy.init/1.



    


    
      
        next(state)

      


        Callback implementation for ExPostFacto.Strategy.next/1.



    





      


      
        Functions

        


  
    
      
    
    
      init(opts)



        
          
        

    

  


  

Callback implementation for ExPostFacto.Strategy.init/1.

  



  
    
      
    
    
      next(state)



        
          
        

    

  


  

Callback implementation for ExPostFacto.Strategy.next/1.

  


        

      


  

    
ExPostFacto.ExampleStrategies.MultiIndicatorStrategy 
    



      
Advanced multi-indicator strategy combining multiple signals.
This strategy demonstrates how to combine multiple technical indicators for
more robust trading decisions:
	RSI for momentum (oversold/overbought conditions)
	MACD for trend direction (crossovers)
	Bollinger Bands for volatility-based entries
	SMA for overall trend filter

Signal Logic:
	Buy when: RSI < oversold AND MACD bullish crossover AND price near lower BB AND above long-term SMA
	Sell when: RSI > overbought AND MACD bearish crossover AND price near upper BB AND below long-term SMA
	Use stop-loss and take-profit for risk management

Parameters
	:rsi_period - RSI calculation period (default: 14)
	:rsi_oversold - RSI oversold threshold (default: 30)
	:rsi_overbought - RSI overbought threshold (default: 70)
	:macd_fast - MACD fast EMA period (default: 12)
	:macd_slow - MACD slow EMA period (default: 26)
	:macd_signal - MACD signal line period (default: 9)
	:bb_period - Bollinger Bands period (default: 20)
	:bb_std_dev - Bollinger Bands standard deviations (default: 2.0)
	:sma_trend_period - Long-term SMA for trend filter (default: 50)
	:stop_loss_pct - Stop loss percentage (default: 0.03)
	:take_profit_pct - Take profit percentage (default: 0.06)

Example
{:ok, result} = ExPostFacto.backtest(
  market_data,
  {ExPostFacto.ExampleStrategies.MultiIndicatorStrategy, [
    rsi_period: 14,
    rsi_oversold: 25,
    rsi_overbought: 75,
    stop_loss_pct: 0.02
  ]}
)

      


      
        Summary


  
    Functions
  


    
      
        init(opts)

      


        Callback implementation for ExPostFacto.Strategy.init/1.



    


    
      
        next(state)

      


        Callback implementation for ExPostFacto.Strategy.next/1.



    





      


      
        Functions

        


  
    
      
    
    
      init(opts)



        
          
        

    

  


  

Callback implementation for ExPostFacto.Strategy.init/1.

  



  
    
      
    
    
      next(state)



        
          
        

    

  


  

Callback implementation for ExPostFacto.Strategy.next/1.

  


        

      


  

    
ExPostFacto.ExampleStrategies.PortfolioRebalancingStrategy 
    



      
Portfolio rebalancing strategy for multiple assets.
This strategy demonstrates portfolio management concepts by rebalancing
between different assets based on their relative performance and target allocations.
While ExPostFacto primarily handles single-asset backtesting, this example shows
how to simulate portfolio concepts within the framework.
Concept
The strategy simulates a portfolio by:
	Treating the main asset as a proxy for portfolio performance
	Using momentum and mean reversion signals to simulate rebalancing decisions
	Implementing position sizing based on volatility and correlation proxies

Strategy Logic
	Calculate rolling volatility and momentum for risk adjustment
	Use RSI and moving averages to simulate multi-asset momentum
	Implement volatility-based position sizing
	Rebalance positions based on performance divergence

Parameters
	:volatility_period - Period for volatility calculation (default: 20)
	:momentum_period - Period for momentum calculation (default: 12)
	:rebalance_threshold - Threshold for triggering rebalancing (default: 0.05)
	:target_volatility - Target portfolio volatility (default: 0.15)
	:max_position_size - Maximum position size (default: 1.0)
	:min_position_size - Minimum position size (default: 0.2)

Example
# Basic portfolio rebalancing
{:ok, result} = ExPostFacto.backtest(
  market_data,
  {ExPostFacto.ExampleStrategies.PortfolioRebalancingStrategy, [
    volatility_period: 30,
    momentum_period: 10,
    target_volatility: 0.12
  ]}
)

      


      
        Summary


  
    Functions
  


    
      
        init(opts)

      


        Callback implementation for ExPostFacto.Strategy.init/1.



    


    
      
        next(state)

      


        Callback implementation for ExPostFacto.Strategy.next/1.



    





      


      
        Functions

        


  
    
      
    
    
      init(opts)



        
          
        

    

  


  

Callback implementation for ExPostFacto.Strategy.init/1.

  



  
    
      
    
    
      next(state)



        
          
        

    

  


  

Callback implementation for ExPostFacto.Strategy.next/1.

  


        

      


  

    
ExPostFacto.ExampleStrategies.RSIMeanReversionStrategy 
    



      
RSI-based mean reversion strategy.
This strategy uses the Relative Strength Index (RSI) to identify overbought and oversold conditions:
	Buy when RSI falls below oversold threshold (typically 30)
	Sell when RSI rises above overbought threshold (typically 70)
	Includes stop-loss and take-profit mechanisms

Parameters
	:rsi_period - Period for RSI calculation (default: 14)
	:oversold_threshold - RSI level considered oversold (default: 30)
	:overbought_threshold - RSI level considered overbought (default: 70)
	:stop_loss_pct - Stop loss as percentage of entry price (default: 0.05 = 5%)
	:take_profit_pct - Take profit as percentage of entry price (default: 0.10 = 10%)

Example
{:ok, result} = ExPostFacto.backtest(
  market_data,
  {ExPostFacto.ExampleStrategies.RSIMeanReversionStrategy, [
    rsi_period: 14,
    oversold_threshold: 25,
    overbought_threshold: 75
  ]}
)

      


      
        Summary


  
    Functions
  


    
      
        init(opts)

      


        Callback implementation for ExPostFacto.Strategy.init/1.



    


    
      
        next(state)

      


        Callback implementation for ExPostFacto.Strategy.next/1.



    





      


      
        Functions

        


  
    
      
    
    
      init(opts)



        
          
        

    

  


  

Callback implementation for ExPostFacto.Strategy.init/1.

  



  
    
      
    
    
      next(state)



        
          
        

    

  


  

Callback implementation for ExPostFacto.Strategy.next/1.

  


        

      


  

    
ExPostFacto.ExampleStrategies.SimpleBuyHold 
    



      
Simple buy and hold strategy using the enhanced Strategy behaviour.
This strategy simply buys on the first data point and holds the position.

      


      
        Summary


  
    Functions
  


    
      
        init(opts)

      


        Callback implementation for ExPostFacto.Strategy.init/1.



    


    
      
        next(state)

      


        Callback implementation for ExPostFacto.Strategy.next/1.



    





      


      
        Functions

        


  
    
      
    
    
      init(opts)



        
          
        

    

  


  

Callback implementation for ExPostFacto.Strategy.init/1.

  



  
    
      
    
    
      next(state)



        
          
        

    

  


  

Callback implementation for ExPostFacto.Strategy.next/1.

  


        

      


  

    
ExPostFacto.ExampleStrategies.SimpleIndicatorDemo 
    



      
Simple demonstration strategy showing the indicator framework usage.
This strategy demonstrates:
	Basic indicator calculations (SMA, EMA)
	Crossover detection
	Clean integration with the Strategy behaviour

Trading Rules
	Buy when fast EMA crosses above slow SMA
	Sell when fast EMA crosses below slow SMA


      


      
        Summary


  
    Functions
  


    
      
        init(opts)

      


        Callback implementation for ExPostFacto.Strategy.init/1.



    


    
      
        next(state)

      


        Callback implementation for ExPostFacto.Strategy.next/1.



    





      


      
        Functions

        


  
    
      
    
    
      init(opts)



        
          
        

    

  


  

Callback implementation for ExPostFacto.Strategy.init/1.

  



  
    
      
    
    
      next(state)



        
          
        

    

  


  

Callback implementation for ExPostFacto.Strategy.next/1.

  


        

      


  

    
ExPostFacto.ExampleStrategies.SmaStrategy 
    



      
Example strategy using the enhanced Strategy behaviour.
This strategy implements a simple moving average crossover system where:
	Buy when fast SMA crosses above slow SMA
	Sell when fast SMA crosses below slow SMA


      


      
        Summary


  
    Functions
  


    
      
        init(opts)

      


        Initialize the strategy with SMA periods.



    


    
      
        next(state)

      


        Process each data point and make trading decisions.



    





      


      
        Functions

        


  
    
      
    
    
      init(opts)



        
          
        

    

  


  

Initialize the strategy with SMA periods.
Options:
	:fast_period - Period for fast moving average (default: 10)
	:slow_period - Period for slow moving average (default: 20)


  



  
    
      
    
    
      next(state)



        
          
        

    

  


  

Process each data point and make trading decisions.

  


        

      


  

    
ExPostFacto.Indicators 
    



      
Technical indicators for trading strategy development.
This module provides a comprehensive set of technical indicators commonly used
in trading strategies. All indicators are designed to work efficiently with
streaming data and support composition and chaining.
Supported Indicators
	SMA - Simple Moving Average
	EMA - Exponential Moving Average
	RSI - Relative Strength Index
	MACD - Moving Average Convergence Divergence
	Bollinger Bands - Bollinger Bands with configurable standard deviations
	ATR - Average True Range

Example Usage
# Simple Moving Average
prices = [10, 11, 12, 13, 14, 15]
sma_values = ExPostFacto.Indicators.sma(prices, 3)

# Exponential Moving Average
ema_values = ExPostFacto.Indicators.ema(prices, 3)

# RSI
rsi_values = ExPostFacto.Indicators.rsi(prices, 14)

# Crossover detection
fast_ma = ExPostFacto.Indicators.sma(prices, 5)
slow_ma = ExPostFacto.Indicators.sma(prices, 10)
crossover = ExPostFacto.Indicators.crossover?(fast_ma, slow_ma)
Stream Support
All indicators work with Elixir streams for memory-efficient processing:
large_dataset
|> Stream.map(&(&1.close))
|> ExPostFacto.Indicators.sma(20)
|> Enum.to_list()

      


      
        Summary


  
    Functions
  


    
      
        atr(data, period \\ 14)

      


        Calculate Average True Range (ATR).



    


    
      
        bollinger_bands(data, period \\ 20, std_dev \\ 2)

      


        Calculate Bollinger Bands.



    


    
      
        crossover?(series1, series2)

      


        Check if the first series crosses above the second series.



    


    
      
        crossunder?(series1, series2)

      


        Check if the first series crosses below the second series.



    


    
      
        ema(data, period)

      


        Calculate Exponential Moving Average (EMA).



    


    
      
        macd(data, fast_period \\ 12, slow_period \\ 26, signal_period \\ 9)

      


        Calculate MACD (Moving Average Convergence Divergence).



    


    
      
        rsi(data, period \\ 14)

      


        Calculate Relative Strength Index (RSI).



    


    
      
        sma(data, period)

      


        Calculate Simple Moving Average (SMA).



    





      


      
        Functions

        


    

  
    
      
    
    
      atr(data, period \\ 14)



        
          
        

    

  


  

      

          @spec atr(Enumerable.t(), pos_integer()) :: [float() | nil]


      


Calculate Average True Range (ATR).
ATR measures volatility by decomposing the entire range of an asset price for that period.
Parameters
	data - List or Stream of OHLC data (maps with :high, :low, :close keys)
	period - Period for ATR calculation (default: 14)

Examples
iex> ohlc_data = [
...>   %{high: 48.70, low: 47.79, close: 48.16},
...>   %{high: 48.72, low: 48.14, close: 48.61},
...>   %{high: 48.90, low: 48.39, close: 48.75}
...> ]
iex> atr_values = ExPostFacto.Indicators.atr(ohlc_data, 2)
iex> is_list(atr_values)
true

  



    

    

  
    
      
    
    
      bollinger_bands(data, period \\ 20, std_dev \\ 2)



        
          
        

    

  


  

      

          @spec bollinger_bands(Enumerable.t(), pos_integer(), number()) ::
  {[float() | nil], [float() | nil], [float() | nil]}


      


Calculate Bollinger Bands.
Returns a tuple of {upper_band, middle_band, lower_band}.
Parameters
	data - List or Stream of numeric values
	period - Period for the moving average (default: 20)
	std_dev - Number of standard deviations (default: 2)

Examples
iex> prices = [20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34]
iex> {upper, middle, lower} = ExPostFacto.Indicators.bollinger_bands(prices, 10, 2)
iex> is_list(upper) and is_list(middle) and is_list(lower)
true

  



  
    
      
    
    
      crossover?(series1, series2)



        
          
        

    

  


  

      

          @spec crossover?([number() | nil], [number() | nil]) :: boolean()


      


Check if the first series crosses above the second series.
Returns true if there was a crossover on the most recent data point.
Parameters
	series1 - First data series (list of numbers)
	series2 - Second data series (list of numbers)

Examples
iex> fast_ma = [10, 11, 12, 13, 14]
iex> slow_ma = [12, 12, 12, 12, 12]
iex> ExPostFacto.Indicators.crossover?(fast_ma, slow_ma)
true

iex> fast_ma = [10, 11, 12]
iex> slow_ma = [13, 13, 13]
iex> ExPostFacto.Indicators.crossover?(fast_ma, slow_ma)
false

  



  
    
      
    
    
      crossunder?(series1, series2)



        
          
        

    

  


  

      

          @spec crossunder?([number() | nil], [number() | nil]) :: boolean()


      


Check if the first series crosses below the second series.
Returns true if there was a crossover below on the most recent data point.
Parameters
	series1 - First data series (list of numbers)
	series2 - Second data series (list of numbers)

Examples
iex> fast_ma = [14, 13, 12, 11, 10]
iex> slow_ma = [12, 12, 12, 12, 12]
iex> ExPostFacto.Indicators.crossunder?(fast_ma, slow_ma)
true

  



  
    
      
    
    
      ema(data, period)



        
          
        

    

  


  

      

          @spec ema(Enumerable.t(), pos_integer()) :: [float() | nil]


      


Calculate Exponential Moving Average (EMA).
The EMA gives more weight to recent prices and responds more quickly to price changes
than a simple moving average.
Parameters
	data - List or Stream of numeric values
	period - Number of periods for the EMA calculation

Examples
iex> prices = [22.27, 22.19, 22.08, 22.17, 22.18, 22.13, 22.23, 22.43, 22.24, 22.29]
iex> ema_values = ExPostFacto.Indicators.ema(prices, 10)
iex> List.last(ema_values) |> Float.round(4)
22.2210

  



    

    

    

  
    
      
    
    
      macd(data, fast_period \\ 12, slow_period \\ 26, signal_period \\ 9)



        
          
        

    

  


  

      

          @spec macd(Enumerable.t(), pos_integer(), pos_integer(), pos_integer()) ::
  {[float() | nil], [float() | nil], [float() | nil]}


      


Calculate MACD (Moving Average Convergence Divergence).
Returns a tuple of {macd_line, signal_line, histogram}.
Parameters
	data - List or Stream of numeric values (typically closing prices)
	fast_period - Fast EMA period (default: 12)
	slow_period - Slow EMA period (default: 26)
	signal_period - Signal line EMA period (default: 9)

Examples
iex> prices = [12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30]
iex> {macd, signal, histogram} = ExPostFacto.Indicators.macd(prices)
iex> is_list(macd) and is_list(signal) and is_list(histogram)
true

  



    

  
    
      
    
    
      rsi(data, period \\ 14)



        
          
        

    

  


  

      

          @spec rsi(Enumerable.t(), pos_integer()) :: [float() | nil]


      


Calculate Relative Strength Index (RSI).
RSI is a momentum oscillator that measures the speed and magnitude of price changes.
Values range from 0 to 100.
Parameters
	data - List or Stream of numeric values (typically closing prices)
	period - Number of periods for RSI calculation (default: 14)

Examples
iex> prices = [44, 44.34, 44.09, 44.15, 43.61, 44.33, 44.83, 45.85, 46.08, 45.89, 46.03, 46.83, 47.69, 46.49, 46.26]
iex> rsi_values = ExPostFacto.Indicators.rsi(prices, 14)
iex> List.last(rsi_values) |> Float.round(2)
65.96

  



  
    
      
    
    
      sma(data, period)



        
          
        

    

  


  

      

          @spec sma(Enumerable.t(), pos_integer()) :: [float() | nil]


      


Calculate Simple Moving Average (SMA).
Returns a list of SMA values. For periods where insufficient data is available,
returns nil values.
Parameters
	data - List or Stream of numeric values
	period - Number of periods for the moving average

Examples
iex> ExPostFacto.Indicators.sma([1, 2, 3, 4, 5], 3)
[nil, nil, 2.0, 3.0, 4.0]

iex> ExPostFacto.Indicators.sma([10, 20, 30], 2)
[nil, 15.0, 25.0]

  


        

      


  

    
ExPostFacto.Indicators.Streaming 
    



      
Memory-efficient streaming implementations of technical indicators.
This module provides streaming versions of technical indicators that use constant
memory regardless of dataset size. These implementations are optimized for:
	Large datasets that don't fit in memory
	Real-time data processing
	Low-latency applications
	Memory-constrained environments

Features
	Constant Memory Usage: O(1) memory for most indicators
	Stream Processing: Works with Elixir streams and GenStage
	Hot Updates: Can update indicators incrementally
	State Preservation: Maintains internal state for continuous processing

Example Usage
# Create a streaming SMA processor
{:ok, sma_processor} = ExPostFacto.Indicators.Streaming.SMA.start_link(period: 20)

# Process data points one by one
large_data_stream
|> Stream.map(fn price ->
     ExPostFacto.Indicators.Streaming.SMA.update(sma_processor, price)
   end)
|> Stream.filter(&(&1 != nil))  # Filter out incomplete periods
|> Enum.to_list()

# Or process in batch for better performance
{:ok, results} = ExPostFacto.Indicators.Streaming.process_batch(
  large_data_stream,
  [
    {:sma, [period: 20]},
    {:ema, [period: 12]},
    {:rsi, [period: 14]}
  ]
)

      


      
        Summary


  
    Functions
  


    
      
        create_pipeline(indicators)

      


        Create a streaming pipeline for real-time indicator calculation.



    


    
      
        process_batch(data_stream, indicators)

      


        Process a stream of data with multiple indicators concurrently.



    





      


      
        Functions

        


  
    
      
    
    
      create_pipeline(indicators)



        
          
        

    

  


  

Create a streaming pipeline for real-time indicator calculation.
Returns a GenStage producer that can be used in a streaming pipeline for
real-time processing of market data.
Example
{:ok, indicator_stage} = ExPostFacto.Indicators.Streaming.create_pipeline([
  {:sma, [period: 20]},
  {:rsi, [period: 14]}
])

# Use in a GenStage pipeline
data_producer
|> GenStage.stream([indicator_stage])
|> Stream.each(&handle_indicators/1)
|> Stream.run()

  



  
    
      
    
    
      process_batch(data_stream, indicators)



        
          
        

    

  


  

      

          @spec process_batch(Enumerable.t(), [{atom(), keyword()}]) ::
  {:ok, map()} | {:error, String.t()}


      


Process a stream of data with multiple indicators concurrently.
This function allows you to calculate multiple indicators on the same data stream
efficiently, with each indicator running in its own process.
Parameters
	data_stream - Stream of price data
	indicators - List of {indicator_type, options} tuples

Supported Indicators
	:sma - Simple Moving Average (options: period)
	:ema - Exponential Moving Average (options: period)
	:rsi - Relative Strength Index (options: period)

Example
{:ok, results} = ExPostFacto.Indicators.Streaming.process_batch(
  price_stream,
  [
    {:sma, [period: 20]},
    {:sma, [period: 50]},
    {:ema, [period: 12]},
    {:rsi, [period: 14]}
  ]
)

# Results will be a map like:
# %{
#   sma_20: [nil, nil, ..., 100.5, 101.2, ...],
#   sma_50: [nil, nil, ..., 98.7, 99.1, ...],
#   ema_12: [100.0, 100.1, ..., 102.3, 102.8, ...],
#   rsi_14: [nil, nil, ..., 45.2, 47.8, ...]
# }

  


        

      


  

    
ExPostFacto.Indicators.Streaming.EMA 
    



      
Streaming Exponential Moving Average with O(1) memory usage.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        current_value(pid)

      


    


    
      
        init(period)

      


        Callback implementation for GenServer.init/1.



    


    
      
        reset(pid)

      


    


    
      
        start_link(opts)

      


    


    
      
        update(pid, value)

      


    





      


      
        Functions

        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      current_value(pid)



        
          
        

    

  


  


  



  
    
      
    
    
      init(period)



        
          
        

    

  


  

Callback implementation for GenServer.init/1.

  



  
    
      
    
    
      reset(pid)



        
          
        

    

  


  


  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  


  



  
    
      
    
    
      update(pid, value)



        
          
        

    

  


  


  


        

      


  

    
ExPostFacto.Indicators.Streaming.RSI 
    



      
Streaming Relative Strength Index with O(1) memory usage.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        current_value(pid)

      


    


    
      
        init(period)

      


        Callback implementation for GenServer.init/1.



    


    
      
        reset(pid)

      


    


    
      
        start_link(opts)

      


    


    
      
        update(pid, price)

      


    





      


      
        Functions

        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      current_value(pid)



        
          
        

    

  


  


  



  
    
      
    
    
      init(period)



        
          
        

    

  


  

Callback implementation for GenServer.init/1.

  



  
    
      
    
    
      reset(pid)



        
          
        

    

  


  


  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  


  



  
    
      
    
    
      update(pid, price)



        
          
        

    

  


  


  


        

      


  

    
ExPostFacto.Indicators.Streaming.SMA 
    



      
Streaming Simple Moving Average with O(1) memory usage.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        current_value(pid)

      


    


    
      
        init(period)

      


        Callback implementation for GenServer.init/1.



    


    
      
        reset(pid)

      


    


    
      
        start_link(opts)

      


    


    
      
        update(pid, value)

      


    





      


      
        Functions

        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      current_value(pid)



        
          
        

    

  


  


  



  
    
      
    
    
      init(period)



        
          
        

    

  


  

Callback implementation for GenServer.init/1.

  



  
    
      
    
    
      reset(pid)



        
          
        

    

  


  


  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  


  



  
    
      
    
    
      update(pid, value)



        
          
        

    

  


  


  


        

      


  

    
ExPostFacto.InputData 
    



      
InputData a wrapper around the HLOC data that is passed into the backtest.

      


      
        Summary


  
    Functions
  


    
      
        munge(data)

      


    


    
      
        new!(arg1)

      


        Creates a new! InputData struct.



    


    
      
        normalize_timestamp(dt)

      


        Normalizes timestamp to a consistent format.



    





      


      
        Functions

        


  
    
      
    
    
      munge(data)



        
          
        

    

  


  

      

          @spec munge(%{
  optional(:high) => float(),
  optional(:h) => float(),
  optional(:low) => float(),
  optional(:l) => float(),
  optional(:open) => float(),
  optional(:o) => float(),
  optional(:close) => float(),
  optional(:c) => float(),
  optional(:timestamp) => String.t() | DateTime.t(),
  optional(:t) => String.t() | DateTime.t(),
  optional(:volume) => float(),
  optional(:v) => float(),
  optional(:other) => any()
}) :: %ExPostFacto.InputData{
  close: term(),
  high: term(),
  low: term(),
  open: term(),
  other: term(),
  timestamp: term(),
  volume: term()
}


      



  



  
    
      
    
    
      new!(arg1)



        
          
        

    

  


  

      

          @spec new!(%{
  optional(:other) => any(),
  high: float(),
  low: float(),
  open: float(),
  close: float(),
  volume: float() | nil,
  timestamp: String.t() | DateTime.t() | nil
}) :: %ExPostFacto.InputData{
  close: term(),
  high: term(),
  low: term(),
  open: term(),
  other: term(),
  timestamp: term(),
  volume: term()
}


      


Creates a new! InputData struct.

  



  
    
      
    
    
      normalize_timestamp(dt)



        
          
        

    

  


  

      

          @spec normalize_timestamp(String.t() | DateTime.t() | nil) ::
  DateTime.t() | String.t() | nil


      


Normalizes timestamp to a consistent format.
Attempts to parse string timestamps into DateTime structs for better handling.

  


        

      


  

    
ExPostFacto.Optimizer 
    



      
Parameter optimization framework for trading strategies.
Provides various optimization methods to find optimal strategy parameters:
	Grid search optimization (with parallel execution)
	Random search (with parallel execution)
	Walk-forward analysis
	Parameter heatmaps

Performance Features
	Parallel Backtesting: Multiple parameter combinations are tested concurrently
	Configurable Concurrency: Control the number of parallel workers
	Memory Efficient: Streams results to avoid memory bloat
	Chunked Processing: Large parameter spaces are processed in chunks

Example Usage
# Grid search optimization with parallel execution
results = ExPostFacto.Optimizer.grid_search(
  market_data,
  MyStrategy,
  [fast: 5..20, slow: 20..50],
  maximize: :sharpe_ratio,
  max_concurrency: 8
)

      


      
        Summary


  
    Types
  


    
      
        optimization_method()

      


    


    
      
        optimization_metric()

      


    


    
      
        optimization_result()

      


    


    
      
        parameter_range()

      


    


    
      
        parameter_ranges()

      


    





  
    Functions
  


    
      
        grid_search(data, strategy_module, param_ranges, opts \\ [])

      


        Perform grid search optimization on strategy parameters with parallel execution.



    


    
      
        heatmap(optimization_result, x_param, y_param)

      


        Generate a parameter heatmap from optimization results.



    


    
      
        random_search(data, strategy_module, param_ranges, opts \\ [])

      


        Perform random search optimization on strategy parameters with parallel execution.



    


    
      
        walk_forward(data, strategy_module, param_ranges, opts \\ [])

      


        Walk-forward analysis optimization.



    





      


      
        Types

        


  
    
      
    
    
      optimization_method()



        
          
        

    

  


  

      

          @type optimization_method() :: :grid_search | :random_search | :walk_forward


      



  



  
    
      
    
    
      optimization_metric()



        
          
        

    

  


  

      

          @type optimization_metric() ::
  :sharpe_ratio
  | :total_return_pct
  | :cagr_pct
  | :profit_factor
  | :sqn
  | :win_rate
  | :max_draw_down_percentage


      



  



  
    
      
    
    
      optimization_result()



        
          
        

    

  


  

      

          @type optimization_result() :: %{
  best_params: keyword(),
  best_score: float(),
  best_output: ExPostFacto.Output.t(),
  all_results: [
    %{params: keyword(), score: float(), output: ExPostFacto.Output.t()}
  ],
  method: optimization_method(),
  metric: optimization_metric()
}


      



  



  
    
      
    
    
      parameter_range()



        
          
        

    

  


  

      

          @type parameter_range() :: Range.t() | [any()]


      



  



  
    
      
    
    
      parameter_ranges()



        
          
        

    

  


  

      

          @type parameter_ranges() :: [{atom(), parameter_range()}]


      



  


        

      

      
        Functions

        


    

  
    
      
    
    
      grid_search(data, strategy_module, param_ranges, opts \\ [])



        
          
        

    

  


  

      

          @spec grid_search(
  data :: [map()],
  strategy_module :: atom(),
  param_ranges :: parameter_ranges(),
  opts :: keyword()
) :: {:ok, optimization_result()} | {:error, String.t()}


      


Perform grid search optimization on strategy parameters with parallel execution.
Runs backtests for all combinations of parameter values within the specified ranges
and returns the combination that optimizes the target metric. Uses concurrent processing
to significantly improve performance for large parameter spaces.
Parameters
	data - Market data for backtesting
	strategy_module - Strategy module to optimize
	param_ranges - Keyword list of parameter names to ranges
	opts - Options including :maximize metric and backtesting options

Options
	:maximize - Metric to optimize (default: :sharpe_ratio)
	:starting_balance - Starting balance for backtests (default: 10_000.0)
	:max_combinations - Maximum parameter combinations to test (default: 1000)
	:max_concurrency - Maximum concurrent backtests (default: number of CPU cores)
	:chunk_size - Process combinations in chunks of this size (default: 100)
	:timeout - Timeout per backtest in milliseconds (default: 30_000)

Performance Notes
	Automatically scales concurrency based on available CPU cores
	Processes parameter combinations in chunks to manage memory usage
	Includes timeout protection to prevent hanging backtests

Example
results = ExPostFacto.Optimizer.grid_search(
  market_data,
  SmaStrategy,
  [fast_period: 5..15, slow_period: 20..30],
  maximize: :sharpe_ratio,
  starting_balance: 100_000.0,
  max_concurrency: 8,
  chunk_size: 50
)

  



  
    
      
    
    
      heatmap(optimization_result, x_param, y_param)



        
          
        

    

  


  

      

          @spec heatmap(optimization_result(), atom(), atom()) ::
  {:ok, map()} | {:error, String.t()}


      


Generate a parameter heatmap from optimization results.
Creates a 2D heatmap visualization data structure for two-parameter optimization results.
Useful for visualizing the parameter space and identifying optimal regions.
Parameters
	optimization_result - Result from grid_search or random_search
	x_param - Parameter name for X-axis
	y_param - Parameter name for Y-axis

Returns
Returns {:ok, heatmap_data} where heatmap_data is a map containing:
	:x_values - Sorted list of X parameter values
	:y_values - Sorted list of Y parameter values
	:scores - 2D list of scores (scores[y][x])
	:x_param - X parameter name
	:y_param - Y parameter name

Example
{:ok, heatmap} = ExPostFacto.Optimizer.heatmap(results, :fast_period, :slow_period)

# Access heatmap data
x_values = heatmap.x_values     # [5, 6, 7, ...]
y_values = heatmap.y_values     # [15, 16, 17, ...]
scores = heatmap.scores         # [[0.1, 0.2, ...], [0.3, 0.4, ...], ...]

  



    

  
    
      
    
    
      random_search(data, strategy_module, param_ranges, opts \\ [])



        
          
        

    

  


  

      

          @spec random_search(
  data :: [map()],
  strategy_module :: atom(),
  param_ranges :: parameter_ranges(),
  opts :: keyword()
) :: {:ok, optimization_result()} | {:error, String.t()}


      


Perform random search optimization on strategy parameters with parallel execution.
Randomly samples parameter combinations within the specified ranges
and returns the combination that optimizes the target metric. Uses concurrent processing
for improved performance.
Parameters
	data - Market data for backtesting
	strategy_module - Strategy module to optimize
	param_ranges - Keyword list of parameter names to ranges
	opts - Options including :maximize metric and :samples count

Options
	:maximize - Metric to optimize (default: :sharpe_ratio)
	:samples - Number of random samples to test (default: 100)
	:starting_balance - Starting balance for backtests (default: 10_000.0)
	:max_concurrency - Maximum concurrent backtests (default: number of CPU cores)
	:chunk_size - Process samples in chunks of this size (default: 50)
	:timeout - Timeout per backtest in milliseconds (default: 30_000)


  



    

  
    
      
    
    
      walk_forward(data, strategy_module, param_ranges, opts \\ [])



        
          
        

    

  


  

      

          @spec walk_forward(
  data :: [map()],
  strategy_module :: atom(),
  param_ranges :: parameter_ranges(),
  opts :: keyword()
) :: {:ok, map()} | {:error, String.t()}


      


Walk-forward analysis optimization.
Performs optimization using a walk-forward approach where parameters are
optimized on a training window and tested on a following validation window.
This helps evaluate strategy robustness over time.
Parameters
	data - Market data for backtesting (must have sufficient length)
	strategy_module - Strategy module to optimize
	param_ranges - Keyword list of parameter names to ranges
	opts - Options including window sizes and optimization settings

Options
	:training_window - Number of data points for training (default: 100)
	:validation_window - Number of data points for validation (default: 50)
	:step_size - Step size for moving the window (default: 25)
	:maximize - Metric to optimize (default: :sharpe_ratio)
	:optimization_method - Method for each window (:grid_search or :random_search) (default: :grid_search)

Returns
Returns {:ok, walk_forward_result} containing:
	:windows - List of results for each walk-forward window
	:summary - Aggregated performance metrics
	:parameters_stability - Analysis of parameter stability across windows


  


        

      


  

    
ExPostFacto.Order 
    



      
Represents different types of trading orders.
Supports:
	Market orders (immediate execution)
	Limit orders (execute at specific price or better)
	Stop orders (execute when price reaches stop level)
	Stop-limit orders (becomes limit order when stop triggered)
	Orders with stop-loss and take-profit levels


      


      
        Summary


  
    Types
  


    
      
        order_side()

      


    


    
      
        order_status()

      


    


    
      
        order_type()

      


    


    
      
        t()

      


    


    
      
        time_in_force()

      


    





  
    Functions
  


    
      
        can_fill?(arg1, market_price)

      


        Checks if an order can be filled at the given market price.



    


    
      
        cancel(order)

      


        Cancels an order.



    


    
      
        fill(order, fill_price, fill_time \\ nil, fill_index \\ nil, commission \\ 0.0)

      


        Fills an order at the given price and time.



    


    
      
        is_filled?(arg1)

      


        Returns true if the order is filled.



    


    
      
        is_partially_filled?(arg1)

      


        Returns true if the order is partially filled.



    


    
      
        is_pending?(arg1)

      


        Returns true if the order is pending.



    


    
      
        limit(symbol, side, size, limit_price, opts \\ [])

      


        Creates a new limit order.



    


    
      
        market(symbol, side, size, opts \\ [])

      


        Creates a new market order.



    


    
      
        partial_fill(order, fill_size, fill_price, fill_time \\ nil, fill_index \\ nil, commission \\ 0.0)

      


        Partially fills an order.



    


    
      
        remaining_size(map)

      


        Returns the remaining size to be filled.



    


    
      
        stop(symbol, side, size, stop_price, opts \\ [])

      


        Creates a new stop order.



    


    
      
        stop_limit(symbol, side, size, stop_price, limit_price, opts \\ [])

      


        Creates a new stop-limit order.



    





      


      
        Types

        


  
    
      
    
    
      order_side()



        
          
        

    

  


  

      

          @type order_side() :: :buy | :sell


      



  



  
    
      
    
    
      order_status()



        
          
        

    

  


  

      

          @type order_status() ::
  :pending | :filled | :partially_filled | :cancelled | :rejected


      



  



  
    
      
    
    
      order_type()



        
          
        

    

  


  

      

          @type order_type() :: :market | :limit | :stop | :stop_limit


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ExPostFacto.Order{
  commission: float(),
  created_at: String.t() | nil,
  created_index: non_neg_integer() | nil,
  filled_at: String.t() | nil,
  filled_index: non_neg_integer() | nil,
  filled_price: float() | nil,
  filled_size: float() | nil,
  id: String.t(),
  limit_price: float() | nil,
  side: order_side(),
  size: float(),
  status: order_status(),
  stop_loss: float() | nil,
  stop_price: float() | nil,
  symbol: String.t(),
  take_profit: float() | nil,
  time_in_force: time_in_force() | nil,
  type: order_type()
}


      



  



  
    
      
    
    
      time_in_force()



        
          
        

    

  


  

      

          @type time_in_force() :: :day | :gtc | :ioc | :fok


      



  


        

      

      
        Functions

        


  
    
      
    
    
      can_fill?(arg1, market_price)



        
          
        

    

  


  

      

          @spec can_fill?(t(), float()) :: boolean()


      


Checks if an order can be filled at the given market price.

  



  
    
      
    
    
      cancel(order)



        
          
        

    

  


  

      

          @spec cancel(t()) :: t()


      


Cancels an order.

  



    

    

    

  
    
      
    
    
      fill(order, fill_price, fill_time \\ nil, fill_index \\ nil, commission \\ 0.0)



        
          
        

    

  


  

      

          @spec fill(t(), float(), String.t() | nil, non_neg_integer() | nil, float() | nil) ::
  t()


      


Fills an order at the given price and time.

  



  
    
      
    
    
      is_filled?(arg1)



        
          
        

    

  


  

      

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


      


Returns true if the order is filled.

  



  
    
      
    
    
      is_partially_filled?(arg1)



        
          
        

    

  


  

      

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


      


Returns true if the order is partially filled.

  



  
    
      
    
    
      is_pending?(arg1)



        
          
        

    

  


  

      

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


      


Returns true if the order is pending.

  



    

  
    
      
    
    
      limit(symbol, side, size, limit_price, opts \\ [])



        
          
        

    

  


  

      

          @spec limit(String.t(), order_side(), float(), float(), keyword()) :: t()


      


Creates a new limit order.
Examples
iex> Order.limit("AAPL", :buy, 100.0, 149.50)
%Order{
  type: :limit,
  symbol: "AAPL",
  side: :buy,
  size: 100.0,
  limit_price: 149.50,
  status: :pending
}

  



    

  
    
      
    
    
      market(symbol, side, size, opts \\ [])



        
          
        

    

  


  

      

          @spec market(String.t(), order_side(), float(), keyword()) :: t()


      


Creates a new market order.
Examples
iex> Order.market("AAPL", :buy, 100.0)
%Order{
  type: :market,
  symbol: "AAPL",
  side: :buy,
  size: 100.0,
  status: :pending
}

  



    

    

    

  
    
      
    
    
      partial_fill(order, fill_size, fill_price, fill_time \\ nil, fill_index \\ nil, commission \\ 0.0)



        
          
        

    

  


  

      

          @spec partial_fill(
  t(),
  float(),
  float(),
  String.t() | nil,
  non_neg_integer() | nil,
  float() | nil
) :: t()


      


Partially fills an order.

  



  
    
      
    
    
      remaining_size(map)



        
          
        

    

  


  

      

          @spec remaining_size(t()) :: float()


      


Returns the remaining size to be filled.

  



    

  
    
      
    
    
      stop(symbol, side, size, stop_price, opts \\ [])



        
          
        

    

  


  

      

          @spec stop(String.t(), order_side(), float(), float(), keyword()) :: t()


      


Creates a new stop order.
Examples
iex> Order.stop("AAPL", :sell, 100.0, 145.00)
%Order{
  type: :stop,
  symbol: "AAPL",
  side: :sell,
  size: 100.0,
  stop_price: 145.00,
  status: :pending
}

  



    

  
    
      
    
    
      stop_limit(symbol, side, size, stop_price, limit_price, opts \\ [])



        
          
        

    

  


  

      

          @spec stop_limit(String.t(), order_side(), float(), float(), float(), keyword()) ::
  t()


      


Creates a new stop-limit order.
Examples
iex> Order.stop_limit("AAPL", :sell, 100.0, 145.00, 144.50)
%Order{
  type: :stop_limit,
  symbol: "AAPL",
  side: :sell,
  size: 100.0,
  stop_price: 145.00,
  limit_price: 144.50,
  status: :pending
}

  


        

      


  

    
ExPostFacto.Output 
    



      
The output is what is returned from the backtest function.

      


      
        Summary


  
    Functions
  


    
      
        new(data, strategy, result)

      


        Creates a new output struct.



    





      


      
        Functions

        


  
    
      
    
    
      new(data, strategy, result)



        
          
        

    

  


  

      

          @spec new(
  data :: [ExPostFacto.DataPoint.t()],
  strategy :: ExPostFacto.module_function_arguments(),
  result :: ExPostFacto.Result.t()
) :: %ExPostFacto.Output{data: term(), result: term(), strategy: term()}


      


Creates a new output struct.

  


        

      


  

    
ExPostFacto.Portfolio 
    



      
Manages a portfolio of positions and orders.
The portfolio tracks:
	Current positions (open trades)
	Pending orders
	Order history
	Position history
	Portfolio-level metrics


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        add_order(portfolio, order)

      


        Adds an order to the portfolio.



    


    
      
        add_position(portfolio, position)

      


        Adds a position to the portfolio.



    


    
      
        get_long_positions(portfolio)

      


        Gets all long positions.



    


    
      
        get_net_position_size(portfolio, symbol)

      


        Calculates the total position size for a symbol (net long/short).



    


    
      
        get_pending_orders(portfolio)

      


        Gets all pending orders.



    


    
      
        get_pending_orders_for_symbol(portfolio, symbol)

      


        Gets all pending orders for a specific symbol.



    


    
      
        get_positions(portfolio)

      


        Gets all open positions.



    


    
      
        get_positions_for_symbol(portfolio, symbol)

      


        Gets all positions for a specific symbol.



    


    
      
        get_short_positions(portfolio)

      


        Gets all short positions.



    


    
      
        get_summary(portfolio)

      


        Gets portfolio summary statistics.



    


    
      
        has_pending_orders?(portfolio)

      


        Returns true if the portfolio has any pending orders.



    


    
      
        has_positions?(portfolio)

      


        Returns true if the portfolio has any open positions.



    


    
      
        new(starting_equity \\ 0.0)

      


        Creates a new empty portfolio.



    


    
      
        remove_order(portfolio, order_id)

      


        Removes an order from the portfolio and adds it to history.



    


    
      
        remove_position(portfolio, position_id)

      


        Removes a position from the portfolio and adds it to history.



    


    
      
        total_pl(portfolio)

      


        Calculates total P&L (realized + unrealized).



    


    
      
        total_realized_pl(portfolio)

      


        Calculates total realized P&L across all positions.



    


    
      
        total_unrealized_pl(portfolio)

      


        Calculates total unrealized P&L across all positions.



    


    
      
        update_equity(portfolio, starting_cash)

      


        Updates portfolio equity based on current positions.



    


    
      
        update_market_data(portfolio, symbol, current_price, current_time \\ nil)

      


        Processes market data update for all positions.



    


    
      
        update_position(portfolio, position_id, updated_position)

      


        Updates an existing position in the portfolio.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ExPostFacto.Portfolio{
  available_cash: float(),
  equity: float(),
  margin_used: float(),
  order_history: [ExPostFacto.Order.t()],
  orders: %{required(String.t()) => ExPostFacto.Order.t()},
  position_history: [ExPostFacto.Position.t()],
  positions: %{required(String.t()) => ExPostFacto.Position.t()},
  total_commission: float()
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      add_order(portfolio, order)



        
          
        

    

  


  

      

          @spec add_order(t(), ExPostFacto.Order.t()) :: t()


      


Adds an order to the portfolio.

  



  
    
      
    
    
      add_position(portfolio, position)



        
          
        

    

  


  

      

          @spec add_position(t(), ExPostFacto.Position.t()) :: t()


      


Adds a position to the portfolio.

  



  
    
      
    
    
      get_long_positions(portfolio)



        
          
        

    

  


  

      

          @spec get_long_positions(t()) :: [ExPostFacto.Position.t()]


      


Gets all long positions.

  



  
    
      
    
    
      get_net_position_size(portfolio, symbol)



        
          
        

    

  


  

      

          @spec get_net_position_size(t(), String.t()) :: float()


      


Calculates the total position size for a symbol (net long/short).

  



  
    
      
    
    
      get_pending_orders(portfolio)



        
          
        

    

  


  

      

          @spec get_pending_orders(t()) :: [ExPostFacto.Order.t()]


      


Gets all pending orders.

  



  
    
      
    
    
      get_pending_orders_for_symbol(portfolio, symbol)



        
          
        

    

  


  

      

          @spec get_pending_orders_for_symbol(t(), String.t()) :: [ExPostFacto.Order.t()]


      


Gets all pending orders for a specific symbol.

  



  
    
      
    
    
      get_positions(portfolio)



        
          
        

    

  


  

      

          @spec get_positions(t()) :: [ExPostFacto.Position.t()]


      


Gets all open positions.

  



  
    
      
    
    
      get_positions_for_symbol(portfolio, symbol)



        
          
        

    

  


  

      

          @spec get_positions_for_symbol(t(), String.t()) :: [ExPostFacto.Position.t()]


      


Gets all positions for a specific symbol.

  



  
    
      
    
    
      get_short_positions(portfolio)



        
          
        

    

  


  

      

          @spec get_short_positions(t()) :: [ExPostFacto.Position.t()]


      


Gets all short positions.

  



  
    
      
    
    
      get_summary(portfolio)



        
          
        

    

  


  

      

          @spec get_summary(t()) :: %{
  total_positions: non_neg_integer(),
  total_pending_orders: non_neg_integer(),
  total_pl: float(),
  total_unrealized_pl: float(),
  total_realized_pl: float(),
  equity: float(),
  available_cash: float()
}


      


Gets portfolio summary statistics.

  



  
    
      
    
    
      has_pending_orders?(portfolio)



        
          
        

    

  


  

      

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


      


Returns true if the portfolio has any pending orders.

  



  
    
      
    
    
      has_positions?(portfolio)



        
          
        

    

  


  

      

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


      


Returns true if the portfolio has any open positions.

  



    

  
    
      
    
    
      new(starting_equity \\ 0.0)



        
          
        

    

  


  

      

          @spec new(float()) :: t()


      


Creates a new empty portfolio.

  



  
    
      
    
    
      remove_order(portfolio, order_id)



        
          
        

    

  


  

      

          @spec remove_order(t(), String.t()) :: t()


      


Removes an order from the portfolio and adds it to history.

  



  
    
      
    
    
      remove_position(portfolio, position_id)



        
          
        

    

  


  

      

          @spec remove_position(t(), String.t()) :: t()


      


Removes a position from the portfolio and adds it to history.

  



  
    
      
    
    
      total_pl(portfolio)



        
          
        

    

  


  

      

          @spec total_pl(t()) :: float()


      


Calculates total P&L (realized + unrealized).

  



  
    
      
    
    
      total_realized_pl(portfolio)



        
          
        

    

  


  

      

          @spec total_realized_pl(t()) :: float()


      


Calculates total realized P&L across all positions.

  



  
    
      
    
    
      total_unrealized_pl(portfolio)



        
          
        

    

  


  

      

          @spec total_unrealized_pl(t()) :: float()


      


Calculates total unrealized P&L across all positions.

  



  
    
      
    
    
      update_equity(portfolio, starting_cash)



        
          
        

    

  


  

      

          @spec update_equity(t(), float()) :: t()


      


Updates portfolio equity based on current positions.

  



    

  
    
      
    
    
      update_market_data(portfolio, symbol, current_price, current_time \\ nil)



        
          
        

    

  


  

      

          @spec update_market_data(t(), String.t(), float(), String.t() | nil) :: t()


      


Processes market data update for all positions.

  



  
    
      
    
    
      update_position(portfolio, position_id, updated_position)



        
          
        

    

  


  

      

          @spec update_position(t(), String.t(), ExPostFacto.Position.t()) :: t()


      


Updates an existing position in the portfolio.

  


        

      


  

    
ExPostFacto.Position 
    



      
Represents a trading position with size, entry price, and profit/loss tracking.
A position can be:
	Long: buying first, then selling to close
	Short: selling first, then buying to close

Positions support partial closing and detailed P&L calculations.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        close(position, close_price, close_time \\ nil)

      


        Fully closes a position.



    


    
      
        is_closed?(arg1)

      


        Returns true if the position is fully closed.



    


    
      
        is_long?(arg1)

      


        Returns true if the position is long.



    


    
      
        is_short?(arg1)

      


        Returns true if the position is short.



    


    
      
        new(symbol, side, size, entry_price, entry_time \\ nil, entry_index \\ 0, entry_data_point \\ nil)

      


        Creates a new position.



    


    
      
        partial_close(position, close_size, close_price, close_time \\ nil)

      


        Partially closes a position.



    


    
      
        total_pl(position)

      


        Returns the total profit/loss for the position (realized + unrealized).



    


    
      
        total_pl_pct(position)

      


        Returns the total profit/loss percentage for the position.



    


    
      
        update_market_data(position, current_price, current_time \\ nil)

      


        Updates the position with current market data.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ExPostFacto.Position{
  commission_paid: float(),
  current_price: float(),
  current_time: String.t() | nil,
  entry_data_point: ExPostFacto.DataPoint.t() | nil,
  entry_index: non_neg_integer(),
  entry_price: float(),
  entry_time: String.t() | nil,
  id: String.t(),
  partial_closes: [%{size: float(), price: float(), time: String.t() | nil}],
  realized_pl: float(),
  realized_pl_pct: float(),
  side: :long | :short,
  size: float(),
  symbol: String.t(),
  unrealized_pl: float(),
  unrealized_pl_pct: float()
}


      



  


        

      

      
        Functions

        


    

  
    
      
    
    
      close(position, close_price, close_time \\ nil)



        
          
        

    

  


  

      

          @spec close(t(), float(), String.t() | nil) :: {t(), float()}


      


Fully closes a position.
Returns a tuple of {closed_position, realized_pl}.

  



  
    
      
    
    
      is_closed?(arg1)



        
          
        

    

  


  

      

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


      


Returns true if the position is fully closed.

  



  
    
      
    
    
      is_long?(arg1)



        
          
        

    

  


  

      

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


      


Returns true if the position is long.

  



  
    
      
    
    
      is_short?(arg1)



        
          
        

    

  


  

      

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


      


Returns true if the position is short.

  



    

    

    

  
    
      
    
    
      new(symbol, side, size, entry_price, entry_time \\ nil, entry_index \\ 0, entry_data_point \\ nil)



        
          
        

    

  


  

      

          @spec new(
  String.t(),
  :long | :short,
  float(),
  float(),
  String.t() | nil,
  non_neg_integer(),
  ExPostFacto.DataPoint.t() | nil
) :: t()


      


Creates a new position.
Examples
iex> Position.new("AAPL", :long, 100.0, 150.0, "2023-01-01", 0)
%Position{
  id: "pos_" <> _,
  symbol: "AAPL",
  side: :long,
  size: 100.0,
  entry_price: 150.0,
  entry_time: "2023-01-01",
  entry_index: 0
}

  



    

  
    
      
    
    
      partial_close(position, close_size, close_price, close_time \\ nil)



        
          
        

    

  


  

      

          @spec partial_close(t(), float(), float(), String.t() | nil) ::
  {t(), float(), float()}


      


Partially closes a position.
Returns a tuple of {updated_position, closed_size, realized_pl}.

  



  
    
      
    
    
      total_pl(position)



        
          
        

    

  


  

      

          @spec total_pl(t()) :: float()


      


Returns the total profit/loss for the position (realized + unrealized).

  



  
    
      
    
    
      total_pl_pct(position)



        
          
        

    

  


  

      

          @spec total_pl_pct(t()) :: float()


      


Returns the total profit/loss percentage for the position.

  



    

  
    
      
    
    
      update_market_data(position, current_price, current_time \\ nil)



        
          
        

    

  


  

      

          @spec update_market_data(t(), float(), String.t() | nil) :: t()


      


Updates the position with current market data.

  


        

      


  

    
ExPostFacto.Result 
    



      
The result contains the output of applying a strategy to a set of data.

      


      
        Summary


  
    Functions
  


    
      
        add_data_point(result, index, datum, action)

      


    


    
      
        compile(result, options \\ [])

      


    


    
      
        comprehensive_summary(result)

      


        Returns a comprehensive summary of all statistics as a map.



    


    
      
        new(options \\ [])

      


        Creates a new result struct.



    





      


      
        Functions

        


  
    
      
    
    
      add_data_point(result, index, datum, action)



        
          
        

    

  


  

      

          @spec add_data_point(
  result :: %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  },
  index :: integer(),
  datum :: map(),
  action :: ExPostFacto.action()
) :: %ExPostFacto.Result{
  alpha: term(),
  annual_volatility: term(),
  average_draw_down_duration: term(),
  average_draw_down_percentage: term(),
  average_losing_trade: term(),
  average_trade_by_percentage: term(),
  average_trade_duration: term(),
  average_winning_trade: term(),
  best_trade_by_percentage: term(),
  beta: term(),
  cagr_pct: term(),
  calmar_ratio: term(),
  data_points: term(),
  duration: term(),
  end_date: term(),
  expectancy: term(),
  expectancy_pct: term(),
  gross_loss: term(),
  gross_profit: term(),
  information_ratio: term(),
  is_position_open: term(),
  kelly_criterion: term(),
  kelly_interpretation: term(),
  largest_losing_trade: term(),
  largest_winning_trade: term(),
  market_correlation: term(),
  max_draw_down: term(),
  max_draw_down_duration: term(),
  max_draw_down_percentage: term(),
  max_trade_duration: term(),
  profit_factor: term(),
  sharpe_ratio: term(),
  sortino_ratio: term(),
  sqn: term(),
  sqn_interpretation: term(),
  start_date: term(),
  starting_balance: term(),
  total_profit_and_loss: term(),
  total_return_pct: term(),
  tracking_error: term(),
  trade_pairs: term(),
  trades_count: term(),
  win_count: term(),
  win_rate: term(),
  worst_trade_by_percentage: term()
}


      



  



    

  
    
      
    
    
      compile(result, options \\ [])



        
          
        

    

  


  

      

          @spec compile(
  result :: %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  },
  options :: keyword()
) :: %ExPostFacto.Result{
  alpha: term(),
  annual_volatility: term(),
  average_draw_down_duration: term(),
  average_draw_down_percentage: term(),
  average_losing_trade: term(),
  average_trade_by_percentage: term(),
  average_trade_duration: term(),
  average_winning_trade: term(),
  best_trade_by_percentage: term(),
  beta: term(),
  cagr_pct: term(),
  calmar_ratio: term(),
  data_points: term(),
  duration: term(),
  end_date: term(),
  expectancy: term(),
  expectancy_pct: term(),
  gross_loss: term(),
  gross_profit: term(),
  information_ratio: term(),
  is_position_open: term(),
  kelly_criterion: term(),
  kelly_interpretation: term(),
  largest_losing_trade: term(),
  largest_winning_trade: term(),
  market_correlation: term(),
  max_draw_down: term(),
  max_draw_down_duration: term(),
  max_draw_down_percentage: term(),
  max_trade_duration: term(),
  profit_factor: term(),
  sharpe_ratio: term(),
  sortino_ratio: term(),
  sqn: term(),
  sqn_interpretation: term(),
  start_date: term(),
  starting_balance: term(),
  total_profit_and_loss: term(),
  total_return_pct: term(),
  tracking_error: term(),
  trade_pairs: term(),
  trades_count: term(),
  win_count: term(),
  win_rate: term(),
  worst_trade_by_percentage: term()
}


      



  



  
    
      
    
    
      comprehensive_summary(result)



        
          
        

    

  


  

      

          @spec comprehensive_summary(
  result :: %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  }
) :: map()


      


Returns a comprehensive summary of all statistics as a map.
This provides a clean view of all calculated metrics without the internal
data structures like data_points and trade_pairs.

  



    

  
    
      
    
    
      new(options \\ [])



        
          
        

    

  


  

      

          @spec new(starting_balance: float(), start_date: String.t(), end_date: String.t()) ::
  %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  }


      


Creates a new result struct.

  


        

      


  

    
ExPostFacto.Strategy behaviour
    



      
A behaviour for implementing trading strategies with enhanced features.
This module provides a more intuitive API for strategy development compared to
the traditional MFA tuple approach. Strategies implement the init/1 and
next/1 callbacks and have access to built-in position management, equity
tracking, and indicator helpers.
Example Strategy
defmodule MyStrategy do
  use ExPostFacto.Strategy

  def init(_opts) do
    sma_fast = indicator(&calculate_sma/2, data().close, 10)
    sma_slow = indicator(&calculate_sma/2, data().close, 20)
    {:ok, %{sma_fast: sma_fast, sma_slow: sma_slow}}
  end

  def next(state) do
    if crossover?(state.sma_fast, state.sma_slow) do
      buy()
    end
    {:ok, state}
  end
end
Callbacks
	init/1 - Called once to initialize strategy state
	next/1 - Called for each data point with strategy state

Helper Functions
When using this behaviour, the following helper functions are available:
	buy/0, sell/0 - Enter long/short positions
	close_buy/0, close_sell/0 - Close long/short positions  
	crossover?/2 - Check if one series crosses above another
	data/0 - Access current market data point
	equity/0 - Get current account equity
	position/0 - Get current position state
	indicator/3 - Create technical indicators


      


      
        Summary


  
    Callbacks
  


    
      
        init(opts)

      


        Initialize the strategy with given options.



    


    
      
        next(state)

      


        Process the next data point.



    





  
    Functions
  


    
      
        buy()

      


        Enter a long position (buy).



    


    
      
        close_buy()

      


        Close a long position.



    


    
      
        close_sell()

      


        Close a short position.



    


    
      
        crossover?(series1, series2)

      


        Check if the first series crosses above the second series.



    


    
      
        crossunder?(series1, series2)

      


        Check if the first series crosses below the second series.



    


    
      
        data()

      


        Get the current market data point.



    


    
      
        equity()

      


        Get the current account equity.



    


    
      
        indicator(indicator_type, data, params \\ nil)

      


        Create a technical indicator using the ExPostFacto.Indicators module.



    


    
      
        position()

      


        Get the current position state.



    


    
      
        sell()

      


        Enter a short position (sell).



    





      


      
        Callbacks

        


  
    
      
    
    
      init(opts)



        
          
        

    

  


  

      

          @callback init(opts :: keyword()) :: {:ok, state :: any()} | {:error, reason :: any()}


      


Initialize the strategy with given options.
Returns {:ok, state} where state is the initial strategy state,
or {:error, reason} if initialization fails.

  



  
    
      
    
    
      next(state)



        
          
        

    

  


  

      

          @callback next(state :: any()) :: {:ok, new_state :: any()} | {:error, reason :: any()}


      


Process the next data point.
Called for each data point with the current strategy state.
Returns {:ok, new_state} or {:error, reason}.
Actions are triggered by calling helper functions like buy(), sell(), etc.
within this callback.

  


        

      

      
        Functions

        


  
    
      
    
    
      buy()



        
          
        

    

  


  

Enter a long position (buy).

  



  
    
      
    
    
      close_buy()



        
          
        

    

  


  

Close a long position.

  



  
    
      
    
    
      close_sell()



        
          
        

    

  


  

Close a short position.

  



  
    
      
    
    
      crossover?(series1, series2)



        
          
        

    

  


  

Check if the first series crosses above the second series.
Returns true if there was a crossover on the current data point.
Delegates to ExPostFacto.Indicators for comprehensive crossover detection.

  



  
    
      
    
    
      crossunder?(series1, series2)



        
          
        

    

  


  

Check if the first series crosses below the second series.
Returns true if there was a crossunder on the current data point.

  



  
    
      
    
    
      data()



        
          
        

    

  


  

Get the current market data point.

  



  
    
      
    
    
      equity()



        
          
        

    

  


  

Get the current account equity.

  



    

  
    
      
    
    
      indicator(indicator_type, data, params \\ nil)



        
          
        

    

  


  

Create a technical indicator using the ExPostFacto.Indicators module.
This function provides a convenient interface for calculating technical indicators
within strategies. It delegates to the comprehensive indicator framework.
Parameters
	indicator_type - Atom representing the indicator type (:sma, :ema, :rsi, etc.)
	data - List or stream of numeric values
	params - Parameters for the indicator (period, etc.)

Examples
# Simple Moving Average
sma_values = indicator(:sma, price_data, 20)

# Exponential Moving Average  
ema_values = indicator(:ema, price_data, 12)

# RSI
rsi_values = indicator(:rsi, price_data, 14)

# MACD (returns tuple)
{macd, signal, histogram} = indicator(:macd, price_data, {12, 26, 9})

# Bollinger Bands (returns tuple)
{upper, middle, lower} = indicator(:bollinger_bands, price_data, {20, 2})

  



  
    
      
    
    
      position()



        
          
        

    

  


  

Get the current position state.

  



  
    
      
    
    
      sell()



        
          
        

    

  


  

Enter a short position (sell).

  


        

      


  

    
ExPostFacto.StrategyContext 
    



      
Provides context and state management for enhanced strategies.
This module manages the execution context for strategies using the 
ExPostFacto.Strategy behaviour, providing access to current market data,
equity, position state, and action handling.

      


      
        Summary


  
    Types
  


    
      
        context()

      


    





  
    Functions
  


    
      
        child_spec(arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        clear_action()

      


        Clear any set action.



    


    
      
        get_action()

      


        Get the current action set by the strategy.



    


    
      
        get_data()

      


        Get the current market data.



    


    
      
        get_equity()

      


        Get the current equity.



    


    
      
        get_position()

      


        Get the current position state.



    


    
      
        set_action(action)

      


        Set the action to be taken by the strategy.



    


    
      
        set_context(data, result)

      


        Set the current context with market data and result state.



    


    
      
        start_link(initial_context \\ %{})

      


        Start the strategy context for the current execution.



    


    
      
        stop()

      


        Stop the strategy context.



    





      


      
        Types

        


  
    
      
    
    
      context()



        
          
        

    

  


  

      

          @type context() :: %{
  data: map(),
  result: ExPostFacto.Result.t(),
  action: ExPostFacto.action() | nil,
  equity: float(),
  position: :long | :short | :none
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      child_spec(arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      clear_action()



        
          
        

    

  


  

Clear any set action.

  



  
    
      
    
    
      get_action()



        
          
        

    

  


  

Get the current action set by the strategy.

  



  
    
      
    
    
      get_data()



        
          
        

    

  


  

Get the current market data.

  



  
    
      
    
    
      get_equity()



        
          
        

    

  


  

Get the current equity.

  



  
    
      
    
    
      get_position()



        
          
        

    

  


  

Get the current position state.

  



  
    
      
    
    
      set_action(action)



        
          
        

    

  


  

Set the action to be taken by the strategy.

  



  
    
      
    
    
      set_context(data, result)



        
          
        

    

  


  

Set the current context with market data and result state.

  



    

  
    
      
    
    
      start_link(initial_context \\ %{})



        
          
        

    

  


  

Start the strategy context for the current execution.

  



  
    
      
    
    
      stop()



        
          
        

    

  


  

Stop the strategy context.

  


        

      


  

    
ExPostFacto.Streaming 
    



      
Streaming and chunked processing for large datasets.
Provides memory-efficient processing capabilities for handling large market data files
that may not fit comfortably in memory. Supports various streaming strategies for
different use cases.
Features
	File streaming: Process large CSV/JSON files without loading everything into memory
	Chunked backtesting: Run backtests on data chunks for memory efficiency
	Rolling window processing: Maintain a rolling window of data for analysis
	Lazy evaluation: Only load and process data as needed

Example Usage
# Stream process a large CSV file
{:ok, results} = ExPostFacto.Streaming.backtest_stream(
  "large_dataset.csv",
  MyStrategy,
  chunk_size: 1000,
  window_size: 100
)

# Process data in rolling windows
stream = ExPostFacto.Streaming.rolling_window_stream(
  data_stream,
  window_size: 252  # 1 year of trading days
)

      


      
        Summary


  
    Types
  


    
      
        stream_options()

      


    





  
    Functions
  


    
      
        backtest_stream(data_source, strategy, opts \\ [])

      


        Perform backtesting on a data stream with chunked processing.



    


    
      
        create_data_stream(source, opts \\ [])

      


        Create a memory-efficient data stream from various sources.



    


    
      
        rolling_window_stream(data_stream, window_size, step_size \\ 1)

      


        Create a rolling window stream from data.



    





      


      
        Types

        


  
    
      
    
    
      stream_options()



        
          
        

    

  


  

      

          @type stream_options() :: [
  chunk_size: integer(),
  window_size: integer(),
  overlap: integer(),
  buffer_size: integer(),
  memory_limit_mb: integer()
]


      



  


        

      

      
        Functions

        


    

  
    
      
    
    
      backtest_stream(data_source, strategy, opts \\ [])



        
          
        

    

  


  

      

          @spec backtest_stream(
  data_source :: String.t() | Enumerable.t(),
  strategy :: ExPostFacto.strategy(),
  opts :: keyword()
) :: {:ok, ExPostFacto.Output.t()} | {:error, String.t()}


      


Perform backtesting on a data stream with chunked processing.
Processes data in chunks to manage memory usage while maintaining strategy continuity.
Useful for very large datasets that would otherwise cause memory issues.
Parameters
	data_source - File path, stream, or enumerable data source
	strategy - Trading strategy to apply
	opts - Options for streaming and backtesting

Options
	:chunk_size - Number of data points per chunk (default: 1000)
	:window_size - Rolling window size for strategy context (default: 100)
	:overlap - Overlap between chunks for continuity (default: 10)
	:buffer_size - File reading buffer size (default: 8192)
	:memory_limit_mb - Memory limit in MB before forcing chunk processing (default: 100)

Example
{:ok, result} = ExPostFacto.Streaming.backtest_stream(
  "very_large_data.csv",
  {MyStrategy, []},
  chunk_size: 2000,
  window_size: 200,
  overlap: 50
)

  



    

  
    
      
    
    
      create_data_stream(source, opts \\ [])



        
          
        

    

  


  

      

          @spec create_data_stream(
  String.t() | Enumerable.t(),
  keyword()
) :: {:ok, Enumerable.t()} | {:error, String.t()}


      


Create a memory-efficient data stream from various sources.
Supports CSV files, JSON files, and other enumerable data sources with lazy loading.
Parameters
	source - Data source (file path or enumerable)
	opts - Options for stream creation

Options
	:format - Data format (:csv, :json, :auto) (default: :auto)
	:buffer_size - File reading buffer size (default: 8192)
	:headers - CSV headers if not in file (default: auto-detect)


  



    

  
    
      
    
    
      rolling_window_stream(data_stream, window_size, step_size \\ 1)



        
          
        

    

  


  

      

          @spec rolling_window_stream(Enumerable.t(), integer(), integer()) :: Enumerable.t()


      


Create a rolling window stream from data.
Creates a stream that yields rolling windows of data, useful for time series analysis
and strategies that need historical context.
Parameters
	data_stream - Input data stream
	window_size - Size of the rolling window
	step_size - Step size between windows (default: 1)

Example
data_stream
|> ExPostFacto.Streaming.rolling_window_stream(window_size: 20)
|> Stream.map(fn window -> analyze_window(window) end)
|> Enum.to_list()

  


        

      


  

    
ExPostFacto.TradeStats.CompilePairs 
    



      
Given a list of data points, group the enter and exit points into pairs.

      


      
        Summary


  
    Functions
  


    
      
        call!(result)

      


        Given a list of data points, group the enter and exit points into pairs. So,
match the :close_buy with the closest :buy and :close_sell with the closest
:sell.



    





      


      
        Functions

        


  
    
      
    
    
      call!(result)



        
          
        

    

  


  

      

          @spec call!(
  result :: %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  }
) ::
  %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  }
  | no_return()


      


Given a list of data points, group the enter and exit points into pairs. So,
match the :close_buy with the closest :buy and :close_sell with the closest
:sell.

  


        

      


  

    
ExPostFacto.TradeStats.DrawDown 
    



      
Calculate the draw down from trade pairs.
Example:
Max. Drawdown [%]                      -33.08
Avg. Drawdown [%]                       -5.58
Max. Drawdown Duration      688 days 00:00:00
Avg. Drawdown Duration       41 days 00:00:00

      


      
        Summary


  
    Functions
  


    
      
        call!(map)

      


    





      


      
        Functions

        


  
    
      
    
    
      call!(map)



        
          
        

    

  


  

      

          @spec call!(%ExPostFacto.Result{
  alpha: term(),
  annual_volatility: term(),
  average_draw_down_duration: term(),
  average_draw_down_percentage: term(),
  average_losing_trade: term(),
  average_trade_by_percentage: term(),
  average_trade_duration: term(),
  average_winning_trade: term(),
  best_trade_by_percentage: term(),
  beta: term(),
  cagr_pct: term(),
  calmar_ratio: term(),
  data_points: term(),
  duration: term(),
  end_date: term(),
  expectancy: term(),
  expectancy_pct: term(),
  gross_loss: term(),
  gross_profit: term(),
  information_ratio: term(),
  is_position_open: term(),
  kelly_criterion: term(),
  kelly_interpretation: term(),
  largest_losing_trade: term(),
  largest_winning_trade: term(),
  market_correlation: term(),
  max_draw_down: term(),
  max_draw_down_duration: term(),
  max_draw_down_percentage: term(),
  max_trade_duration: term(),
  profit_factor: term(),
  sharpe_ratio: term(),
  sortino_ratio: term(),
  sqn: term(),
  sqn_interpretation: term(),
  start_date: term(),
  starting_balance: term(),
  total_profit_and_loss: term(),
  total_return_pct: term(),
  tracking_error: term(),
  trade_pairs: [TradePair.t()],
  trades_count: term(),
  win_count: term(),
  win_rate: term(),
  worst_trade_by_percentage: term()
}) :: %ExPostFacto.TradeStats.DrawDown{
  average_duration: term(),
  average_percentage: term(),
  drawdown_count: term(),
  drawdown_percentage: term(),
  drawdown_sum: term(),
  max_duration: term(),
  max_percentage: term(),
  peak: term(),
  peak_time: term(),
  previous_drawdown_percentage: term(),
  total_duration: term()
}


      



  


        

      


  

    
ExPostFacto.TradeStats.Duration 
    



      
A module for comparing dates.

      


      
        Summary


  
    Functions
  


    
      
        call!(start_date, end_date)

      


        Given a string representing a start and end date, return the number of days
between the two points. Also handles DateTime structs.



    





      


      
        Functions

        


  
    
      
    
    
      call!(start_date, end_date)



        
          
        

    

  


  

      

          @spec call!(
  start_date :: String.t() | DateTime.t(),
  end_date :: String.t() | DateTime.t()
) ::
  number() | nil


      


Given a string representing a start and end date, return the number of days
between the two points. Also handles DateTime structs.

  


        

      


  

    
ExPostFacto.TradeStats.FinancialRatios 
    



      
Calculates various financial ratios for trading performance analysis.
This module provides calculations for:
	Sharpe Ratio: Risk-adjusted return relative to risk-free rate
	Sortino Ratio: Risk-adjusted return relative to downside volatility
	Calmar Ratio: Annual return relative to maximum drawdown


      


      
        Summary


  
    Functions
  


    
      
        annual_return_percentage(result)

      


        Calculates the annual return percentage.



    


    
      
        annual_volatility(result)

      


        Calculates annualized volatility based on trade returns.



    


    
      
        calmar_ratio(result)

      


        Calculates the Calmar ratio.



    


    
      
        downside_volatility(result)

      


        Calculates downside volatility (volatility of negative returns only).



    


    
      
        sharpe_ratio(result, risk_free_rate \\ 0.02)

      


        Calculates the Sharpe ratio.



    


    
      
        sortino_ratio(result, risk_free_rate \\ 0.02)

      


        Calculates the Sortino ratio.



    


    
      
        total_return_percentage(result)

      


        Calculates the total return percentage.



    





      


      
        Functions

        


  
    
      
    
    
      annual_return_percentage(result)



        
          
        

    

  


  

      

          @spec annual_return_percentage(
  result :: %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  }
) :: float()


      


Calculates the annual return percentage.
Annual Return = ((Final Value / Initial Value) ^ (365.25 / Days)) - 1) * 100

  



  
    
      
    
    
      annual_volatility(result)



        
          
        

    

  


  

      

          @spec annual_volatility(
  result :: %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  }
) :: float()


      


Calculates annualized volatility based on trade returns.

  



  
    
      
    
    
      calmar_ratio(result)



        
          
        

    

  


  

      

          @spec calmar_ratio(
  result :: %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  }
) :: float()


      


Calculates the Calmar ratio.
Calmar Ratio = Annual Return / |Maximum Drawdown|

  



  
    
      
    
    
      downside_volatility(result)



        
          
        

    

  


  

      

          @spec downside_volatility(
  result :: %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  }
) :: float()


      


Calculates downside volatility (volatility of negative returns only).

  



    

  
    
      
    
    
      sharpe_ratio(result, risk_free_rate \\ 0.02)



        
          
        

    

  


  

      

          @spec sharpe_ratio(
  result :: %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  },
  risk_free_rate :: float()
) :: float()


      


Calculates the Sharpe ratio.
Sharpe Ratio = (Annual Return - Risk Free Rate) / Annual Volatility
Parameters
	result: The backtest result containing trade pairs
	risk_free_rate: Annual risk-free rate (default: 0.02 for 2%)

Returns
Float representing the Sharpe ratio

  



    

  
    
      
    
    
      sortino_ratio(result, risk_free_rate \\ 0.02)



        
          
        

    

  


  

      

          @spec sortino_ratio(
  result :: %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  },
  risk_free_rate :: float()
) :: float()


      


Calculates the Sortino ratio.
Sortino Ratio = (Annual Return - Risk Free Rate) / Downside Volatility
Similar to Sharpe ratio but only considers downside volatility (negative returns).

  



  
    
      
    
    
      total_return_percentage(result)



        
          
        

    

  


  

      

          @spec total_return_percentage(
  result :: %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  }
) :: float()


      


Calculates the total return percentage.
Total Return = ((Final Value - Initial Value) / Initial Value) * 100

  


        

      


  

    
ExPostFacto.TradeStats.KellyCriterion 
    



      
Calculates the Kelly Criterion for optimal position sizing.
The Kelly Criterion helps determine the optimal fraction of capital to risk
on each trade to maximize long-term growth while minimizing the risk of ruin.
Kelly % = (bp - q) / b
Where:
	b = odds of winning (average win / average loss)
	p = probability of winning (win rate)
	q = probability of losing (1 - p)

Kelly Criterion interpretation:
	Positive value: Suggests the strategy has an edge
	Negative value: Suggests the strategy should be avoided
	0.25 (25%): Optimal fraction of capital to risk per trade
	Above 0.40: Usually considered too aggressive


      


      
        Summary


  
    Functions
  


    
      
        fractional_kelly(result, fraction \\ 0.25)

      


        Calculates a fractional Kelly criterion for more conservative position sizing.



    


    
      
        geometric_mean_return(result)

      


        Calculates the geometric mean return for the strategy.



    


    
      
        kelly_criterion(result)

      


        Calculates the Kelly Criterion percentage.



    


    
      
        kelly_interpretation(kelly)

      


        Returns a textual interpretation of the Kelly Criterion value.



    


    
      
        optimal_position_size(result, current_capital, fraction \\ 0.25)

      


        Calculates the optimal position size in dollar terms based on Kelly Criterion.



    


    
      
        risk_of_ruin(result, drawdown_limit \\ 0.2)

      


        Calculates the risk of ruin probability using simplified Kelly analysis.



    





      


      
        Functions

        


    

  
    
      
    
    
      fractional_kelly(result, fraction \\ 0.25)



        
          
        

    

  


  

      

          @spec fractional_kelly(
  result :: %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  },
  fraction :: float()
) :: float()


      


Calculates a fractional Kelly criterion for more conservative position sizing.
Many traders use a fraction of the Kelly percentage (e.g., 1/2 Kelly, 1/4 Kelly)
to reduce volatility while still capturing most of the growth benefit.
Parameters
	result: The backtest result containing trade pairs
	fraction: Fraction of Kelly to use (default: 0.25 for quarter Kelly)

Returns
Float representing the fractional Kelly percentage

  



  
    
      
    
    
      geometric_mean_return(result)



        
          
        

    

  


  

      

          @spec geometric_mean_return(
  result :: %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  }
) :: float()


      


Calculates the geometric mean return for the strategy.
This is useful for understanding the expected compound growth rate
when using Kelly sizing.

  



  
    
      
    
    
      kelly_criterion(result)



        
          
        

    

  


  

      

          @spec kelly_criterion(
  result :: %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  }
) :: float()


      


Calculates the Kelly Criterion percentage.
Parameters
	result: The backtest result containing trade pairs

Returns
Float representing the optimal fraction of capital to risk (0.25 = 25%)

  



  
    
      
    
    
      kelly_interpretation(kelly)



        
          
        

    

  


  

      

          @spec kelly_interpretation(kelly :: float()) :: String.t()


      


Returns a textual interpretation of the Kelly Criterion value.

  



    

  
    
      
    
    
      optimal_position_size(result, current_capital, fraction \\ 0.25)



        
          
        

    

  


  

      

          @spec optimal_position_size(
  result :: %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  },
  current_capital :: float(),
  fraction :: float()
) :: float()


      


Calculates the optimal position size in dollar terms based on Kelly Criterion.
Parameters
	result: The backtest result containing trade pairs
	current_capital: Current available capital
	fraction: Fraction of Kelly to use (default: 0.25)

Returns
Float representing the optimal position size in dollars

  



    

  
    
      
    
    
      risk_of_ruin(result, drawdown_limit \\ 0.2)



        
          
        

    

  


  

      

          @spec risk_of_ruin(
  result :: %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  },
  drawdown_limit :: float()
) :: float()


      


Calculates the risk of ruin probability using simplified Kelly analysis.
This gives an estimate of the probability of losing all capital
if the current strategy continues indefinitely.

  


        

      


  

    
ExPostFacto.TradeStats.MarketRisk 
    



      
Calculates market risk metrics for trading performance analysis.
This module provides calculations for:
	Alpha: Excess return over what would be expected given the market's performance
	Beta: Sensitivity of the strategy to market movements
	Correlation: Correlation coefficient with market benchmark
	Tracking Error: Standard deviation of excess returns
	Information Ratio: Alpha divided by tracking error

Note: These calculations require benchmark market data for comparison.
If no benchmark data is provided, simplified calculations are used.

      


      
        Summary


  
    Functions
  


    
      
        alpha(result, benchmark_return, risk_free_rate \\ 0.02)

      


        Calculates Alpha - the excess return over the expected return based on beta.



    


    
      
        beta(result, benchmark_return, risk_free_rate \\ 0.02)

      


        Calculates Beta - the sensitivity to market movements.



    


    
      
        information_ratio(result, benchmark_return, risk_free_rate \\ 0.02)

      


        Calculates Information Ratio - risk-adjusted measure of active return.



    


    
      
        market_correlation(result)

      


        Calculates the correlation coefficient with the market.



    


    
      
        relative_drawdown(result, benchmark_max_drawdown)

      


        Calculates the maximum drawdown relative to the benchmark.



    


    
      
        tracking_error(result, benchmark_return)

      


        Calculates tracking error - the standard deviation of excess returns.



    





      


      
        Functions

        


    

  
    
      
    
    
      alpha(result, benchmark_return, risk_free_rate \\ 0.02)



        
          
        

    

  


  

      

          @spec alpha(
  result :: %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  },
  benchmark_return :: float(),
  risk_free_rate :: float()
) :: float()


      


Calculates Alpha - the excess return over the expected return based on beta.
Alpha = Strategy Return - (Risk Free Rate + Beta * (Market Return - Risk Free Rate))
Parameters
	result: The backtest result
	benchmark_return: Annual return of the benchmark (e.g., S&P 500)
	risk_free_rate: Risk-free rate (default: 0.02 for 2%)

Returns
Float representing alpha as a percentage

  



    

  
    
      
    
    
      beta(result, benchmark_return, risk_free_rate \\ 0.02)



        
          
        

    

  


  

      

          @spec beta(
  result :: %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  },
  benchmark_return :: float(),
  risk_free_rate :: float()
) :: float()


      


Calculates Beta - the sensitivity to market movements.
Beta = Covariance(Strategy Returns, Market Returns) / Variance(Market Returns)
Parameters
	result: The backtest result
	benchmark_return: Annual return of the benchmark
	risk_free_rate: Risk-free rate (default: 0.02 for 2%)

Returns
Float representing beta
	Beta = 1.0: Same volatility as market
	Beta > 1.0: More volatile than market
	Beta < 1.0: Less volatile than market


  



    

  
    
      
    
    
      information_ratio(result, benchmark_return, risk_free_rate \\ 0.02)



        
          
        

    

  


  

      

          @spec information_ratio(
  result :: %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  },
  benchmark_return :: float(),
  risk_free_rate :: float()
) :: float()


      


Calculates Information Ratio - risk-adjusted measure of active return.
Information Ratio = Alpha / Tracking Error
Parameters
	result: The backtest result
	benchmark_return: Annual return of the benchmark
	risk_free_rate: Risk-free rate (default: 0.02 for 2%)

Returns
Float representing information ratio

  



  
    
      
    
    
      market_correlation(result)



        
          
        

    

  


  

      

          @spec market_correlation(
  result :: %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  }
) :: float()


      


Calculates the correlation coefficient with the market.
Parameters
	result: The backtest result

Returns
Float representing correlation (-1.0 to 1.0)

  



  
    
      
    
    
      relative_drawdown(result, benchmark_max_drawdown)



        
          
        

    

  


  

      

          @spec relative_drawdown(
  result :: %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  },
  benchmark_max_drawdown :: float()
) :: float()


      


Calculates the maximum drawdown relative to the benchmark.
Parameters
	result: The backtest result
	benchmark_max_drawdown: Maximum drawdown of the benchmark

Returns
Float representing relative drawdown

  



  
    
      
    
    
      tracking_error(result, benchmark_return)



        
          
        

    

  


  

      

          @spec tracking_error(
  result :: %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  },
  benchmark_return :: float()
) :: float()


      


Calculates tracking error - the standard deviation of excess returns.
Tracking Error = Standard Deviation(Strategy Returns - Benchmark Returns)
Parameters
	result: The backtest result
	benchmark_return: Annual return of the benchmark

Returns
Float representing tracking error as a percentage

  


        

      


  

    
ExPostFacto.TradeStats.ProfitMetrics 
    



      
Calculates profit-related metrics for trading performance analysis.
This module provides calculations for:
	Profit Factor: Ratio of gross profit to gross loss
	Expectancy: Average expected return per trade
	Expectancy Percentage: Average expected return per trade as percentage


      


      
        Summary


  
    Functions
  


    
      
        average_losing_trade(result)

      


        Calculates the average losing trade amount.



    


    
      
        average_winning_trade(result)

      


        Calculates the average winning trade amount.



    


    
      
        expectancy(result)

      


        Calculates the expectancy (average profit/loss per trade).



    


    
      
        expectancy_percentage(result)

      


        Calculates the expectancy as a percentage of the starting balance.



    


    
      
        gross_profit_and_loss(result)

      


        Calculates gross profit and gross loss separately.



    


    
      
        largest_losing_trade(result)

      


        Calculates the largest losing trade.



    


    
      
        largest_winning_trade(result)

      


        Calculates the largest winning trade.



    


    
      
        profit_factor(result)

      


        Calculates the profit factor.



    





      


      
        Functions

        


  
    
      
    
    
      average_losing_trade(result)



        
          
        

    

  


  

      

          @spec average_losing_trade(
  result :: %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  }
) :: float()


      


Calculates the average losing trade amount.

  



  
    
      
    
    
      average_winning_trade(result)



        
          
        

    

  


  

      

          @spec average_winning_trade(
  result :: %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  }
) :: float()


      


Calculates the average winning trade amount.

  



  
    
      
    
    
      expectancy(result)



        
          
        

    

  


  

      

          @spec expectancy(
  result :: %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  }
) :: float()


      


Calculates the expectancy (average profit/loss per trade).
Expectancy = Total Profit / Number of Trades

  



  
    
      
    
    
      expectancy_percentage(result)



        
          
        

    

  


  

      

          @spec expectancy_percentage(
  result :: %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  }
) :: float()


      


Calculates the expectancy as a percentage of the starting balance.
Expectancy % = (Expectancy / Starting Balance) * 100

  



  
    
      
    
    
      gross_profit_and_loss(result)



        
          
        

    

  


  

      

          @spec gross_profit_and_loss(
  result :: %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  }
) :: {float(), float()}


      


Calculates gross profit and gross loss separately.
Returns a tuple {gross_profit, gross_loss} where:
	gross_profit is the sum of all profitable trades
	gross_loss is the sum of all losing trades (negative value)


  



  
    
      
    
    
      largest_losing_trade(result)



        
          
        

    

  


  

      

          @spec largest_losing_trade(
  result :: %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  }
) :: float()


      


Calculates the largest losing trade.

  



  
    
      
    
    
      largest_winning_trade(result)



        
          
        

    

  


  

      

          @spec largest_winning_trade(
  result :: %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  }
) :: float()


      


Calculates the largest winning trade.

  



  
    
      
    
    
      profit_factor(result)



        
          
        

    

  


  

      

          @spec profit_factor(
  result :: %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  }
) :: float()


      


Calculates the profit factor.
Profit Factor = Gross Profit / |Gross Loss|
A profit factor > 1.0 indicates a profitable strategy.
A profit factor of 2.0 means the strategy makes $2 for every $1 lost.

  


        

      


  

    
ExPostFacto.TradeStats.SystemQuality 
    



      
Calculates the System Quality Number (SQN) for trading performance analysis.
The SQN measures the quality of a trading system by analyzing the distribution
of trade results. It was developed by Van Tharp and is used to evaluate
whether a trading system's performance is due to skill or luck.
SQN = (Average Trade Result / Standard Deviation of Trade Results) * sqrt(Number of Trades)
SQN Interpretation:
	Below 1.6: Poor system
	1.6 to 1.9: Below average but tradeable
	2.0 to 2.4: Average system
	2.5 to 2.9: Good system
	3.0 to 5.0: Excellent system
	5.0 to 6.9: Superb system
	Above 7.0: Too good to be true (likely curve-fitted)


      


      
        Summary


  
    Functions
  


    
      
        confidence_level(result)

      


        Calculates the confidence level for the SQN.



    


    
      
        sqn_interpretation(sqn)

      


        Returns a textual interpretation of the SQN value.



    


    
      
        system_quality_number(result)

      


        Calculates the System Quality Number (SQN).



    





      


      
        Functions

        


  
    
      
    
    
      confidence_level(result)



        
          
        

    

  


  

      

          @spec confidence_level(
  result :: %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  }
) :: float()


      


Calculates the confidence level for the SQN.
Higher confidence levels indicate more reliable results.

  



  
    
      
    
    
      sqn_interpretation(sqn)



        
          
        

    

  


  

      

          @spec sqn_interpretation(sqn :: float()) :: String.t()


      


Returns a textual interpretation of the SQN value.

  



  
    
      
    
    
      system_quality_number(result)



        
          
        

    

  


  

      

          @spec system_quality_number(
  result :: %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  }
) :: float()


      


Calculates the System Quality Number (SQN).
Parameters
	result: The backtest result containing trade pairs

Returns
Float representing the SQN value

  


        

      


  

    
ExPostFacto.TradeStats.TotalProfitAndLoss 
    



      
Calculates the total profit and loss for a result based on data points

      


      
        Summary


  
    Functions
  


    
      
        calculate!(list, total_profit_and_loss)

      


        Calculates the total profit and loss for a result based on data points. When
the number of trades is odd, i.e. there is not a close to match an open, then
the last trade is ignored.



    





      


      
        Functions

        


  
    
      
    
    
      calculate!(list, total_profit_and_loss)



        
          
        

    

  


  

      

          @spec calculate!(
  data_points :: list(),
  total_profit_and_loss :: float()
) :: float() | no_return()


      


Calculates the total profit and loss for a result based on data points. When
the number of trades is odd, i.e. there is not a close to match an open, then
the last trade is ignored.

  


        

      


  

    
ExPostFacto.TradeStats.TradeDuration 
    



      
This module calculates the max/average trade duration for a list of compiled
pairs.

      


      
        Summary


  
    Functions
  


    
      
        average!(map)

      


    


    
      
        max!(map)

      


    





      


      
        Functions

        


  
    
      
    
    
      average!(map)



        
          
        

    

  


  

      

          @spec average!(result :: ExPostFacto.Result.t()) :: float()


      



  



  
    
      
    
    
      max!(map)



        
          
        

    

  


  

      

          @spec max!(result :: ExPostFacto.Result.t()) :: float()


      



  


        

      


  

    
ExPostFacto.TradeStats.TradePair 
    



      
Given a list of data points, group the enter and exit points into pairs with
metadata.

      


      
        Summary


  
    Functions
  


    
      
        duration(arg1)

      


        Return the duration of the trade pair in days.



    


    
      
        new(exit_point, enter_point, previous_balance)

      


        Builds a new trade pair struct.



    


    
      
        result(map)

      


        Returns the result of the trade pair as an atom, :win, :loss, or :break_even.



    


    
      
        result_percentage(map)

      


        Returns the result of the trade pair as a float representing profit or loss as
a percentage of the balance before the trade.



    


    
      
        result_value(map)

      


        Returns the result of the trade pair as a float representing profit or loss.



    





      


      
        Functions

        


  
    
      
    
    
      duration(arg1)



        
          
        

    

  


  

      

          @spec duration(%ExPostFacto.TradeStats.TradePair{
  balance: term(),
  enter_point: term(),
  exit_point: term(),
  previous_balance: term()
}) :: float()


      


Return the duration of the trade pair in days.

  



  
    
      
    
    
      new(exit_point, enter_point, previous_balance)



        
          
        

    

  


  

      

          @spec new(ExPostFacto.DataPoint.t(), ExPostFacto.DataPoint.t(), float()) ::
  %ExPostFacto.TradeStats.TradePair{
    balance: term(),
    enter_point: term(),
    exit_point: term(),
    previous_balance: term()
  }


      


Builds a new trade pair struct.

  



  
    
      
    
    
      result(map)



        
          
        

    

  


  

      

          @spec result(%ExPostFacto.TradeStats.TradePair{
  balance: term(),
  enter_point: term(),
  exit_point: term(),
  previous_balance: term()
}) :: :win | :loss | :break_even


      


Returns the result of the trade pair as an atom, :win, :loss, or :break_even.

  



  
    
      
    
    
      result_percentage(map)



        
          
        

    

  


  

      

          @spec result_percentage(%ExPostFacto.TradeStats.TradePair{
  balance: term(),
  enter_point: term(),
  exit_point: term(),
  previous_balance: term()
}) :: float()


      


Returns the result of the trade pair as a float representing profit or loss as
a percentage of the balance before the trade.

  



  
    
      
    
    
      result_value(map)



        
          
        

    

  


  

      

          @spec result_value(%ExPostFacto.TradeStats.TradePair{
  balance: term(),
  enter_point: term(),
  exit_point: term(),
  previous_balance: term()
}) :: float()


          @spec result_value(%ExPostFacto.TradeStats.TradePair{
  balance: term(),
  enter_point: term(),
  exit_point: term(),
  previous_balance: term()
}) :: float()


      


Returns the result of the trade pair as a float representing profit or loss.

  


        

      


  

    
ExPostFacto.TradeStats.TradePercentage 
    



      
This module calculates the best/worst/average trade by percentage from the
compiled pairs.

      


      
        Summary


  
    Functions
  


    
      
        average!(map)

      


    


    
      
        best!(map)

      


    


    
      
        worst!(map)

      


    





      


      
        Functions

        


  
    
      
    
    
      average!(map)



        
          
        

    

  


  

      

          @spec average!(result :: ExPostFacto.Result.t()) :: float()


      



  



  
    
      
    
    
      best!(map)



        
          
        

    

  


  

      

          @spec best!(result :: ExPostFacto.Result.t()) :: float()


      



  



  
    
      
    
    
      worst!(map)



        
          
        

    

  


  

      

          @spec worst!(result :: ExPostFacto.Result.t()) :: float()


      



  


        

      


  

    
ExPostFacto.TradeStats.WinRate 
    



      
Calculates the win rate for a result based on data points

      


      
        Summary


  
    Functions
  


    
      
        calculate!(map)

      


    


    
      
        calculate_win_count!(trade_pairs)

      


    





      


      
        Functions

        


  
    
      
    
    
      calculate!(map)



        
          
        

    

  


  

      

          @spec calculate!(
  result :: %ExPostFacto.Result{
    alpha: term(),
    annual_volatility: term(),
    average_draw_down_duration: term(),
    average_draw_down_percentage: term(),
    average_losing_trade: term(),
    average_trade_by_percentage: term(),
    average_trade_duration: term(),
    average_winning_trade: term(),
    best_trade_by_percentage: term(),
    beta: term(),
    cagr_pct: term(),
    calmar_ratio: term(),
    data_points: term(),
    duration: term(),
    end_date: term(),
    expectancy: term(),
    expectancy_pct: term(),
    gross_loss: term(),
    gross_profit: term(),
    information_ratio: term(),
    is_position_open: term(),
    kelly_criterion: term(),
    kelly_interpretation: term(),
    largest_losing_trade: term(),
    largest_winning_trade: term(),
    market_correlation: term(),
    max_draw_down: term(),
    max_draw_down_duration: term(),
    max_draw_down_percentage: term(),
    max_trade_duration: term(),
    profit_factor: term(),
    sharpe_ratio: term(),
    sortino_ratio: term(),
    sqn: term(),
    sqn_interpretation: term(),
    start_date: term(),
    starting_balance: term(),
    total_profit_and_loss: term(),
    total_return_pct: term(),
    tracking_error: term(),
    trade_pairs: term(),
    trades_count: term(),
    win_count: term(),
    win_rate: term(),
    worst_trade_by_percentage: term()
  }
) :: float() | no_return()


      



  



  
    
      
    
    
      calculate_win_count!(trade_pairs)



        
          
        

    

  


  

      

          @spec calculate_win_count!(trade_pairs :: [ExPostFacto.TradeStats.TradePair.t()]) ::
  non_neg_integer()


      



  


        

      


  

    
ExPostFacto.Validation 
    



      
Enhanced validation and error handling for ExPostFacto.
This module provides comprehensive input validation, meaningful error messages,
strategy validation, runtime warnings for common issues, and debug mode support
to significantly improve the developer experience and make the library more robust.
Features
	Data validation with detailed error messages
	Strategy validation and common issue detection
	Runtime warnings for performance and correctness issues
	Debug mode for strategy development
	Context-aware error reporting


      


      
        Summary


  
    Types
  


    
      
        validation_context()

      


    


    
      
        validation_result()

      


    





  
    Functions
  


    
      
        check_runtime_warnings(result, options \\ [])

      


        Checks for runtime warnings during backtest execution.



    


    
      
        format_error(error)

      


        Provides detailed error context and debugging information.



    


    
      
        validate_data(data, options \\ [])

      


        Simple data validation for backward compatibility.
Delegates to validate_data_enhanced/2 with default options.



    


    
      
        validate_data_enhanced(data, options \\ [])

      


        Validates data with enhanced error reporting and suggestions.



    


    
      
        validate_options(options)

      


        Validates backtest options and detects potential issues.



    


    
      
        validate_strategy(strategy, options \\ [])

      


        Validates strategy configuration and detects common issues.



    





      


      
        Types

        


  
    
      
    
    
      validation_context()



        
          
        

    

  


  

      

          @type validation_context() :: %{
  data_points: non_neg_integer(),
  strategy: any(),
  options: keyword(),
  debug_mode: boolean()
}


      



  



  
    
      
    
    
      validation_result()



        
          
        

    

  


  

      

          @type validation_result() :: :ok | {:error, String.t()} | {:warning, String.t()}


      



  


        

      

      
        Functions

        


    

  
    
      
    
    
      check_runtime_warnings(result, options \\ [])



        
          
        

    

  


  

      

          @spec check_runtime_warnings(
  ExPostFacto.Result.t(),
  keyword()
) :: :ok | {:warning, String.t()}


      


Checks for runtime warnings during backtest execution.
This function analyzes backtest results and identifies potential issues
that might affect performance or correctness.
Examples
iex> result = %ExPostFacto.Result{trades_count: 0, starting_balance: 10000.0}
iex> ExPostFacto.Validation.check_runtime_warnings(result)
{:warning, "Unusual win rate (0.0%) - verify strategy logic"}

  



  
    
      
    
    
      format_error(error)



        
          
        

    

  


  

      

          @spec format_error(
  ExPostFacto.Validation.ValidationError.t()
  | ExPostFacto.Validation.StrategyError.t()
) :: String.t()


      


Provides detailed error context and debugging information.
Examples
iex> error = %ExPostFacto.Validation.ValidationError{
...>   message: "Invalid data",
...>   context: %{point_index: 5},
...>   suggestions: ["Check data source"]
...> }
iex> ExPostFacto.Validation.format_error(error)
"Invalid data\n\nContext: point_index: 5\n\nSuggestions:\n  - Check data source"

  



    

  
    
      
    
    
      validate_data(data, options \\ [])



        
          
        

    

  


  

      

          @spec validate_data(
  [map()],
  keyword()
) ::
  :ok
  | {:error, ExPostFacto.Validation.ValidationError.t()}
  | {:warning, String.t()}


      


Simple data validation for backward compatibility.
Delegates to validate_data_enhanced/2 with default options.

  



    

  
    
      
    
    
      validate_data_enhanced(data, options \\ [])



        
          
        

    

  


  

      

          @spec validate_data_enhanced(
  [map()],
  keyword()
) ::
  :ok
  | {:error, ExPostFacto.Validation.ValidationError.t()}
  | {:warning, String.t()}


      


Validates data with enhanced error reporting and suggestions.
Returns comprehensive validation results with detailed error messages,
context information, and actionable suggestions for fixing issues.
Options
	:debug - Enable debug mode for detailed validation logging
	:strict - Enable strict validation mode (more stringent checks)
	:context - Additional context for error reporting

Examples
iex> data = [%{open: 100.0, high: 105.0, low: 98.0, close: 102.0}]
iex> ExPostFacto.Validation.validate_data_enhanced(data)
{:warning, "No volume data detected - some strategies may require volume information"}

iex> invalid_data = [%{open: 100.0, high: 95.0, low: 98.0, close: 102.0}]
iex> ExPostFacto.Validation.validate_data_enhanced(invalid_data)
{:error, %ExPostFacto.Validation.ValidationError{
  message: "Invalid OHLC relationship in data point 0: high < low",
  context: %{high: 95.0, low: 98.0, point_index: 0},
  suggestions: ["Ensure high >= low for all data points", "Check data source for errors"]
}}

  



  
    
      
    
    
      validate_options(options)



        
          
        

    

  


  

      

          @spec validate_options(keyword()) ::
  :ok | {:error, String.t()} | {:warning, String.t()}


      


Validates backtest options and detects potential issues.
Examples
iex> ExPostFacto.Validation.validate_options([starting_balance: 10000.0])
:ok

iex> ExPostFacto.Validation.validate_options([starting_balance: -1000.0])
{:error, "Starting balance must be non-negative, got: -1000.0"}

  



    

  
    
      
    
    
      validate_strategy(strategy, options \\ [])



        
          
        

    

  


  

      

          @spec validate_strategy(
  ExPostFacto.strategy(),
  keyword()
) ::
  :ok
  | {:error, ExPostFacto.Validation.StrategyError.t()}
  | {:warning, String.t()}


      


Validates strategy configuration and detects common issues.
Performs comprehensive strategy validation including:
	Module existence and function availability
	Parameter validation for strategy behaviours
	Common configuration mistakes
	Performance considerations

Examples
iex> ExPostFacto.Validation.validate_strategy({ExPostFacto.ExampleStrategies.Noop, :noop, []})
{:warning, "Using no-operation strategy - this is typically for testing only"}

iex> ExPostFacto.Validation.validate_strategy({NonExistentModule, :call, []})
{:error, %ExPostFacto.Validation.StrategyError{
  message: "Module NonExistentModule does not exist",
  strategy: {NonExistentModule, :call, []},
  suggestions: [
    "Check module name spelling: NonExistentModule",
    "Ensure module is compiled and available",
    "Verify function exists: call/2",
    "Strategy function should accept (market_data, result, ...args)"
  ],
  debug_info: %{}
}}

  


        

      


  

    
ExPostFacto.BacktestError exception
    



      
General backtest error - consider using specific validation errors

      




  

    
ExPostFacto.DataValidationError exception
    



      
Legacy validation error - consider using ExPostFacto.Validation.ValidationError

      




  

    
ExPostFacto.InputData.InvalidInputDataError exception
    






  

    
ExPostFacto.Result.ResultCalculationError exception
    






  

    
ExPostFacto.Validation.StrategyError exception
    



      
Raised when strategy validation or execution fails

      




  

    
ExPostFacto.Validation.ValidationError exception
    



      
Raised when data validation fails
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