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    README
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  # Chainex 🔗
  
  **A powerful Elixir library for building LLM-powered applications**
  
  [![Hex.pm](https://img.shields.io/hexpm/v/chainex.svg)](https://hex.pm/packages/chainex)
  [![Documentation](https://img.shields.io/badge/docs-hexdocs-blue.svg)](https://hexdocs.pm/chainex)
  [![License](https://img.shields.io/hexpm/l/chainex.svg)](https://github.com/your-username/chainex/blob/main/LICENSE)
  [![Elixir CI](https://img.shields.io/badge/elixir-%E2%89%A5%201.18-purple.svg)](https://elixir-lang.org/)

A powerful Elixir library for building LLM-powered applications with a fluent, pipeline-based API. Chain together multiple LLMs, tools, and transformations to create sophisticated AI workflows.
Features
	🔗 Fluent Pipeline API - Leverage Elixir's pipe operator for readable AI workflows
	🎯 System Prompt First-Class - System prompts are part of your chain's identity
	🔄 Reusable Templates - Build once, run many times with different variables
	🤖 Multi-LLM Support - Chain OpenAI, Anthropic, Ollama, and more
	🛠️ Tool Integration - Connect LLMs to external tools and APIs
	📊 Output Parsers - Transform LLM responses into structured data
	💾 Memory & Context - Maintain conversation state across interactions
	⚡ Runtime Variables - Maximum flexibility with late-bound parameters

Installation
Add chainex to your list of dependencies in mix.exs:
def deps do
  [
    {:chainex, "~> 0.1.0"}
  ]
end
Then run:
mix deps.get

Getting Started
1. Configuration
Configure your LLM providers in config/config.exs:
config :chainex, Chainex.LLM,
  default_provider: :anthropic,
  anthropic: [
    api_key: {:system, "ANTHROPIC_API_KEY"},
    model: "claude-3-5-sonnet-20241022",
    base_url: "https://api.anthropic.com/v1",
    version: "2023-06-01"
  ],
  openai: [
    api_key: {:system, "OPENAI_API_KEY"},
    model: "gpt-4",
    base_url: "https://api.openai.com/v1"
  ],
  mock: [
    model: "mock-model"
  ]
2. Your First Chain
# Simple question answering
"What is {{topic}}?"
|> Chainex.Chain.new()
|> Chainex.Chain.llm(:openai)
|> Chainex.Chain.run(%{topic: "quantum computing"})
# => {:ok, "Quantum computing is a revolutionary computing paradigm..."}
3. Reusable Templates
Build once, run many times with different variables:
# Define once
translator = Chainex.Chain.new(
  system: "You are a professional translator specializing in {{field}}",
  user: "Translate '{{text}}' from {{from}} to {{to}}"
)
|> Chainex.Chain.llm(:anthropic)

# Use many times
translator |> Chainex.Chain.run(%{field: "medical", text: "headache", from: "English", to: "Spanish"})
translator |> Chainex.Chain.run(%{field: "legal", text: "contract", from: "English", to: "French"})
4. Pipeline Composition
Chain multiple operations together:
"{{content}}"
|> Chainex.Chain.new()
|> Chainex.Chain.prompt("Summarize this content: {{input}}")
|> Chainex.Chain.llm(:openai, model: "gpt-4")
|> Chainex.Chain.transform(fn summary -> 
  "Create a title for this summary: #{summary}"
end)
|> Chainex.Chain.llm(:anthropic)
|> Chainex.Chain.run(%{content: "Long article text..."})
5. Memory and Context
Build conversational applications:
# Personal assistant with memory
assistant = Chainex.Chain.new(
  system: "You are {{user_name}}'s personal assistant. Remember our conversation history.",
  user: "{{message}}"
)
|> Chainex.Chain.with_memory(:conversation)
|> Chainex.Chain.llm(:openai)

# First interaction
assistant |> Chainex.Chain.run(%{
  user_name: "Alice", 
  message: "Schedule a meeting for tomorrow",
  session_id: "user_123"
})

# Second interaction - remembers previous context
assistant |> Chainex.Chain.run(%{
  user_name: "Alice", 
  message: "What time did we schedule it for?",
  session_id: "user_123"
})
6. Error Handling
Build resilient applications:
# Robust chain with retry, timeout, and fallback
robust_chain = Chainex.Chain.new("{{user_request}}")
|> Chainex.Chain.with_retry(max_attempts: 3, delay: 1000)
|> Chainex.Chain.with_timeout(30_000)
|> Chainex.Chain.with_fallback("I apologize, but I'm experiencing technical difficulties. Please try again later.")
|> Chainex.Chain.llm(:openai)

# Always returns {:ok, result} - never fails completely
{:ok, response} = Chainex.Chain.run(robust_chain, %{user_request: "Help me with this task"})
Core Concepts
1. System Prompts as First-Class Citizens
System prompts define your LLM's personality and behavior:
# Expert consultant chain
Chain.new(
  system: "You are a {{domain}} expert with {{years}} years of experience",
  user: "Analyze {{subject}} and provide actionable insights"
)
|> Chain.llm(:openai)
|> Chain.run(%{
  domain: "cybersecurity", 
  years: 15,
  subject: "our network infrastructure"
})
2. Runtime Variable Resolution
Build reusable chains, execute with different data:
# Define once
translator = Chain.new(
  system: "You are a professional translator specializing in {{field}}",
  user: "Translate '{{text}}' from {{from}} to {{to}}"
)
|> Chain.llm(:anthropic)

# Use many times
translator |> Chain.run(%{field: "medical", text: "headache", from: "English", to: "Spanish"})
translator |> Chain.run(%{field: "legal", text: "contract", from: "English", to: "French"})
translator |> Chain.run(%{field: "technical", text: "database", from: "English", to: "Japanese"})
3. Pipeline Composition
Chain operations with different prompts for different LLMs:
# Multi-LLM analysis with specialized prompts
"{{raw_content}}"
|> Chain.new()
|> Chain.prompt("As an expert analyst, extract key insights from: {{input}}")
|> Chain.llm(:openai, model: "gpt-4")
|> Chain.transform(fn insights -> 
  # Take the insights from OpenAI and prepare them for critical review
  "Previous analysis: #{insights}. Now provide a critical review and identify potential biases or gaps."
end)
|> Chain.llm(:anthropic, model: "claude-3-opus") 
|> Chain.transform(fn review ->
  # Combine previous review with synthesis instructions for final LLM
  "Synthesis task: Combine the insights and critical review into a balanced report with actionable recommendations."
end)
|> Chain.llm(:ollama, model: "llama2")
|> Chain.parse(:structured, schema: %{insights: [:string], concerns: [:string], recommendations: [:string]})
|> Chain.run(%{raw_content: "Market research data..."})
Usage Examples
Multi-Expert Analysis
Get multiple perspectives on the same topic:
# Define expert perspectives
expert_analysis = fn role ->
  Chain.new(
    system: "You are a {{role}} expert. Analyze from your professional perspective.",
    user: "Evaluate: {{subject}}"
  )
  |> Chain.llm(:openai)
end

# Get different viewpoints
subject = "implementing AI in healthcare"

technical_view = expert_analysis.("software architect") |> Chain.run(%{subject: subject})
business_view = expert_analysis.("business strategist") |> Chain.run(%{subject: subject})  
ethical_view = expert_analysis.("medical ethicist") |> Chain.run(%{subject: subject})

# Synthesize perspectives
[technical_view, business_view, ethical_view]
|> Chain.new()
|> Chain.transform(fn analyses -> 
  # Combine all expert analyses into a single prompt for synthesis
  combined_text = Enum.join(analyses, "\n\n")
  "Synthesize these expert analyses: #{combined_text}"
end)
|> Chain.llm(:anthropic)
|> Chain.run()
Smart Data Processing with JSON Maps and Structs
Extract and validate complex structured data with flexible output formats:
# Define struct modules for type safety
defmodule CompanyAnalysis do
  defstruct [:company, :financials, :key_metrics, :analysis_timestamp]
  
  defmodule Company do
    defstruct [:name, :industry, :founded, :headquarters]
    
    defmodule Headquarters do
      defstruct [:city, :country, :coordinates]
      
      defmodule Coordinates do
        defstruct [:lat, :lng]
      end
    end
  end
  
  defmodule Financials do
    defstruct [:revenue, :employees, :funding_rounds]
    
    defmodule Revenue do
      defstruct [:amount, :currency, :period]
    end
    
    defmodule FundingRound do
      defstruct [:round, :amount, :date, :investors]
    end
  end
  
  defmodule KeyMetrics do
    defstruct [:market_share, :growth_rate, :customer_satisfaction, :competitive_advantages]
  end
end

# Use struct parsing for strong typing
"{{company_info}}"
|> Chain.new()
|> Chain.prompt("Analyze the following company information: {{input}}")
|> Chain.llm(:openai)
|> Chain.parse(:struct, CompanyAnalysis)
|> Chain.transform(fn analysis -> 
  # Now working with strongly typed structs
  %{analysis | analysis_timestamp: DateTime.utc_now()}
end)
|> Chain.run(%{company_info: "Tesla Inc. is an electric vehicle manufacturer..."})
# Returns: {:ok, %CompanyAnalysis{company: %CompanyAnalysis.Company{...}}}

# Alternative: Map schema for simpler validation
company_analysis_schema = %{
  company: %{
    name: :string,
    industry: :string,
    founded: :integer,
    headquarters: %{
      city: :string,
      country: :string,
      coordinates: %{
        lat: :float,
        lng: :float
      }
    }
  },
  financials: %{
    revenue: %{
      amount: :float,
      currency: :string,
      period: :string
    },
    employees: :integer,
    funding_rounds: [%{
      round: :string,
      amount: :float,
      date: :string,
      investors: [:string]
    }]
  },
  key_metrics: %{
    market_share: :float,
    growth_rate: :float,
    customer_satisfaction: :float,
    competitive_advantages: [:string]
  }
}

"{{company_info}}"
|> Chain.new()
|> Chain.prompt("Analyze the following company information: {{input}}")
|> Chain.llm(:openai)
|> Chain.parse(:json, company_analysis_schema)
|> Chain.transform(fn analysis -> 
  # Working with validated map data
  %{
    company: normalize_company_data(analysis["company"]),
    financials: calculate_financial_ratios(analysis["financials"]),
    key_metrics: enrich_metrics(analysis["key_metrics"]),
    analysis_timestamp: DateTime.utc_now()
  }
end)
|> Chain.run(%{company_info: "Tesla Inc. is an electric vehicle manufacturer..."})
# Returns: {:ok, %{"company" => %{"name" => "Tesla Inc", ...}}}

# Product catalog with struct parsing
defmodule ProductCatalog do
  defstruct [:products, :metadata]
  
  defmodule Product do
    defstruct [:id, :name, :category, :price, :specifications, :availability]
    
    defmodule Price do
      defstruct [:amount, :currency, :discount]
      
      defmodule Discount do
        defstruct [:percentage, :valid_until]
      end
    end
    
    defmodule Specifications do
      defstruct [:dimensions, :weight, :features, :compatibility]
      
      defmodule Dimensions do
        defstruct [:length, :width, :height, :unit]
      end
      
      defmodule Weight do
        defstruct [:value, :unit]
      end
      
      defmodule Compatibility do
        defstruct [:platform, :versions]
      end
    end
    
    defmodule Availability do
      defstruct [:in_stock, :quantity, :warehouses]
      
      defmodule Warehouse do
        defstruct [:location, :stock_level]
      end
    end
  end
  
  defmodule Metadata do
    defstruct [:total_products, :last_updated, :data_source]
  end
end

"{{catalog_data}}"
|> Chain.new()
|> Chain.llm(:openai)
|> Chain.parse(:struct, ProductCatalog)
|> Chain.transform(fn catalog ->
  # Process nested struct data with type safety
  processed_products = catalog.products
  |> Enum.map(fn product ->
    %{product | 
      name: String.trim(product.name),
      price: normalize_price_struct(product.price),
      specifications: flatten_spec_struct(product.specifications)
    }
  end)
  
  %{catalog | 
    products: processed_products,
    metadata: %{catalog.metadata | last_updated: DateTime.utc_now()}
  }
end)
|> Chain.run(%{catalog_data: "Extensive product listing with specifications..."})

# Alternative: Map-based product schema
product_schema = %{
  products: [%{
    id: :string,
    name: :string,
    category: :string,
    price: %{
      amount: :float,
      currency: :string,
      discount: %{
        percentage: :float,
        valid_until: :string
      }
    },
    specifications: %{
      dimensions: %{
        length: :float,
        width: :float,
        height: :float,
        unit: :string
      },
      weight: %{
        value: :float,
        unit: :string
      },
      features: [:string],
      compatibility: [%{
        platform: :string,
        versions: [:string]
      }]
    },
    availability: %{
      in_stock: :boolean,
      quantity: :integer,
      warehouses: [%{
        location: :string,
        stock_level: :integer
      }]
    }
  }],
  metadata: %{
    total_products: :integer,
    last_updated: :string,
    data_source: :string
  }
}

"{{catalog_data}}"
|> Chain.new()
|> Chain.llm(:openai)
|> Chain.parse(:json, schema: product_schema)
|> Chain.transform(fn catalog ->
  # Process nested product data
  processed_products = catalog["products"]
  |> Enum.map(fn product ->
    %{
      id: product["id"],
      name: String.trim(product["name"]),
      normalized_price: normalize_pricing(product["price"]),
      specs: flatten_specifications(product["specifications"]),
      stock_info: calculate_total_stock(product["availability"])
    }
  end)
  
  %{
    products: processed_products,
    summary: generate_catalog_summary(processed_products),
    processed_at: DateTime.utc_now()
  }
end)
|> Chain.run(%{catalog_data: "Extensive product listing with specifications..."})

# Nested user profile extraction
user_profile_schema = %{
  user: %{
    personal: %{
      name: %{
        first: :string,
        last: :string,
        preferred: :string
      },
      contact: %{
        email: :string,
        phone: %{
          primary: :string,
          secondary: :string
        },
        address: %{
          street: :string,
          city: :string,
          state: :string,
          postal_code: :string,
          country: :string
        }
      }
    },
    professional: %{
      current_position: %{
        title: :string,
        company: :string,
        department: :string,
        start_date: :string
      },
      experience: [%{
        title: :string,
        company: :string,
        duration: :string,
        responsibilities: [:string]
      }],
      skills: [%{
        name: :string,
        proficiency: :string,
        years_experience: :integer,
        certifications: [:string]
      }]
    },
    preferences: %{
      communication: %{
        preferred_method: :string,
        timezone: :string,
        availability: %{
          days: [:string],
          hours: %{
            start: :string,
            end: :string
          }
        }
      },
      interests: [:string],
      goals: [%{
        category: :string,
        description: :string,
        target_date: :string,
        priority: :string
      }]
    }
  }
}

"{{user_data}}"
|> Chain.new()
|> Chain.llm(:openai)
|> Chain.parse(:json, schema: user_profile_schema)
|> Chain.transform(fn profile ->
  # Extract and structure nested user information
  user = profile["user"]
  
  %{
    id: generate_user_id(user["personal"]["name"]),
    display_name: get_preferred_name(user["personal"]["name"]),
    contact_score: calculate_contact_completeness(user["personal"]["contact"]),
    career_level: assess_career_level(user["professional"]),
    skill_matrix: build_skill_matrix(user["professional"]["skills"]),
    engagement_profile: analyze_preferences(user["preferences"]),
    data_quality: assess_profile_quality(user)
  }
end)
|> Chain.run(%{user_data: "Complete user profile information including contact details..."})
Intelligent Tool Usage
Let LLMs decide when and how to use tools:
# Define tools first
weather_tool = Tool.new(
  name: "get_weather",
  description: "Get current weather information for any location",
  parameters: %{
    location: %{type: "string", description: "City name or coordinates", required: true},
    units: %{type: "string", enum: ["celsius", "fahrenheit"], default: "celsius"}
  },
  function: fn params ->
    case WeatherAPI.get_current(params.location, params.units) do
      {:ok, weather} -> 
        "#{params.location}: #{weather.temp}°#{String.upcase(params.units)}, #{weather.description}"
      {:error, reason} -> 
        "Weather data unavailable: #{reason}"
    end
  end
)

calculator_tool = Tool.new(
  name: "calculate",
  description: "Perform mathematical calculations and unit conversions",
  parameters: %{
    expression: %{type: "string", description: "Math expression or conversion", required: true}
  },
  function: fn params ->
    case MathParser.evaluate(params.expression) do
      {:ok, result} -> "#{params.expression} = #{result}"
      {:error, reason} -> "Calculation error: #{reason}"
    end
  end
)

# Weather assistant with tools
Chain.new(
  system: "You can check weather and perform calculations. Use tools when needed.",
  user: "{{user_request}}"
)
|> Chain.with_tools([weather_tool, calculator_tool])
|> Chain.llm(:openai, tools: :auto)
|> Chain.run(%{user_request: "What's the weather in Tokyo and convert 25°C to Fahrenheit?"})
# LLM automatically calls weather tool and calculator
Conversational Memory
Build chatbots that remember context:
# Personal assistant with memory
personal_assistant = Chain.new(
  system: "You are {{user_name}}'s personal assistant. Remember our conversation history.",
  user: "{{message}}"
)
|> Chain.with_memory(:conversation)
|> Chain.llm(:openai)

# Conversation with memory
personal_assistant 
|> Chain.with_session("user_123")
|> Chain.run(%{user_name: "Alice", message: "Schedule a meeting for tomorrow"})

personal_assistant
|> Chain.with_session("user_123")  
|> Chain.run(%{user_name: "Alice", message: "What time did we schedule it for?"})
# Remembers the previous scheduling request
Content Generation Pipeline
Multi-stage content creation:
# Blog post generator
"{{topic}}"
|> Chain.new()
|> Chain.prompt("Research and outline key points about: {{input}}")
|> Chain.llm(:openai, model: "gpt-4")
|> Chain.transform(fn outline -> 
  # Convert outline into detailed writing instructions
  "Write a detailed blog post based on: #{outline}"
end)
|> Chain.llm(:anthropic, model: "claude-3-opus")
|> Chain.transform(fn draft -> 
  # Prepare draft for editing phase with specific improvement instructions
  "Edit and improve this draft for clarity, flow, and engagement: #{draft}"
end)
|> Chain.llm(:openai, model: "gpt-4")
|> Chain.parse(:json, schema: %{title: :string, content: :string, tags: [:string]})
|> Chain.run(%{topic: "sustainable energy solutions"})
Code Analysis and Review
Automated code review pipeline:
# Code review chain
"{{code}}"
|> Chain.new()
|> Chain.prompt("""
  Analyze this {{language}} code for:
  1. Bugs and potential issues
  2. Performance optimizations  
  3. Best practices adherence
  4. Security concerns
  
  Code: {{input}}
  """)
|> Chain.llm(:openai, model: "gpt-4")
|> Chain.transform(fn analysis -> 
  # Take the analysis and prepare it for improvement suggestions
  "Based on this code analysis, suggest specific improvements: #{analysis}"
end)
|> Chain.llm(:anthropic)
|> Chain.parse(:json, schema: %{
  issues: [%{type: :string, severity: :string, description: :string}],
  suggestions: [:string],
  overall_score: :integer
})
|> Chain.run(%{code: python_function, language: "Python"})
Multi-Language Support
Build international applications:
# Multilingual customer support
customer_support = Chain.new(
  system: """
  You are a customer support agent for {{company}}.
  Respond in {{language}} with a {{tone}} tone.
  Company context: {{company_info}}
  """,
  user: "Customer inquiry: {{inquiry}}"
)
|> Chain.llm(:anthropic)
|> Chain.transform(fn response, vars -> 
  # Translate response if target language is not English
  if vars.language != "English" do
    # Call translation service or LLM for translation
    "Translate this response to #{vars.language}: #{response}"
  else
    response
  end
end)

# Handle inquiries in different languages
customer_support |> Chain.run(%{
  company: "TechCorp",
  language: "Spanish", 
  tone: "friendly",
  company_info: "We sell software solutions",
  inquiry: "My account is locked"
})

customer_support |> Chain.run(%{
  company: "TechCorp", 
  language: "Japanese",
  tone: "formal",
  company_info: "We sell software solutions", 
  inquiry: "Billing question"
})
Batch Processing
Process multiple items efficiently:
# Document summarizer
summarizer = Chain.new(
  system: "You are an expert at creating concise, accurate summaries",
  user: "Summarize this {{doc_type}}: {{content}}"
)
|> Chain.llm(:openai)
|> Chain.parse(:json, schema: %{
  summary: :string,
  key_points: [:string],
  word_count: :integer
})

# Process multiple documents
documents = [
  %{type: "research paper", content: "..."},
  %{type: "news article", content: "..."},
  %{type: "legal brief", content: "..."}
]

summaries = documents
|> Task.async_stream(fn doc ->
  summarizer |> Chain.run(%{doc_type: doc.type, content: doc.content})
end, max_concurrency: 5)
|> Enum.map(fn {:ok, result} -> result end)
Advanced Error Handling
Build resilient chains:
# Fault-tolerant analysis chain
"{{complex_data}}"
|> Chain.new()
|> Chain.llm(:openai, retries: 3, backoff: :exponential)
|> Chain.on_error(fn 
  {:llm_error, :timeout} -> {:ok, "Analysis temporarily unavailable"}
  {:llm_error, :rate_limit} -> {:retry_after, 60}
  error -> {:fallback, "Error occurred: #{inspect(error)}"}
end)
|> Chain.llm(:anthropic)  # Fallback LLM
|> Chain.parse(:json, on_error: :return_raw)
|> Chain.run(%{complex_data: large_dataset})
Parallel Processing
Execute multiple LLM calls simultaneously:
# Parallel sentiment analysis
"{{text_to_analyze}}"
|> Chain.new()
|> Chain.parallel([
  # Different models analyze in parallel
  Chain.llm(:openai, model: "gpt-3.5-turbo"),
  Chain.llm(:anthropic, model: "claude-3-haiku"), 
  Chain.llm(:ollama, model: "llama2")
])
|> Chain.combine(fn [result1, result2, result3] ->
  # Aggregate sentiment scores from multiple models
  scores = [result1, result2, result3]
  |> Enum.map(&extract_sentiment_score/1)
  |> Enum.filter(&is_number/1)
  
  avg_score = Enum.sum(scores) / length(scores)
  confidence = calculate_confidence(scores)
  
  %{sentiment_score: avg_score, confidence: confidence, individual_scores: scores}
end)
|> Chain.run(%{text_to_analyze: "Customer feedback text"})
Configuration-Driven Chains
Build flexible, configurable workflows:
# Define chain configuration
analysis_config = %{
  system: "You are a {{analysis_type}} expert",
  user: "Analyze: {{content}}",
  steps: [
    {:llm, :openai, model: "gpt-4"},
    {:parse, :json},
    {:validate, :analysis_schema},
    {:transform, &format_analysis_result/1}
  ],
  fallback_llm: :anthropic,
  required_vars: [:analysis_type, :content]
}

# Create chain from configuration
analysis_chain = Chain.from_config(analysis_config)

# Use with different analysis types
analysis_chain |> Chain.run(%{analysis_type: "financial", content: earnings_report})
analysis_chain |> Chain.run(%{analysis_type: "sentiment", content: social_media_posts})
analysis_chain |> Chain.run(%{analysis_type: "technical", content: system_logs})
Testing Your Chains
defmodule MyApp.ChainTest do
  use ExUnit.Case
  import Chainex.Chain

  test "expert analysis handles different domains" do
    expert_chain = Chain.new(
      system: "You are a {{domain}} expert",
      user: "Explain {{topic}}"
    )
    |> Chain.llm(:mock)  # Use mock for testing
    
    # Test different domains
    tech_result = expert_chain |> Chain.run(%{domain: "technology", topic: "AI"})
    medical_result = expert_chain |> Chain.run(%{domain: "medical", topic: "vaccines"})
    
    assert {:ok, _} = tech_result
    assert {:ok, _} = medical_result
  end

  test "parsing handles malformed responses" do
    "Extract data"
    |> Chain.new()
    |> Chain.llm(:mock_malformed)
    |> Chain.parse(:json, on_error: :return_raw)
    |> Chain.run()
    |> case do
      {:ok, raw_text} -> assert is_binary(raw_text)
      {:error, _} -> flunk("Should have returned raw text on parse error")
    end
  end
end
Advanced Configuration
For basic setup, see the Getting Started section above. Here are additional configuration options:
config :chainex,
  providers: %{
    openai: [
      api_key: System.get_env("OPENAI_API_KEY"),
      base_url: "https://api.openai.com/v1",
      default_model: "gpt-4"
    ],
    anthropic: [
      api_key: System.get_env("ANTHROPIC_API_KEY"), 
      base_url: "https://api.anthropic.com/v1",
      default_model: "claude-3-opus-20240229"
    ],
    ollama: [
      base_url: "http://localhost:11434",
      default_model: "llama2"
    ]
  },
  # Global defaults
  default_provider: :openai,
  timeout: 30_000,
  retries: 3,
  
  # Memory configuration
  memory: %{
    default_type: :conversation,
    ets_table_name: :chainex_memory,
    max_entries: 1000,
    auto_prune: true
  },
  
  # Tool configuration  
  tools: %{
    timeout: 10_000,
    parallel_execution: true,
    max_concurrent_tools: 5
  }
Advanced Features
Custom Parsers
Create domain-specific parsers:
# Custom email parser
email_parser = fn text ->
  emails = Regex.scan(~r/[\w._%+-]+@[\w.-]+\.[A-Za-z]{2,}/, text)
  {:ok, List.flatten(emails)}
end

"Find emails in: {{text}}"
|> Chain.new()
|> Chain.llm(:openai)
|> Chain.parse(email_parser)
|> Chain.run(%{text: "Contact john@example.com or mary@company.org"})
# => {:ok, ["john@example.com", "mary@company.org"]}
Advanced Tool Patterns
Complex tool usage scenarios:
# Tool chaining - research assistant
research_assistant = Chain.new(
  system: """
  You are a research assistant. When asked to research a topic:
  1. Search for information
  2. Analyze the results
  3. Generate a summary report
  Use tools in sequence to complete the research.
  """,
  user: "{{research_request}}"
)
|> Chain.with_tools([
  search_tool,      # Searches web/database
  analyze_tool,     # Analyzes found content
  summarize_tool,   # Creates summary
  citation_tool     # Formats citations
])
|> Chain.llm(:openai, tools: :auto, parallel_tool_calls: true)

# The LLM will intelligently chain tools together
research_assistant |> Chain.run(%{
  research_request: "Latest developments in quantum computing with peer-reviewed sources"
})

# Role-based tool access
def build_user_chain(user) do
  available_tools = case user.role do
    :admin -> 
      [user_management_tool, system_config_tool, audit_log_tool] ++ basic_tools
    :analyst ->
      [data_query_tool, visualization_tool, export_tool] ++ basic_tools
    :support ->
      [ticket_tool, customer_lookup_tool, kb_search_tool] ++ basic_tools
    _ ->
      basic_tools  # read-only tools
  end
  
  Chain.new(
    system: "You are a {{role}} assistant with appropriate tool access",
    user: "{{request}}"
  )
  |> Chain.with_tools(available_tools)
  |> Chain.llm(:openai, tools: :auto)
  |> Chain.with_metadata(%{user_id: user.id, role: user.role})
end

# Tool with confirmation for sensitive operations
payment_tool = Tool.new(
  name: "process_payment",
  description: "Process a payment transaction (requires confirmation)",
  parameters: %{
    "amount" => %{type: "number", required: true, minimum: 0.01},
    "currency" => %{type: "string", enum: ["USD", "EUR", "GBP"], required: true},
    "recipient" => %{type: "string", required: true},
    "description" => %{type: "string", required: true}
  },
  function: fn params ->
    # Generate preview
    preview = """
    Payment Preview:
    Amount: #{params["amount"]} #{params["currency"]}
    To: #{params["recipient"]}
    Description: #{params["description"]}
    """
    
    # Require explicit confirmation
    case PaymentConfirmation.request(preview) do
      {:confirmed, auth_code} ->
        case PaymentAPI.process(params, auth_code) do
          {:ok, transaction_id} -> 
            "Payment processed successfully. Transaction ID: #{transaction_id}"
          {:error, reason} -> 
            "Payment failed: #{reason}"
        end
      :cancelled ->
        "Payment cancelled by user"
      :timeout ->
        "Payment confirmation timed out"
    end
  end,
  metadata: %{
    requires_confirmation: true,
    sensitive: true,
    audit_log: true
  }
)

# Streaming tool for long operations
report_generation_tool = Tool.new(
  name: "generate_report",
  description: "Generate detailed analysis report (may take time)",
  parameters: %{
    "data_source" => %{type: "string", required: true},
    "report_type" => %{
      type: "string",
      enum: ["summary", "detailed", "executive"],
      required: true
    },
    "format" => %{type: "string", enum: ["pdf", "html", "markdown"], default: "pdf"}
  },
  function: fn params ->
    # Return a stream for progress updates
    Stream.unfold(
      ReportGenerator.start(params),
      fn
        :done -> nil
        state ->
          case ReportGenerator.next_section(state) do
            {:ok, section, new_state} ->
              {section, new_state}
            :complete ->
              {ReportGenerator.finalize(state), :done}
          end
      end
    )
    |> Enum.to_list()
    |> Enum.join("\n")
  end
)

# Tool middleware for security and monitoring
defmodule SecureToolChain do
  def create(tools) do
    secured_tools = Enum.map(tools, fn tool ->
      %{tool | 
        function: wrap_with_middleware(
          tool.function,
          [
            &rate_limit/2,
            &audit_log/2,
            &validate_permissions/2,
            &sanitize_inputs/2
          ]
        )
      }
    end)
    
    Chain.new(
      system: "You are a secure assistant. All tool usage is monitored.",
      user: "{{request}}"
    )
    |> Chain.with_tools(secured_tools)
    |> Chain.llm(:openai, tools: :auto)
  end
  
  defp wrap_with_middleware(func, middleware) do
    fn params ->
      Enum.reduce_while(middleware, {:ok, params}, fn mw, {:ok, p} ->
        case mw.(p) do
          {:ok, processed} -> {:cont, {:ok, processed}}
          {:error, _} = error -> {:halt, error}
        end
      end)
      |> case do
        {:ok, final_params} -> func.(final_params)
        error -> error
      end
    end
  end
end

# Workflow automation tool
workflow_tool = Tool.new(
  name: "execute_workflow",
  description: "Execute a predefined workflow with multiple steps",
  parameters: %{
    "workflow_name" => %{
      type: "string",
      enum: ["onboard_customer", "process_order", "generate_report"],
      required: true
    },
    "parameters" => %{type: "object", required: true}
  },
  function: fn params ->
    workflow = WorkflowRegistry.get(params["workflow_name"])
    
    result = workflow.steps
    |> Enum.reduce_while(%{input: params["parameters"], outputs: []}, fn step, acc ->
      case execute_workflow_step(step, acc) do
        {:ok, output} ->
          {:cont, %{acc | outputs: acc.outputs ++ [output]}}
        {:error, reason} ->
          {:halt, {:error, "Workflow failed at #{step.name}: #{reason}"}}
      end
    end)
    
    case result do
      %{outputs: outputs} -> 
        "Workflow completed successfully: #{format_outputs(outputs)}"
      {:error, _} = error -> 
        error
    end
  end
)
Custom Tools
weather_tool = Tool.new(
  name: "get_weather",
  description: "Get current weather for a location",
  parameters: %{
    location: %{type: :string, required: true},
    units: %{type: :string, enum: ["celsius", "fahrenheit"], default: "celsius"}
  },
  function: fn %{location: location, units: units} ->
    # Call weather API
    WeatherAPI.get_current(location, units)
  end
)

"What's the weather like?"
|> Chain.new()
|> Chain.with_tools([weather_tool])
|> Chain.tool(:get_weather, location: "{{city}}", units: "{{units}}")
|> Chain.run(%{city: "San Francisco", units: "celsius"})
Chain Composition
Build complex workflows from simpler chains:
# Reusable components
research_chain = Chain.new("Research {{topic}}")
                |> Chain.llm(:openai)

writing_chain = Chain.new("Write about {{topic}} based on: {{research}}")
               |> Chain.llm(:anthropic)

editing_chain = Chain.new("Edit and improve: {{draft}}")
               |> Chain.llm(:openai)

# Compose them
full_pipeline = Chain.new("{{topic}}")
               |> Chain.sub_chain(research_chain, %{topic: "{{input}}"})
               |> Chain.sub_chain(writing_chain, %{topic: "{{input}}", research: "{{:from_previous}}"})
               |> Chain.sub_chain(editing_chain, %{draft: "{{:from_previous}}"})

full_pipeline |> Chain.run(%{topic: "sustainable agriculture"})
Performance Tips
	Reuse chains: Build once, run many times
	Use appropriate models: Not every task needs GPT-4
	Batch similar requests: Process multiple items together
	Cache results: Use memory for repeated queries
	Stream responses: For long-running generations
	Parallel execution: Run independent steps concurrently

Contributing
We welcome contributions! Please see CONTRIBUTING.md for guidelines.
License
This project is licensed under the MIT License - see the LICENSE file for details.
Links
	📖 Documentation
	🐛 Issues  
	💬 Discussions


Built with ❤️ in Elixir. Perfect for building the next generation of AI-powered applications.


  

    Changelog

All notable changes to this project will be documented in this file.
The format is based on Keep a Changelog,
and this project adheres to Semantic Versioning.
[0.1.0] - 2024-08-10
Added
Core Features
	Chain Building System - Fluent, pipeable API for composing LLM workflows
	Multiple LLM Providers - Support for OpenAI, Anthropic, and Ollama
	Template System - Dynamic prompt templates with variable substitution
	Transform Steps - Data transformation between chain steps

Memory Systems
	Conversation Memory - ETS-backed conversational memory for maintaining chat context
	Persistent Memory - File and database-backed memory that survives application restarts
	Buffer Memory - Simple key-value memory for temporary data
	Vector Memory - Placeholder for future vector-based memory support
	Memory Pruning - LRU, LFU, TTL, and hybrid pruning strategies with auto-pruning
	Database Integration - Full Ecto support for persistent memory with any database

Tool Integration
	Tool Definition API - Define custom tools with parameters and validation
	Automatic Tool Calling - LLM-driven tool selection and execution
	Manual Tool Calling - Explicit tool calls within chains
	Tool Parameters - Type-safe parameter validation and conversion

Parsing & Data Extraction
	JSON Parsing - Parse LLM outputs to JSON with schema validation
	Struct Parsing - Parse outputs to Elixir structs with nested support
	Automatic Format Injection - Auto-inject format instructions for better parsing
	Custom Parsers - Support for custom parsing functions

Error Handling & Reliability
	Retry Mechanism - Configurable retry with smart error detection
	Timeout Support - Global and per-step timeout protection
	Fallback Handling - Graceful degradation with static or dynamic fallbacks
	Provider Fallbacks - Automatic fallback to backup LLM providers

Multi-Provider Features
	Provider Abstraction - Unified interface across different LLM providers
	Fallback Providers - Automatic failover between providers
	Provider Selection - Dynamic provider selection based on capabilities
	Parallel LLM Execution - Run multiple providers in parallel for consensus

Implementation Details
LLM Providers
	OpenAI Integration - Full GPT-3.5/GPT-4 support with streaming, tools, and embeddings
	Anthropic Integration - Claude 3 family support with tool calling
	Ollama Integration - Local LLM support for privacy-focused deployments
	Mock Provider - Testing support with configurable responses

Memory Architecture
	ETS Conversation Storage - High-performance in-memory conversation tracking
	File Persistence - Erlang term serialization for reliable file storage
	Database Backend - Flexible database storage using user-provided Ecto repos
	Session Management - Multi-user session isolation and management

Chain Execution
	Variable Resolution - Template variable substitution with nested support
	Step Execution - Sequential step processing with error propagation
	Memory Integration - Automatic memory context injection for LLM calls
	Metadata Tracking - Optional execution metadata for debugging and monitoring

Testing
	Comprehensive Test Suite - 463+ tests covering all functionality
	Integration Tests - Real API testing with live LLM providers
	Memory Tests - Full coverage of memory systems and persistence
	Error Handling Tests - Extensive error scenario testing
	Multi-Provider Tests - Cross-provider compatibility testing

Documentation
	API Documentation - Complete function documentation with examples
	Usage Examples - Real-world usage patterns and best practices
	Configuration Guide - Provider setup and configuration
	Testing Guide - How to test chains with mock providers

Performance Features
	Async Operations - Non-blocking LLM calls and tool execution  
	Connection Pooling - Efficient HTTP connection management
	Request Batching - Batch processing capabilities for high-throughput scenarios
	Memory Optimization - Efficient memory usage with pruning strategies

Developer Experience
	Type Specifications - Full Dialyzer support with comprehensive type specs
	Error Messages - Clear, actionable error messages
	Debug Support - Comprehensive logging and debugging features
	Configuration Validation - Runtime validation of provider configurations

Security
	API Key Management - Secure handling of API credentials
	Input Sanitization - Safe handling of user inputs and variables
	Tool Security - Parameter validation and safe tool execution
	Memory Isolation - Secure session-based memory isolation

[Unreleased]
Planned Features
	Streaming Support - Real-time streaming of LLM responses
	Vector Memory - Full vector similarity search support
	Advanced Tool Patterns - Tool chaining and conditional execution
	Chain Composition - Build complex workflows from reusable chain components
	Performance Monitoring - Built-in metrics and performance tracking
	Enterprise Features - Advanced security, audit logging, and compliance features



  

    Getting Started with Chainex

Chainex is a powerful Elixir library for building LLM-powered applications with a fluent, pipeline-based API. This guide will help you get up and running quickly.
Installation
Add chainex to your list of dependencies in mix.exs:
def deps do
  [
    {:chainex, "~> 0.1.0"}
  ]
end
Then run:
mix deps.get

Configuration
Configure your LLM providers in config/config.exs:
# Configure LLM providers
config :chainex, Chainex.LLM,
  default_provider: :anthropic,
  anthropic: [
    api_key: {:system, "ANTHROPIC_API_KEY"},
    model: "claude-3-5-sonnet-20241022",
    base_url: "https://api.anthropic.com/v1",
    version: "2023-06-01"
  ],
  openai: [
    api_key: {:system, "OPENAI_API_KEY"},
    model: "gpt-4",
    base_url: "https://api.openai.com/v1"
  ],
  mock: [
    model: "mock-model"
  ]
Your First Chain
Let's create a simple question-answering chain:
# Simple question answering
"What is {{topic}}?"
|> Chainex.Chain.new()
|> Chainex.Chain.llm(:openai)
|> Chainex.Chain.run(%{topic: "quantum computing"})
# => {:ok, "Quantum computing is a revolutionary computing paradigm..."}
Key Concepts
1. Chains are Reusable
Build once, run many times with different variables:
# Define once
translator = Chainex.Chain.new(
  system: "You are a professional translator specializing in {{field}}",
  user: "Translate '{{text}}' from {{from}} to {{to}}"
)
|> Chainex.Chain.llm(:anthropic)

# Use many times
translator |> Chainex.Chain.run(%{field: "medical", text: "headache", from: "English", to: "Spanish"})
translator |> Chainex.Chain.run(%{field: "legal", text: "contract", from: "English", to: "French"})
2. Pipeline Composition
Chain multiple operations together:
"{{content}}"
|> Chainex.Chain.new()
|> Chainex.Chain.prompt("Summarize this content: {{input}}")
|> Chainex.Chain.llm(:openai, model: "gpt-4")
|> Chainex.Chain.transform(fn summary -> 
  "Create a title for this summary: #{summary}"
end)
|> Chainex.Chain.llm(:anthropic)
|> Chainex.Chain.run(%{content: "Long article text..."})
3. System Prompts are First-Class
System prompts define your LLM's personality and behavior:
Chainex.Chain.new(
  system: "You are a {{domain}} expert with {{years}} years of experience",
  user: "Analyze {{subject}} and provide actionable insights"
)
|> Chainex.Chain.llm(:openai)
|> Chainex.Chain.run(%{
  domain: "cybersecurity", 
  years: 15,
  subject: "our network infrastructure"
})
Next Steps
	Learn about Memory and Context for conversational AI
	Explore Tools Integration for connecting to external APIs
	Master Parsing and Validation for structured data extraction
	Build robust applications with Error Handling

Testing Your Chains
Use the built-in mock provider for testing:
defmodule MyApp.ChainTest do
  use ExUnit.Case
  import Chainex.Chain

  test "expert analysis works" do
    chain = Chain.new(
      system: "You are a {{domain}} expert",
      user: "Explain {{topic}}"
    )
    |> Chain.llm(:mock, response: "Expert explanation here")
    
    assert {:ok, result} = Chain.run(chain, %{domain: "technology", topic: "AI"})
    assert result == "Expert explanation here"
  end
end


  

    Memory and Context Guide

Chainex provides powerful memory capabilities to build conversational AI applications that remember context across interactions.
Memory Types
Chainex supports four types of memory:
1. Conversation Memory
Maintains full conversation history with automatic context injection:
# Personal assistant with memory
personal_assistant = Chainex.Chain.new(
  system: "You are {{user_name}}'s personal assistant. Remember our conversation history.",
  user: "{{message}}"
)
|> Chainex.Chain.with_memory(:conversation)
|> Chainex.Chain.llm(:openai)

# First interaction
personal_assistant 
|> Chainex.Chain.run(%{
  user_name: "Alice", 
  message: "Schedule a meeting for tomorrow",
  session_id: "user_123"
})

# Second interaction - remembers previous context
personal_assistant
|> Chainex.Chain.run(%{
  user_name: "Alice", 
  message: "What time did we schedule it for?",
  session_id: "user_123"  
})
# Remembers the previous scheduling request
2. Buffer Memory
Simple key-value memory for temporary data:
chain = Chainex.Chain.new("{{message}}")
|> Chainex.Chain.with_memory(:buffer, max_entries: 10)
|> Chainex.Chain.llm(:openai)

# Stores only the most recent 10 entries
3. Persistent Memory
File and database-backed memory that survives application restarts:
# File-based persistence
file_chain = Chainex.Chain.new("{{message}}")
|> Chainex.Chain.with_memory(:persistent, %{
  backend: :file,
  file_path: "/path/to/conversation.dat"
})
|> Chainex.Chain.llm(:openai)

# Database persistence (requires Ecto setup)
db_chain = Chainex.Chain.new("{{message}}")
|> Chainex.Chain.with_memory(:persistent, %{
  backend: :database,
  repo: MyApp.Repo,
  table_name: "conversations"
})
|> Chainex.Chain.llm(:openai)
4. Vector Memory (Coming Soon)
Semantic similarity-based memory for advanced context retrieval.
Memory Configuration Options
Pruning Strategies
Control memory size with automatic pruning:
chain = Chainex.Chain.new("{{message}}")
|> Chainex.Chain.with_memory(:conversation, %{
  max_entries: 100,
  pruning_strategy: :lru,  # :lru, :lfu, :ttl, or :hybrid
  auto_prune: true,
  prune_threshold: 0.8  # Prune when 80% full
})
|> Chainex.Chain.llm(:openai)
Session Management
Separate conversations by session:
# User A's conversation
chain |> Chainex.Chain.run(%{message: "Hello", session_id: "user_a"})

# User B's conversation (completely separate)
chain |> Chainex.Chain.run(%{message: "Hi there", session_id: "user_b"})
Memory Integration in Multi-Step Chains
Memory works seamlessly across all chain steps:
conversation_chain = Chainex.Chain.new("{{user_input}}")
|> Chainex.Chain.with_memory(:conversation)
|> Chainex.Chain.llm(:openai, model: "gpt-4")
|> Chainex.Chain.transform(fn response -> 
  # Memory context is automatically injected into the LLM call above
  "Processed: #{response}"
end)
|> Chainex.Chain.llm(:anthropic)  # This call also gets memory context

# Each LLM call receives the full conversation history
Database Setup for Persistent Memory
If using database persistence, create the required table:
defmodule MyApp.Repo.Migrations.CreateChainexMemory do
  use Ecto.Migration

  def up do
    Chainex.Memory.Database.create_table("conversations")
  end

  def down do
    Chainex.Memory.Database.drop_table("conversations")
  end
end
Best Practices
1. Choose the Right Memory Type
	Conversation: For chatbots and interactive applications
	Buffer: For temporary context in processing pipelines  
	Persistent: For long-term user relationships and data retention
	Vector: For semantic search and retrieval (coming soon)

2. Session Management
Always use session IDs to separate user conversations:
# Good - separate sessions
Chain.run(chain, %{message: "Hello", session_id: user.id})

# Bad - shared session
Chain.run(chain, %{message: "Hello"})
3. Memory Pruning
Configure appropriate pruning to manage memory usage:
# For high-traffic applications
|> Chainex.Chain.with_memory(:conversation, %{
  max_entries: 50,
  pruning_strategy: :lru,
  auto_prune: true
})

# For detailed analysis applications  
|> Chainex.Chain.with_memory(:persistent, %{
  backend: :database,
  max_entries: 1000,
  pruning_strategy: :ttl,
  ttl_seconds: 86400  # 24 hours
})
4. Error Handling
Memory operations can fail, so handle errors gracefully:
case Chainex.Chain.run(chain_with_memory, variables) do
  {:ok, result} -> 
    # Success
    result
  {:error, {:memory_error, reason}} ->
    # Handle memory-specific errors
    Logger.error("Memory error: #{reason}")
    # Fallback to chain without memory
    Chainex.Chain.run(chain_without_memory, variables)
  {:error, reason} ->
    # Handle other errors
    {:error, reason}
end
Testing Memory
Use the test environment for memory testing:
defmodule MyApp.MemoryTest do
  use ExUnit.Case
  
  test "conversation memory maintains context" do
    chain = Chainex.Chain.new("{{message}}")
    |> Chainex.Chain.with_memory(:conversation)
    |> Chainex.Chain.llm(:mock, response: "I remember: {{message}}")
    
    # First message
    {:ok, _} = Chainex.Chain.run(chain, %{
      message: "My name is Alice", 
      session_id: "test_session"
    })
    
    # Second message should have context
    {:ok, response} = Chainex.Chain.run(chain, %{
      message: "What's my name?",
      session_id: "test_session"
    })
    
    # The mock will receive both messages as context
    assert String.contains?(response, "Alice")
  end
end


  

    Tools Integration Guide

Chainex provides powerful tools integration that allows LLMs to call external functions, APIs, and services to extend their capabilities beyond text generation.
Creating Custom Tools
Define tools with parameters, descriptions, and functions:
weather_tool = Chainex.Tool.new(
  name: "get_weather",
  description: "Get current weather information for any location",
  parameters: %{
    location: %{type: "string", description: "City name or coordinates", required: true},
    units: %{type: "string", enum: ["celsius", "fahrenheit"], default: "celsius"}
  },
  function: fn params ->
    case WeatherAPI.get_current(params.location, params.units) do
      {:ok, weather} -> 
        "#{params.location}: #{weather.temp}°#{String.upcase(params.units)}, #{weather.description}"
      {:error, reason} -> 
        "Weather data unavailable: #{reason}"
    end
  end
)
Tool Usage Patterns
1. Automatic Tool Calling
Let the LLM decide when and how to use tools:
# Weather assistant that automatically uses tools
chain = Chainex.Chain.new(
  system: "You can check weather and perform calculations. Use tools when needed.",
  user: "{{user_request}}"
)
|> Chainex.Chain.with_tools([weather_tool, calculator_tool])
|> Chainex.Chain.llm(:openai, tools: :auto)

# LLM automatically calls appropriate tools based on the request
chain |> Chainex.Chain.run(%{
  user_request: "What's the weather in Tokyo and convert 25°C to Fahrenheit?"
})
2. Manual Tool Calling
Explicitly call tools in your chain:
"Check weather for {{city}}"
|> Chainex.Chain.new()
|> Chainex.Chain.with_tools([weather_tool])
|> Chainex.Chain.tool(:get_weather, location: "{{city}}", units: "celsius")
|> Chainex.Chain.transform(fn weather_data ->
  "Based on the weather: #{weather_data}, here's what you should know..."
end)
|> Chainex.Chain.llm(:openai)
|> Chainex.Chain.run(%{city: "San Francisco"})
Advanced Tool Examples
Calculator Tool
calculator_tool = Chainex.Tool.new(
  name: "calculate",
  description: "Perform mathematical calculations and unit conversions",
  parameters: %{
    expression: %{type: "string", description: "Math expression or conversion", required: true}
  },
  function: fn params ->
    case MathParser.evaluate(params.expression) do
      {:ok, result} -> "#{params.expression} = #{result}"
      {:error, reason} -> "Calculation error: #{reason}"
    end
  end
)
Database Query Tool
db_query_tool = Chainex.Tool.new(
  name: "query_database",
  description: "Query the user database for information",
  parameters: %{
    table: %{type: "string", enum: ["users", "orders", "products"], required: true},
    filters: %{type: "object", description: "Query filters as key-value pairs"},
    limit: %{type: "integer", default: 10, minimum: 1, maximum: 100}
  },
  function: fn params ->
    case DatabaseManager.query(params.table, params.filters, params.limit) do
      {:ok, results} -> 
        "Found #{length(results)} records: #{format_results(results)}"
      {:error, reason} -> 
        "Database query failed: #{reason}"
    end
  end
)
HTTP API Tool
api_tool = Chainex.Tool.new(
  name: "call_api",
  description: "Make HTTP requests to external APIs",
  parameters: %{
    url: %{type: "string", format: "uri", required: true},
    method: %{type: "string", enum: ["GET", "POST", "PUT", "DELETE"], default: "GET"},
    headers: %{type: "object", description: "HTTP headers"},
    body: %{type: "string", description: "Request body for POST/PUT"}
  },
  function: fn params ->
    case HTTPClient.request(params.method, params.url, params.body, params.headers) do
      {:ok, %{status: 200, body: body}} ->
        "API Response: #{body}"
      {:ok, %{status: status}} ->
        "API Error: HTTP #{status}"
      {:error, reason} ->
        "Request failed: #{reason}"
    end
  end
)
Tool Chaining and Workflows
Research Assistant with Tool Chaining
research_assistant = Chainex.Chain.new(
  system: """
  You are a research assistant. When asked to research a topic:
  1. Search for information
  2. Analyze the results
  3. Generate a summary report
  Use tools in sequence to complete the research.
  """,
  user: "{{research_request}}"
)
|> Chainex.Chain.with_tools([
  search_tool,      # Searches web/database
  analyze_tool,     # Analyzes found content
  summarize_tool,   # Creates summary
  citation_tool     # Formats citations
])
|> Chainex.Chain.llm(:openai, tools: :auto, parallel_tool_calls: true)

# The LLM will intelligently chain tools together
research_assistant |> Chainex.Chain.run(%{
  research_request: "Latest developments in quantum computing with peer-reviewed sources"
})
Role-Based Tool Access
def build_user_chain(user) do
  available_tools = case user.role do
    :admin -> 
      [user_management_tool, system_config_tool, audit_log_tool] ++ basic_tools
    :analyst ->
      [data_query_tool, visualization_tool, export_tool] ++ basic_tools
    :support ->
      [ticket_tool, customer_lookup_tool, kb_search_tool] ++ basic_tools
    _ ->
      basic_tools  # read-only tools
  end
  
  Chainex.Chain.new(
    system: "You are a {{role}} assistant with appropriate tool access",
    user: "{{request}}"
  )
  |> Chainex.Chain.with_tools(available_tools)
  |> Chainex.Chain.llm(:openai, tools: :auto)
  |> Chainex.Chain.with_metadata(%{user_id: user.id, role: user.role})
end
Tool Security and Validation
Parameter Validation
Tools automatically validate parameters based on their schema:
payment_tool = Chainex.Tool.new(
  name: "process_payment",
  description: "Process a payment transaction",
  parameters: %{
    amount: %{type: "number", required: true, minimum: 0.01, maximum: 10000},
    currency: %{type: "string", enum: ["USD", "EUR", "GBP"], required: true},
    recipient: %{type: "string", required: true, pattern: "^[a-zA-Z0-9@._-]+$"}
  },
  function: fn params ->
    # Parameters are already validated by the tool system
    PaymentProcessor.charge(params.amount, params.currency, params.recipient)
  end
)
Tool Middleware
Add security and monitoring layers:
secured_tool = %{weather_tool | 
  function: fn params ->
    # Add rate limiting
    case RateLimiter.check_limit(:weather_api, params.location) do
      :ok -> 
        # Log the call
        Logger.info("Weather API called for: #{params.location}")
        # Call original function
        weather_tool.function.(params)
      {:error, :rate_limited} ->
        "API rate limit exceeded. Please try again later."
    end
  end
}
Testing Tools
Mock Tools for Testing
defmodule MyApp.ToolsTest do
  use ExUnit.Case
  
  test "weather tool integration" do
    mock_weather_tool = Chainex.Tool.new(
      name: "get_weather",
      description: "Mock weather tool for testing",
      parameters: %{
        location: %{type: "string", required: true}
      },
      function: fn params ->
        "Mocked weather for #{params.location}: 22°C, Sunny"
      end
    )
    
    chain = Chainex.Chain.new("What's the weather in {{city}}?")
    |> Chainex.Chain.with_tools([mock_weather_tool])
    |> Chainex.Chain.llm(:mock, response: "Based on the weather data...")
    
    {:ok, result} = Chainex.Chain.run(chain, %{city: "Paris"})
    assert String.contains?(result, "weather data")
  end
end
Integration Testing
@tag :integration
test "real weather API integration" do
  # Only run with real API keys in integration tests
  if System.get_env("WEATHER_API_KEY") do
    chain = Chainex.Chain.new("{{request}}")
    |> Chainex.Chain.with_tools([real_weather_tool])
    |> Chainex.Chain.llm(:openai, tools: :auto)
    
    {:ok, result} = Chainex.Chain.run(chain, %{
      request: "What's the current weather in London?"
    })
    
    assert String.contains?(String.downcase(result), "london")
  else
    # Skip test if no API key
    :ok
  end
end
Best Practices
1. Clear Tool Descriptions
Write detailed descriptions that help the LLM understand when to use each tool:
# Good - clear and specific
description: "Get current weather information including temperature, conditions, and humidity for any city or coordinates"

# Bad - vague
description: "Weather stuff"
2. Validate Input Parameters
Always validate and sanitize tool inputs:
function: fn params ->
  # Validate required parameters
  location = String.trim(params.location || "")
  if location == "" do
    "Error: Location is required"
  else
    # Sanitize input
    safe_location = String.slice(location, 0, 100)
    WeatherAPI.get_current(safe_location)
  end
end
3. Handle Errors Gracefully
Tools should return helpful error messages:
function: fn params ->
  case ExternalAPI.call(params) do
    {:ok, result} -> 
      format_success_response(result)
    {:error, :not_found} -> 
      "The requested information could not be found. Please check your input and try again."
    {:error, :timeout} -> 
      "The service is currently slow to respond. Please try again in a moment."
    {:error, reason} -> 
      "An error occurred: #{reason}. Please contact support if this persists."
  end
end
4. Tool Documentation
Document your tools for other developers:
@doc """
Weather lookup tool that integrates with OpenWeatherMap API.

## Parameters
- `location` (required): City name, "City, Country", or "latitude,longitude"  
- `units` (optional): "celsius" (default), "fahrenheit", or "kelvin"

## Returns
String with current weather information including temperature, conditions, and humidity.

## Examples
    iex> weather_tool.function.(%{location: "Paris", units: "celsius"})
    "Paris: 18°C, Partly cloudy, 65% humidity"
"""


  

    Parsing and Validation Guide

Chainex provides sophisticated parsing capabilities to transform LLM text responses into structured, validated data using JSON schemas and Elixir structs.
JSON Parsing with Schema Validation
Extract structured data from LLM responses with automatic validation:
Basic JSON Parsing
# Simple schema
user_schema = %{
  name: :string,
  age: :integer,
  email: :string
}

"Extract user information from: {{text}}"
|> Chainex.Chain.new()
|> Chainex.Chain.llm(:openai)
|> Chainex.Chain.parse(:json, schema: user_schema)
|> Chainex.Chain.run(%{text: "John Smith, 30 years old, john@example.com"})
# => {:ok, %{"name" => "John Smith", "age" => 30, "email" => "john@example.com"}}
Nested JSON Schemas
Handle complex, nested data structures:
company_schema = %{
  company: %{
    name: :string,
    industry: :string,
    founded: :integer,
    headquarters: %{
      city: :string,
      country: :string,
      coordinates: %{
        lat: :float,
        lng: :float
      }
    }
  },
  financials: %{
    revenue: %{
      amount: :float,
      currency: :string,
      period: :string
    },
    employees: :integer,
    funding_rounds: [%{
      round: :string,
      amount: :float,
      date: :string,
      investors: [:string]
    }]
  }
}

"Analyze this company information: {{company_info}}"
|> Chainex.Chain.new()
|> Chainex.Chain.llm(:openai)
|> Chainex.Chain.parse(:json, schema: company_schema)
|> Chainex.Chain.run(%{company_info: "Tesla Inc. is an electric vehicle manufacturer..."})
Struct Parsing
Parse directly into Elixir structs for type safety:
Defining Structs
defmodule ProductAnalysis do
  defstruct [:product, :analysis, :recommendations, :timestamp]
  
  defmodule Product do
    defstruct [:name, :category, :price, :specifications]
    
    defmodule Price do
      defstruct [:amount, :currency, :discount_percent]
    end
    
    defmodule Specifications do
      defstruct [:dimensions, :weight, :features, :warranty_years]
      
      defmodule Dimensions do
        defstruct [:length, :width, :height, :unit]
      end
    end
  end
  
  defmodule Analysis do
    defstruct [:market_position, :strengths, :weaknesses, :competitive_score]
  end
end
Using Struct Parsing
"Analyze this product: {{product_description}}"
|> Chainex.Chain.new()
|> Chainex.Chain.llm(:openai)
|> Chainex.Chain.parse(:struct, ProductAnalysis)
|> Chainex.Chain.transform(fn analysis ->
  # Now working with strongly typed structs
  %{analysis | timestamp: DateTime.utc_now()}
end)
|> Chainex.Chain.run(%{product_description: "iPhone 15 Pro - latest smartphone..."})
# Returns: {:ok, %ProductAnalysis{product: %ProductAnalysis.Product{...}}}
Advanced Parsing Features
Automatic Format Injection
Chainex automatically adds format instructions to improve parsing success:
# The parser automatically adds instructions like:
# "Format your response as valid JSON matching this schema: {...}"
# "Ensure all required fields are present and types are correct"

chain = "Extract data from: {{input}}"
|> Chainex.Chain.new()
|> Chainex.Chain.llm(:openai)
|> Chainex.Chain.parse(:json, schema: schema)
# Format instructions are automatically injected before the LLM call
Custom Parsers
Create domain-specific parsers for specialized formats:
# Email address parser
email_parser = fn text ->
  emails = Regex.scan(~r/[\w._%+-]+@[\w.-]+\.[A-Za-z]{2,}/, text)
  {:ok, List.flatten(emails)}
end

"Find all email addresses in this text: {{text}}"
|> Chainex.Chain.new()
|> Chainex.Chain.llm(:openai)
|> Chainex.Chain.parse(email_parser)
|> Chainex.Chain.run(%{text: "Contact john@example.com or mary@company.org"})
# => {:ok, ["john@example.com", "mary@company.org"]}
CSV Parser
csv_parser = fn text ->
  text
  |> String.split("\n")
  |> Enum.map(&String.split(&1, ","))
  |> Enum.map(&Enum.map(&1, fn cell -> String.trim(cell, "\"") end))
  |> then(fn [headers | rows] -> 
    {:ok, %{headers: headers, rows: rows}}
  end)
rescue
  _ -> {:error, "Invalid CSV format"}
end

"Convert this data to CSV format: {{data}}"
|> Chainex.Chain.new()
|> Chainex.Chain.llm(:openai)
|> Chainex.Chain.parse(csv_parser)
Error Handling in Parsing
Graceful Degradation
Handle parsing failures gracefully:
"Extract user data: {{input}}"
|> Chainex.Chain.new()
|> Chainex.Chain.llm(:openai)
|> Chainex.Chain.parse(:json, schema: user_schema, on_error: :return_raw)
|> Chainex.Chain.transform(fn 
  %{} = parsed_data -> 
    # Successfully parsed
    {:parsed, parsed_data}
  raw_text when is_binary(raw_text) ->
    # Parsing failed, got raw text back
    {:raw, raw_text}
end)
Retry with Different Models
parsing_chain = fn text ->
  # Try with GPT-4 first (better at structured output)
  case attempt_parse_with_model(text, :gpt4, user_schema) do
    {:ok, result} -> {:ok, result}
    {:error, _} ->
      # Fallback to Claude (different parsing approach)
      case attempt_parse_with_model(text, :claude, user_schema) do
        {:ok, result} -> {:ok, result}
        {:error, _} ->
          # Final fallback - return raw text
          {:ok, text}
      end
  end
end

defp attempt_parse_with_model(text, model, schema) do
  "Extract user data: #{text}"
  |> Chainex.Chain.new()
  |> Chainex.Chain.llm(model)
  |> Chainex.Chain.parse(:json, schema: schema)
  |> Chainex.Chain.run()
end
Validation and Schema Types
Supported Types
comprehensive_schema = %{
  # Basic types
  name: :string,
  age: :integer,
  score: :float,
  active: :boolean,
  
  # Arrays
  tags: [:string],
  numbers: [:integer],
  
  # Nested objects
  address: %{
    street: :string,
    city: :string,
    postal_code: :string
  },
  
  # Array of objects
  contacts: [%{
    type: :string,
    value: :string,
    preferred: :boolean
  }],
  
  # Optional fields (use default values or make nullable)
  bio: {:optional, :string},
  last_login: {:nullable, :string}
}
Custom Validation
Add custom validation logic:
validated_parser = fn json_result ->
  case json_result do
    {:ok, %{"email" => email} = data} ->
      if String.contains?(email, "@") do
        {:ok, data}
      else
        {:error, "Invalid email format"}
      end
    error -> error
  end
end

chain = "Extract user data: {{input}}"
|> Chainex.Chain.new()
|> Chainex.Chain.llm(:openai)
|> Chainex.Chain.parse(:json, schema: user_schema)
|> Chainex.Chain.transform(validated_parser)
Real-World Parsing Examples
Resume Parser
defmodule ResumeParser do
  defstruct [:personal, :experience, :education, :skills]
  
  defmodule Personal do
    defstruct [:name, :email, :phone, :location, :summary]
  end
  
  defmodule Experience do
    defstruct [:title, :company, :duration, :responsibilities, :achievements]
  end
  
  defmodule Education do
    defstruct [:degree, :institution, :graduation_year, :gpa]
  end
  
  defmodule Skills do
    defstruct [:technical, :languages, :certifications]
  end
end

resume_chain = "Parse this resume: {{resume_text}}"
|> Chainex.Chain.new()
|> Chainex.Chain.llm(:openai, model: "gpt-4")
|> Chainex.Chain.parse(:struct, ResumeParser)
|> Chainex.Chain.transform(fn resume ->
  # Post-processing
  %{resume | 
    personal: normalize_contact_info(resume.personal),
    experience: rank_by_relevance(resume.experience),
    skills: categorize_skills(resume.skills)
  }
end)
Invoice Parser
invoice_schema = %{
  invoice: %{
    number: :string,
    date: :string,
    due_date: :string,
    status: :string
  },
  vendor: %{
    name: :string,
    address: %{
      street: :string,
      city: :string,
      state: :string,
      zip: :string
    },
    tax_id: :string
  },
  line_items: [%{
    description: :string,
    quantity: :integer,
    unit_price: :float,
    total: :float,
    tax_rate: :float
  }],
  totals: %{
    subtotal: :float,
    tax_amount: :float,
    total: :float,
    currency: :string
  }
}

"Extract all information from this invoice: {{invoice_image_description}}"
|> Chainex.Chain.new()
|> Chainex.Chain.llm(:openai, model: "gpt-4-vision")
|> Chainex.Chain.parse(:json, schema: invoice_schema)
|> Chainex.Chain.transform(fn invoice_data ->
  # Validate totals match line items
  calculated_total = calculate_invoice_total(invoice_data["line_items"])
  actual_total = invoice_data["totals"]["total"]
  
  if abs(calculated_total - actual_total) < 0.01 do
    {:ok, invoice_data}
  else
    {:error, "Invoice totals don't match line items"}
  end
end)
Testing Parsing
Unit Tests
defmodule MyApp.ParsingTest do
  use ExUnit.Case
  
  test "user schema parsing" do
    user_schema = %{name: :string, age: :integer}
    
    chain = Chainex.Chain.new("{{input}}")
    |> Chainex.Chain.llm(:mock, response: ~s({"name": "Alice", "age": 25}))
    |> Chainex.Chain.parse(:json, schema: user_schema)
    
    {:ok, result} = Chainex.Chain.run(chain, %{input: "test"})
    
    assert result["name"] == "Alice"
    assert result["age"] == 25
  end
  
  test "handles parsing errors gracefully" do
    chain = Chainex.Chain.new("{{input}}")
    |> Chainex.Chain.llm(:mock, response: "Invalid JSON{")
    |> Chainex.Chain.parse(:json, on_error: :return_raw)
    
    {:ok, result} = Chainex.Chain.run(chain, %{input: "test"})
    assert result == "Invalid JSON{"
  end
end
Best Practices
1. Schema Design
	Keep schemas as simple as possible while capturing necessary data
	Use descriptive field names that help the LLM understand what to extract
	Provide default values for optional fields
	Use arrays for collections of similar items

2. Error Handling
	Always handle parsing failures gracefully
	Provide fallback options (return raw text, retry with different model)
	Log parsing failures for debugging and schema improvement

3. Validation
	Validate critical fields with custom logic after parsing
	Use Elixir's pattern matching for robust data handling
	Consider using Ecto changesets for complex validation

4. Performance
	Cache parsing results for repeated operations  
	Use simpler models for basic parsing tasks
	Consider streaming for large documents



  

    Error Handling Guide

Chainex provides comprehensive error handling capabilities to build resilient AI applications that gracefully handle failures, timeouts, and unexpected conditions.
Core Error Handling Features
Chainex offers three main error handling mechanisms:
	Retry Mechanism - Automatic retry with configurable backoff
	Timeout Protection - Prevent long-running operations from hanging
	Fallback Handling - Graceful degradation with static or dynamic fallbacks

Retry Mechanism
Basic Retry Configuration
# Retry up to 3 times with 1 second delay between attempts
chain = Chainex.Chain.new("{{message}}")
|> Chainex.Chain.with_retry(max_attempts: 3, delay: 1000)
|> Chainex.Chain.llm(:openai)

case Chainex.Chain.run(chain, %{message: "Hello"}) do
  {:ok, result} -> 
    # Success (possibly after retries)
    IO.puts("Got response: #{result}")
  {:error, reason} -> 
    # Failed even after retries
    IO.puts("Failed: #{inspect(reason)}")
end
Smart Error Detection
The retry mechanism automatically detects retryable errors:
# These errors will trigger retries:
# - Network timeouts
# - Rate limiting (HTTP 429)
# - Server errors (HTTP 5xx)
# - Connection failures

# These errors will NOT trigger retries:
# - Authentication errors (HTTP 401)
# - Invalid requests (HTTP 400)
# - Not found errors (HTTP 404)
Exponential Backoff
# Delay increases with each retry: 1s, 2s, 4s, 8s...
chain = Chainex.Chain.new("{{input}}")
|> Chainex.Chain.with_retry(
  max_attempts: 4,
  delay: 1000,
  backoff: :exponential,
  max_delay: 10_000  # Cap at 10 seconds
)
|> Chainex.Chain.llm(:openai)
Timeout Protection
Global Chain Timeout
# Entire chain must complete within 30 seconds
chain = Chainex.Chain.new("{{query}}")
|> Chainex.Chain.with_timeout(30_000)
|> Chainex.Chain.llm(:openai)
|> Chainex.Chain.transform(fn result ->
  # Long processing step
  perform_analysis(result)
end)
|> Chainex.Chain.llm(:anthropic)

case Chainex.Chain.run(chain, %{query: "Analyze this data"}) do
  {:ok, result} -> result
  {:error, :timeout} -> "Operation timed out"
  {:error, reason} -> "Error: #{inspect(reason)}"
end
Step-Level Timeouts
# Different timeouts for different operations
chain = Chainex.Chain.new("{{input}}")
|> Chainex.Chain.llm(:openai, timeout: 10_000)  # 10s for LLM
|> Chainex.Chain.transform(fn result ->
  # This transform has the global timeout
  expensive_computation(result)
end)
|> Chainex.Chain.llm(:anthropic, timeout: 5_000)  # 5s for second LLM
Fallback Handling
Static Fallback
# Return a fixed response on any error
chain = Chainex.Chain.new("{{question}}")
|> Chainex.Chain.with_fallback("I apologize, but I'm experiencing technical difficulties. Please try again later.")
|> Chainex.Chain.llm(:openai)

# Always returns {:ok, result} - never {:error, reason}
{:ok, response} = Chainex.Chain.run(chain, %{question: "What is AI?"})
Dynamic Fallback
# Generate fallback response based on the error
chain = Chainex.Chain.new("{{user_request}}")
|> Chainex.Chain.with_fallback(fn error ->
  case error do
    {:llm_error, :rate_limit} ->
      "I'm currently receiving high traffic. Please try again in a few minutes."
    {:llm_error, :timeout} ->
      "That request is taking too long to process. Please try a simpler question."
    {:network_error, _} ->
      "I'm having trouble connecting to my services. Please check your connection."
    _ ->
      "Something unexpected happened. Please try again or contact support."
  end
end)
|> Chainex.Chain.llm(:openai)
Provider Fallback
# Automatically fallback to different LLM providers
chain = Chainex.Chain.new("{{prompt}}")
|> Chainex.Chain.llm(:openai, model: "gpt-4")
|> Chainex.Chain.on_error(fn error ->
  case error do
    {:llm_error, :rate_limit} -> 
      # Switch to Anthropic if OpenAI is rate limited
      {:fallback_to, :anthropic}
    {:llm_error, :model_overloaded} ->
      # Use a smaller model
      {:fallback_to, {:openai, model: "gpt-3.5-turbo"}}
    _ ->
      {:continue_error, error}
  end
end)
Combined Error Handling
Comprehensive Error Strategy
# Combine retry, timeout, and fallback for maximum resilience
robust_chain = Chainex.Chain.new(
  system: "You are a helpful assistant",
  user: "{{user_message}}"
)
|> Chainex.Chain.with_retry(max_attempts: 3, delay: 1000)
|> Chainex.Chain.with_timeout(30_000)
|> Chainex.Chain.with_fallback(fn error, context ->
  # Context includes retry attempts, elapsed time, etc.
  Logger.warning("Chain failed after #{context.retry_attempts} attempts: #{inspect(error)}")
  
  case error do
    {:error, :timeout} ->
      "Your request is taking longer than expected. The system might be under heavy load."
    {:llm_error, :rate_limit} ->
      "Our AI service is currently at capacity. Please try again in a few minutes."
    _ ->
      "I encountered an unexpected issue. Our team has been notified."
  end
end)
|> Chainex.Chain.llm(:openai)
Multi-Step Chain Error Handling
# Different error handling for different steps
analysis_chain = Chainex.Chain.new("{{data}}")
|> Chainex.Chain.transform(fn data ->
  # Critical step - no fallback, let it fail
  validate_input_data(data)
end)
|> Chainex.Chain.llm(:openai, retries: 2)
|> Chainex.Chain.transform(fn analysis ->
  # Optional enhancement - fallback to basic analysis
  try do
    enhanced_analysis(analysis)
  rescue
    _ -> analysis  # Return basic analysis if enhancement fails
  end
end)
|> Chainex.Chain.llm(:anthropic)
|> Chainex.Chain.with_fallback("Analysis completed with limited features due to service issues.")
Real-World Error Handling Patterns
Customer Support Bot
def create_support_bot do
  Chainex.Chain.new(
    system: "You are a customer support agent. Be helpful and understanding.",
    user: "Customer: {{message}}"
  )
  |> Chainex.Chain.with_retry(max_attempts: 2, delay: 500)
  |> Chainex.Chain.with_timeout(15_000)  # 15 second timeout for customer experience
  |> Chainex.Chain.with_fallback(fn error, context ->
    # Log for monitoring
    CustomerSupport.log_ai_failure(error, context)
    
    # Escalate to human agent
    case CustomerSupport.create_ticket(context.variables) do
      {:ok, ticket_id} ->
        "I apologize for the technical difficulty. I've created ticket ##{ticket_id} and a human agent will assist you shortly."
      {:error, _} ->
        "I'm experiencing technical issues. Please call our support line at 1-800-SUPPORT for immediate assistance."
    end
  end)
  |> Chainex.Chain.llm(:openai)
end
Data Processing Pipeline
def create_data_processor do
  Chainex.Chain.new("{{raw_data}}")
  # Step 1: Data validation (fail fast)
  |> Chainex.Chain.transform(fn data ->
    case DataValidator.validate(data) do
      {:ok, clean_data} -> clean_data
      {:error, reason} -> raise "Invalid data: #{reason}"
    end
  end)
  # Step 2: AI analysis (with retry and fallback)
  |> Chainex.Chain.llm(:openai, retries: 3)
  |> Chainex.Chain.on_error(fn 
    {:llm_error, _} -> 
      # Fallback to rule-based analysis
      {:fallback_result, RuleBasedAnalyzer.analyze(data)}
    error -> 
      {:continue_error, error}
  end)
  # Step 3: Report generation (timeout protection)
  |> Chainex.Chain.with_timeout(60_000)  # 1 minute for report
  |> Chainex.Chain.transform(fn analysis ->
    ReportGenerator.create(analysis)
  end)
  |> Chainex.Chain.with_fallback("Analysis completed but report generation failed. Raw results available on request.")
end
Rate Limiting Handler
def create_rate_aware_chain do
  Chainex.Chain.new("{{query}}")
  |> Chainex.Chain.with_retry(
    max_attempts: 5,
    delay: 2000,
    backoff: :exponential,
    max_delay: 30_000
  )
  |> Chainex.Chain.llm(:openai)
  |> Chainex.Chain.on_error(fn error ->
    case error do
      {:llm_error, :rate_limit} ->
        # Check if we can switch to a different provider
        case RateLimiter.get_available_provider() do
          {:ok, provider} -> 
            Logger.info("Switching to provider: #{provider}")
            {:fallback_to, provider}
          :none_available ->
            # Queue the request for later
            QueueManager.enqueue_for_retry(context.variables, delay: 300_000)
            {:fallback_result, "Your request has been queued and will be processed when capacity is available."}
        end
      _ ->
        {:continue_error, error}
    end
  end)
end
Error Monitoring and Logging
Structured Error Logging
# Add error context to all chains
monitored_chain = fn base_chain ->
  base_chain
  |> Chainex.Chain.with_metadata(%{
    request_id: generate_request_id(),
    user_id: get_current_user_id(),
    timestamp: DateTime.utc_now()
  })
  |> Chainex.Chain.on_error(fn error, context ->
    # Structured logging for monitoring
    Logger.error("Chain execution failed", %{
      error: inspect(error),
      request_id: context.metadata.request_id,
      user_id: context.metadata.user_id,
      retry_attempts: context.retry_attempts,
      elapsed_time_ms: context.elapsed_time,
      chain_steps: length(context.executed_steps)
    })
    
    # Send to error tracking service
    ErrorTracker.report(error, context)
    
    {:continue_error, error}
  end)
end
Health Checks
def perform_health_check do
  health_chain = Chainex.Chain.new("Health check: respond with 'OK'")
  |> Chainex.Chain.with_timeout(5000)
  |> Chainex.Chain.llm(:openai)
  
  case Chainex.Chain.run(health_chain) do
    {:ok, response} when response =~ ~r/ok/i ->
      {:healthy, "LLM services operational"}
    {:ok, _unexpected} ->
      {:degraded, "LLM services responding but may be impaired"}
    {:error, :timeout} ->
      {:unhealthy, "LLM services not responding"}
    {:error, reason} ->
      {:unhealthy, "LLM services error: #{inspect(reason)}"}
  end
end
Testing Error Handling
Unit Tests
defmodule MyApp.ErrorHandlingTest do
  use ExUnit.Case
  
  test "handles rate limiting with retry" do
    chain = Chainex.Chain.new("{{message}}")
    |> Chainex.Chain.with_retry(max_attempts: 2, delay: 10)
    |> Chainex.Chain.with_fallback("Rate limited fallback")
    |> Chainex.Chain.llm(:mock, mock_error: {:rate_limit, "Too many requests"})
    
    {:ok, result} = Chainex.Chain.run(chain, %{message: "Hello"})
    assert result == "Rate limited fallback"
  end
  
  test "timeout with fallback" do
    chain = Chainex.Chain.new("Test")
    |> Chainex.Chain.with_timeout(50)
    |> Chainex.Chain.with_fallback("Timeout fallback")
    |> Chainex.Chain.transform(fn _input ->
      Process.sleep(100)  # Simulate slow operation
      "Should timeout"
    end)
    
    {:ok, result} = Chainex.Chain.run(chain)
    assert result == "Timeout fallback"
  end
end
Best Practices
1. Layered Error Handling
Apply error handling at appropriate levels:
	Transport level: Network timeouts, connection failures
	Service level: Rate limiting, service unavailability  
	Application level: Business logic errors, validation failures
	User level: Friendly error messages, graceful degradation

2. Error Context
Always provide context in error handling:
	Include request IDs for tracing
	Log user actions that led to errors
	Track error patterns for system health monitoring

3. Graceful Degradation
Design fallback strategies that maintain user experience:
	Reduced functionality over complete failure
	Clear communication about limitations
	Alternative paths to achieve user goals

4. Testing
Test error conditions thoroughly:
	Network failures and timeouts
	Rate limiting scenarios
	Invalid responses and parsing errors
	Concurrent error conditions

Error handling is critical for production LLM applications. Chainex's comprehensive error handling features help you build resilient systems that gracefully handle the inherent unpredictability of AI services.
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        size(context)

      


        Returns the number of variables in the context



    


    
      
        store_in_memory(context, key, value)

      


        Stores data in the associated memory (if present)



    


    
      
        to_map(context)

      


        Converts context variables to a map



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Chainex.Context{
  memory: Chainex.Memory.t() | nil,
  metadata: map(),
  session_id: String.t(),
  variables: map()
}


      



  


        

      

      
        Functions

        


    

  
    
      
    
    
      get(context, key, default \\ nil)



        
          
        

    

  


  

      

          @spec get(t(), any(), any()) :: any()


      


Retrieves a variable from the context with optional default
Examples
iex> context = Context.new(%{age: 25})
iex> Context.get(context, :age)
25

iex> context = Context.new(%{age: 25})
iex> Context.get(context, :missing, "default")
"default"

  



  
    
      
    
    
      get_from_memory(context, key)



        
          
        

    

  


  

      

          @spec get_from_memory(t(), any()) :: {:ok, any()} | {:error, atom()}


      


Retrieves data from the associated memory
Examples
iex> memory = Chainex.Memory.new(:buffer)
iex> context = Context.new(%{}, memory) |> Context.store_in_memory(:key, "value")
iex> Context.get_from_memory(context, :key)
{:ok, "value"}

iex> context_no_memory = Context.new()
iex> Context.get_from_memory(context_no_memory, :key)
{:error, :no_memory}

  



    

  
    
      
    
    
      get_metadata(context, key, default \\ nil)



        
          
        

    

  


  

      

          @spec get_metadata(t(), any(), any()) :: any()


      


Retrieves metadata from the context
Examples
iex> context = Context.new() |> Context.put_metadata(:retries, 3)
iex> Context.get_metadata(context, :retries)
3

iex> context = Context.new() |> Context.put_metadata(:retries, 3)
iex> Context.get_metadata(context, :missing, 0)
0

  



  
    
      
    
    
      keys(context)



        
          
        

    

  


  

      

          @spec keys(t()) :: [any()]


      


Returns all variable keys in the context
Examples
iex> context = Context.new(%{name: "Alice", age: 30})
iex> Context.keys(context)
[:name, :age]

  



  
    
      
    
    
      merge_vars(context, new_vars)



        
          
        

    

  


  

      

          @spec merge_vars(t(), map() | keyword()) :: t()


      


Merges new variables into the context
Examples
iex> context = Context.new(%{a: 1})
iex> merged = Context.merge_vars(context, %{b: 2, c: 3})
iex> merged.variables
%{a: 1, b: 2, c: 3}

  



    

    

  
    
      
    
    
      new(variables \\ %{}, memory \\ nil)



        
          
        

    

  


  

      

          @spec new(map(), any()) :: t()


      


Creates a new context with optional initial variables and memory
Examples
iex> context = Context.new()
iex> context.variables
%{}

iex> context = Context.new(%{user: "alice"})
iex> context.variables.user
"alice"

  



  
    
      
    
    
      put(context, key, value)



        
          
        

    

  


  

      

          @spec put(t(), any(), any()) :: t()


      


Stores a variable in the context
Examples
iex> context = Context.new()
iex> updated = Context.put(context, :name, "Bob")
iex> updated.variables.name
"Bob"

  



  
    
      
    
    
      put_metadata(context, key, value)



        
          
        

    

  


  

      

          @spec put_metadata(t(), any(), any()) :: t()


      


Stores metadata in the context
Examples
iex> context = Context.new()
iex> updated = Context.put_metadata(context, :step, 1)
iex> updated.metadata.step
1

  



  
    
      
    
    
      size(context)



        
          
        

    

  


  

      

          @spec size(t()) :: non_neg_integer()


      


Returns the number of variables in the context
Examples
iex> context = Context.new(%{a: 1, b: 2})
iex> Context.size(context)
2

  



  
    
      
    
    
      store_in_memory(context, key, value)



        
          
        

    

  


  

      

          @spec store_in_memory(t(), any(), any()) :: t()


      


Stores data in the associated memory (if present)
Examples
iex> memory = Chainex.Memory.new(:buffer)
iex> context = Context.new(%{}, memory)
iex> updated = Context.store_in_memory(context, :key, "value")
iex> updated.memory.storage[:key]
"value"

  



  
    
      
    
    
      to_map(context)



        
          
        

    

  


  

      

          @spec to_map(t()) :: map()


      


Converts context variables to a map
Examples
iex> context = Context.new(%{user: "bob"})
iex> Context.to_map(context)
%{user: "bob"}

  


        

      


  

    
Chainex.LLM.Ollama 
    



      
Ollama provider implementation for Chainex.LLM
Handles communication with local Ollama instances for running
open-source models like Llama, Mistral, CodeLlama, and others.
Configuration
config :chainex, Chainex.LLM,
  ollama: [
    model: "llama2",
    base_url: "http://localhost:11434",
    timeout: 60_000,
    keep_alive: "5m"
  ]
Supported Models
Any model available in your Ollama installation:
	llama2, llama2:7b, llama2:13b
	mistral, mistral:7b
	codellama, codellama:7b
	phi, gemma, qwen
	And many others

Features
	Chat completions
	Streaming responses
	Model management
	Local inference (no API keys needed)


      


      
        Summary


  
    Types
  


    
      
        config()

      


    





  
    Functions
  


    
      
        chat(messages, config)

      


        Send a chat completion request to Ollama



    


    
      
        count_tokens(messages, config)

      


        Count tokens for the given messages



    


    
      
        models(config)

      


        List available models from Ollama



    


    
      
        ping(config)

      


        Check if Ollama is running and accessible



    


    
      
        pull_model(model_name, config)

      


        Pull a model from Ollama registry



    


    
      
        stream_chat(messages, config)

      


        Stream a chat completion from Ollama



    





      


      
        Types

        


  
    
      
    
    
      config()



        
          
        

    

  


  

      

          @type config() :: [
  model: String.t(),
  base_url: String.t(),
  timeout: pos_integer(),
  temperature: float(),
  top_p: float(),
  top_k: pos_integer(),
  repeat_penalty: float(),
  seed: pos_integer(),
  num_predict: pos_integer(),
  keep_alive: String.t(),
  system: String.t() | nil
]


      



  


        

      

      
        Functions

        


  
    
      
    
    
      chat(messages, config)



        
          
        

    

  


  

      

          @spec chat(list(), config()) :: {:ok, map()} | {:error, any()}


      


Send a chat completion request to Ollama

  



  
    
      
    
    
      count_tokens(messages, config)



        
          
        

    

  


  

      

          @spec count_tokens(list(), config()) :: {:ok, pos_integer()} | {:error, any()}


      


Count tokens for the given messages
Uses a rough estimation since Ollama doesn't expose tokenization:
	~4 characters per token (varies by model)
	Additional tokens for message formatting


  



  
    
      
    
    
      models(config)



        
          
        

    

  


  

      

          @spec models(config()) :: {:ok, [String.t()]} | {:error, any()}


      


List available models from Ollama

  



  
    
      
    
    
      ping(config)



        
          
        

    

  


  

      

          @spec ping(config()) :: :ok | {:error, any()}


      


Check if Ollama is running and accessible

  



  
    
      
    
    
      pull_model(model_name, config)



        
          
        

    

  


  

      

          @spec pull_model(String.t(), config()) :: :ok | {:error, any()}


      


Pull a model from Ollama registry

  



  
    
      
    
    
      stream_chat(messages, config)



        
          
        

    

  


  

      

          @spec stream_chat(list(), config()) :: Enumerable.t()


      


Stream a chat completion from Ollama

  


        

      


  

    
Chainex.LLM.Provider behaviour
    



      
Behaviour for LLM providers in Chainex
Defines the interface that all LLM providers must implement to work
with the unified LLM interface.

      


      
        Summary


  
    Types
  


    
      
        config()

      


    


    
      
        message()

      


    


    
      
        messages()

      


    


    
      
        response()

      


    


    
      
        streaming_chunk()

      


    





  
    Callbacks
  


    
      
        chat(messages, config)

      


        Send a chat completion request to the provider



    


    
      
        count_tokens(messages, config)

      


        Count tokens for the given messages (optional)



    


    
      
        models(config)

      


        List available models from the provider (optional)



    


    
      
        stream_chat(messages, config)

      


        Stream a chat completion from the provider



    





      


      
        Types

        


  
    
      
    
    
      config()



        
          
        

    

  


  

      

          @type config() :: keyword()


      



  



  
    
      
    
    
      message()



        
          
        

    

  


  

      

          @type message() :: %{role: atom(), content: String.t()}


      



  



  
    
      
    
    
      messages()



        
          
        

    

  


  

      

          @type messages() :: [message()]


      



  



  
    
      
    
    
      response()



        
          
        

    

  


  

      

          @type response() :: %{
  content: String.t(),
  model: String.t(),
  provider: atom(),
  usage: %{
    prompt_tokens: pos_integer(),
    completion_tokens: pos_integer(),
    total_tokens: pos_integer()
  },
  finish_reason: String.t()
}


      



  



  
    
      
    
    
      streaming_chunk()



        
          
        

    

  


  

      

          @type streaming_chunk() :: %{content: String.t(), delta: String.t(), done: boolean()}


      



  


        

      

      
        Callbacks

        


  
    
      
    
    
      chat(messages, config)



        
          
        

    

  


  

      

          @callback chat(messages(), config()) :: {:ok, response()} | {:error, any()}


      


Send a chat completion request to the provider

  



  
    
      
    
    
      count_tokens(messages, config)


        (optional)


        
          
        

    

  


  

      

          @callback count_tokens(messages(), config()) :: {:ok, pos_integer()} | {:error, any()}


      


Count tokens for the given messages (optional)

  



  
    
      
    
    
      models(config)


        (optional)


        
          
        

    

  


  

      

          @callback models(config()) :: {:ok, [String.t()]} | {:error, any()}


      


List available models from the provider (optional)

  



  
    
      
    
    
      stream_chat(messages, config)



        
          
        

    

  


  

      

          @callback stream_chat(messages(), config()) :: Enumerable.t()


      


Stream a chat completion from the provider

  


        

      


  

    
Chainex.Memory.Migration 
    



      
Database migration helpers for Chainex Memory
Provides utilities to create the necessary database tables for memory persistence.
Usage
Add to your migration file:
defmodule MyApp.Repo.Migrations.CreateChainexMemory do
  use Ecto.Migration
  import Chainex.Memory.Migration

  def change do
    create_memory_table()
    # or with custom table name:
    # create_memory_table("my_custom_memory_table")
  end
end
Manual Schema Creation
If you prefer to create the table manually:
create table(:chainex_memory, primary_key: false) do
  add :key, :text, primary_key: true
  add :value, :binary, null: false
  add :access_count, :integer, null: false, default: 0
  add :created_at, :bigint, null: false
  add :updated_at, :bigint, null: false
  add :last_access, :bigint, null: false
end

create index(:chainex_memory, [:access_count])
create index(:chainex_memory, [:last_access])
create index(:chainex_memory, [:created_at])

      


      
        Summary


  
    Functions
  


    
      
        add_memory_table(table \\ "chainex_memory", opts \\ [])

      


        Adds the memory table to an existing database



    


    
      
        create_memory_indexes(table \\ "chainex_memory")

      


        Creates performance indexes for the memory table



    


    
      
        create_memory_table()

      


        Creates the memory table with the required schema



    


    
      
        create_memory_table(table)

      


    


    
      
        create_memory_table(table, opts)

      


    


    
      
        drop_memory_indexes(table \\ "chainex_memory")

      


        Drops the performance indexes for the memory table



    


    
      
        drop_memory_table()

      


        Drops the memory table



    


    
      
        drop_memory_table(table)

      


    


    
      
        remove_memory_table(table \\ "chainex_memory")

      


        Removes the memory table from the database



    


    
      
        upgrade_memory_table(table \\ "chainex_memory")

      


        Upgrades the memory table schema



    





      


      
        Functions

        


    

    

  
    
      
    
    
      add_memory_table(table \\ "chainex_memory", opts \\ [])



        
          
        

    

  


  

      

          @spec add_memory_table(
  String.t(),
  keyword()
) :: :ok


      


Adds the memory table to an existing database
Useful for adding memory persistence to an existing application.
Examples
add_memory_table()
add_memory_table("custom_memory")

  



    

  
    
      
    
    
      create_memory_indexes(table \\ "chainex_memory")



        
          
        

    

  


  

      

          @spec create_memory_indexes(String.t()) :: :ok


      


Creates performance indexes for the memory table
These indexes optimize:
	LFU pruning (access_count)
	LRU pruning (last_access)
	TTL pruning (created_at)

Examples
create_memory_indexes()
create_memory_indexes("my_memory")

  



  
    
      
    
    
      create_memory_table()



        
          
        

    

  


  

      

          @spec create_memory_table() :: :ok


      


Creates the memory table with the required schema
This function should be called within a migration in the consuming application.
Options
	table - Table name (defaults to "chainex_memory")
	create_indexes - Whether to create performance indexes (defaults to true)

Examples
# In your application's migration:
defmodule MyApp.Repo.Migrations.CreateChainexMemory do
  use Ecto.Migration
  import Chainex.Memory.Migration

  def change do
    create_memory_table()
  end
end

# With custom table name:
create_memory_table("my_memory")

# Without indexes:
create_memory_table("custom_memory", create_indexes: false)

  



  
    
      
    
    
      create_memory_table(table)



        
          
        

    

  


  

      

          @spec create_memory_table(String.t()) :: :ok


      



  



  
    
      
    
    
      create_memory_table(table, opts)



        
          
        

    

  


  

      

          @spec create_memory_table(
  String.t(),
  keyword()
) :: :ok


      



  



    

  
    
      
    
    
      drop_memory_indexes(table \\ "chainex_memory")



        
          
        

    

  


  

      

          @spec drop_memory_indexes(String.t()) :: :ok


      


Drops the performance indexes for the memory table
Examples
drop_memory_indexes()
drop_memory_indexes("my_memory")

  



  
    
      
    
    
      drop_memory_table()



        
          
        

    

  


  

      

          @spec drop_memory_table() :: :ok


      


Drops the memory table
Examples
drop_memory_table()
drop_memory_table("my_memory")

  



  
    
      
    
    
      drop_memory_table(table)



        
          
        

    

  


  

      

          @spec drop_memory_table(String.t()) :: :ok


      



  



    

  
    
      
    
    
      remove_memory_table(table \\ "chainex_memory")



        
          
        

    

  


  

      

          @spec remove_memory_table(String.t()) :: :ok


      


Removes the memory table from the database
Examples
remove_memory_table()
remove_memory_table("custom_memory")

  



    

  
    
      
    
    
      upgrade_memory_table(table \\ "chainex_memory")



        
          
        

    

  


  

      

          @spec upgrade_memory_table(String.t()) :: :ok


      


Upgrades the memory table schema
This function can be used to upgrade existing memory tables
to support new features or fix schema issues.
Examples
upgrade_memory_table()
upgrade_memory_table("my_memory")

  


        

      


  

    
Chainex.Prompt 
    



      
String templating and formatting for Chainex workflows
Provides template parsing, variable substitution, conditional rendering,
and formatting utilities for creating dynamic prompts in LLM chains.
Supports multiple template formats:
	Mustache-style: {{variable}}
	Python-style: {variable}
	Custom delimiters

Template Features
	Variable substitution
	Nested object access (e.g., {{user.name}})
	Conditional blocks ({{#if condition}}...{{/if}})
	Loops ({{#each items}}...{{/each}})
	Filters and transformations


      


      
        Summary


  
    Types
  


    
      
        t()

      


    


    
      
        template_format()

      


    





  
    Functions
  


    
      
        compile(template, options \\ %{})

      


        Compiles a template string into a reusable function



    


    
      
        format_conditional(template, variables, options \\ %{})

      


        Formats a template with conditional blocks



    


    
      
        format_loop(template, variables, options \\ %{})

      


        Formats a template with loops



    


    
      
        new(template, variables \\ %{}, options \\ %{})

      


        Creates a new prompt template



    


    
      
        render(prompt, variables \\ %{})

      


        Renders a template with the given variables



    


    
      
        render!(prompt, variables \\ %{})

      


        Renders a template with variables, raising on error



    


    
      
        validate(prompt)

      


        Validates a template and returns any errors



    


    
      
        variables(prompt)

      


        Lists all variables referenced in a template



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Chainex.Prompt{options: map(), template: String.t(), variables: map()}


      



  



  
    
      
    
    
      template_format()



        
          
        

    

  


  

      

          @type template_format() :: :mustache | :python | :custom


      



  


        

      

      
        Functions

        


    

  
    
      
    
    
      compile(template, options \\ %{})



        
          
        

    

  


  

      

          @spec compile(String.t(), map()) :: (map() -> String.t())


      


Compiles a template string into a reusable function
Examples
iex> compiled = Prompt.compile("Hello {{name}}!")
iex> compiled.(%{name: "Charlie"})
"Hello Charlie!"

  



    

  
    
      
    
    
      format_conditional(template, variables, options \\ %{})



        
          
        

    

  


  

      

          @spec format_conditional(String.t(), map(), map()) ::
  {:ok, String.t()} | {:error, term()}


      


Formats a template with conditional blocks
Examples
iex> template = "Hello {{name}}!"
iex> Prompt.format_conditional(template, %{name: "Dave"})
{:ok, "Hello Dave!"}

iex> template = "Hello {{name}}!"
iex> Prompt.format_conditional(template, %{})
{:ok, "Hello !"}

  



    

  
    
      
    
    
      format_loop(template, variables, options \\ %{})



        
          
        

    

  


  

      

          @spec format_loop(String.t(), map(), map()) :: {:ok, String.t()} | {:error, term()}


      


Formats a template with loops
Examples
iex> template = "Items: {{items}}"
iex> variables = %{items: ["apple", "banana"]}
iex> Prompt.format_loop(template, variables)
{:ok, ~s(Items: ["apple", "banana"])}

  



    

    

  
    
      
    
    
      new(template, variables \\ %{}, options \\ %{})



        
          
        

    

  


  

      

          @spec new(String.t(), map(), map()) :: t()


      


Creates a new prompt template
Examples
iex> prompt = Prompt.new("Hello {{name}}!")
iex> prompt.template
"Hello {{name}}!"

iex> prompt = Prompt.new("Hello {name}!", %{}, %{format: :python})
iex> prompt.options.format
:python

  



    

  
    
      
    
    
      render(prompt, variables \\ %{})



        
          
        

    

  


  

      

          @spec render(t(), map()) :: {:ok, String.t()} | {:error, term()}


      


Renders a template with the given variables
Examples
iex> prompt = Prompt.new("Hello {{name}}!")
iex> Prompt.render(prompt, %{name: "Alice"})
{:ok, "Hello Alice!"}

iex> prompt = Prompt.new("Age: {{user.age}}")
iex> Prompt.render(prompt, %{user: %{age: 25}})
{:ok, "Age: 25"}

iex> prompt = Prompt.new("Hello {{missing}}!", %{}, %{strict: true})
iex> Prompt.render(prompt, %{})
{:error, {:missing_variable, "missing"}}

  



    

  
    
      
    
    
      render!(prompt, variables \\ %{})



        
          
        

    

  


  

      

          @spec render!(t(), map()) :: String.t()


      


Renders a template with variables, raising on error
Examples
iex> prompt = Prompt.new("Hello {{name}}!")
iex> Prompt.render!(prompt, %{name: "Bob"})
"Hello Bob!"

  



  
    
      
    
    
      validate(prompt)



        
          
        

    

  


  

      

          @spec validate(t()) :: :ok | {:error, term()}


      


Validates a template and returns any errors
Examples
iex> prompt = Prompt.new("Hello {{name}}!")
iex> Prompt.validate(prompt)
:ok

iex> prompt = Prompt.new("Hello {{unclosed")
iex> Prompt.validate(prompt)
{:error, {:invalid_syntax, "Unclosed template tag at position 6"}}

iex> prompt = Prompt.new("Hello {{}}!")
iex> Prompt.validate(prompt)
{:error, {:invalid_syntax, "Empty variable name"}}

iex> prompt = Prompt.new("Hello {{.invalid}}!")
iex> Prompt.validate(prompt)
{:error, {:invalid_syntax, "Invalid variable name '.invalid'"}}

  



  
    
      
    
    
      variables(prompt)



        
          
        

    

  


  

      

          @spec variables(t()) :: [String.t()]


      


Lists all variables referenced in a template
Examples
iex> prompt = Prompt.new("Hello {{name}}, you are {{age}} years old!")
iex> Prompt.variables(prompt)
["name", "age"]

iex> prompt = Prompt.new("User: {{user.name}} ({{user.email}})")
iex> Prompt.variables(prompt)
["user.name", "user.email"]

  


        

      


  

    
Chainex.Tool.Registry 
    



      
Registry for managing multiple tools
Provides a centralized way to register, lookup, and manage tools
in a Chainex workflow.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        all_tools(registry)

      


        Gets all tools as a list



    


    
      
        call(registry, tool_name, params)

      


        Calls a tool from the registry



    


    
      
        get(registry, name)

      


        Gets a tool from the registry by name



    


    
      
        get!(registry, name)

      


        Gets a tool from the registry by name, raising if not found



    


    
      
        list_tools(registry)

      


        Lists all tool names in the registry



    


    
      
        new(tools \\ [], options \\ %{})

      


        Creates a new tool registry



    


    
      
        register(registry, tool)

      


        Registers a tool in the registry



    


    
      
        size(registry)

      


        Returns the number of tools in the registry



    


    
      
        unregister(registry, name)

      


        Removes a tool from the registry



    


    
      
        validate_all(registry)

      


        Validates all tools in the registry



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Chainex.Tool.Registry{
  options: map(),
  tools: %{required(atom() | String.t()) => Chainex.Tool.t()}
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      all_tools(registry)



        
          
        

    

  


  

      

          @spec all_tools(t()) :: [Chainex.Tool.t()]


      


Gets all tools as a list
Examples
iex> tool1 = Tool.new(name: "tool1", description: "First", parameters: %{}, function: fn _ -> {:ok, "result"} end)
iex> tool2 = Tool.new(name: "tool2", description: "Second", parameters: %{}, function: fn _ -> {:ok, "result"} end)
iex> registry = Tool.Registry.new([tool1, tool2])
iex> tools = Tool.Registry.all_tools(registry)
iex> length(tools)
2

  



  
    
      
    
    
      call(registry, tool_name, params)



        
          
        

    

  


  

      

          @spec call(t(), atom() | String.t(), map()) :: {:ok, any()} | {:error, term()}


      


Calls a tool from the registry
Examples
iex> tool = Tool.new(
...>   name: "add",
...>   description: "Add numbers",
...>   parameters: %{a: %{type: :number, required: true}, b: %{type: :number, required: true}},
...>   function: fn %{a: a, b: b} -> {:ok, a + b} end
...> )
iex> registry = Tool.Registry.new([tool])
iex> Tool.Registry.call(registry, "add", %{a: 2, b: 3})
{:ok, 5}

iex> registry = Tool.Registry.new()
iex> Tool.Registry.call(registry, "missing", %{})
{:error, :tool_not_found}

  



  
    
      
    
    
      get(registry, name)



        
          
        

    

  


  

      

          @spec get(t(), atom() | String.t()) ::
  {:ok, Chainex.Tool.t()} | {:error, :tool_not_found}


      


Gets a tool from the registry by name
Examples
iex> tool = Tool.new(name: "example", description: "Example", parameters: %{}, function: fn _ -> {:ok, "result"} end)
iex> registry = Tool.Registry.new([tool])
iex> {:ok, retrieved} = Tool.Registry.get(registry, "example")
iex> retrieved.name
"example"

iex> registry = Tool.Registry.new()
iex> Tool.Registry.get(registry, "missing")
{:error, :tool_not_found}

  



  
    
      
    
    
      get!(registry, name)



        
          
        

    

  


  

      

          @spec get!(t(), atom() | String.t()) :: Chainex.Tool.t()


      


Gets a tool from the registry by name, raising if not found
Examples
iex> tool = Tool.new(name: "example", description: "Example", parameters: %{}, function: fn _ -> {:ok, "result"} end)
iex> registry = Tool.Registry.new([tool])
iex> retrieved = Tool.Registry.get!(registry, "example")
iex> retrieved.name
"example"

  



  
    
      
    
    
      list_tools(registry)



        
          
        

    

  


  

      

          @spec list_tools(t()) :: [atom() | String.t()]


      


Lists all tool names in the registry
Examples
iex> tools = [
...>   Tool.new(name: "tool1", description: "First", parameters: %{}, function: fn _ -> {:ok, "result"} end),
...>   Tool.new(name: "tool2", description: "Second", parameters: %{}, function: fn _ -> {:ok, "result"} end)
...> ]
iex> registry = Tool.Registry.new(tools)
iex> names = Tool.Registry.list_tools(registry)
iex> Enum.sort(names)
["tool1", "tool2"]

  



    

    

  
    
      
    
    
      new(tools \\ [], options \\ %{})



        
          
        

    

  


  

      

          @spec new([Chainex.Tool.t()], map()) :: t()


      


Creates a new tool registry
Examples
iex> registry = Tool.Registry.new()
iex> Tool.Registry.size(registry)
0

iex> tools = [
...>   Tool.new(name: "tool1", description: "First tool", parameters: %{}, function: fn _ -> {:ok, "result"} end),
...>   Tool.new(name: "tool2", description: "Second tool", parameters: %{}, function: fn _ -> {:ok, "result"} end)
...> ]
iex> registry = Tool.Registry.new(tools)
iex> Tool.Registry.size(registry)
2

  



  
    
      
    
    
      register(registry, tool)



        
          
        

    

  


  

      

          @spec register(t(), Chainex.Tool.t()) :: t()


      


Registers a tool in the registry
Examples
iex> registry = Tool.Registry.new()
iex> tool = Tool.new(name: "test", description: "Test tool", parameters: %{}, function: fn _ -> {:ok, "result"} end)
iex> updated = Tool.Registry.register(registry, tool)
iex> Tool.Registry.size(updated)
1

  



  
    
      
    
    
      size(registry)



        
          
        

    

  


  

      

          @spec size(t()) :: non_neg_integer()


      


Returns the number of tools in the registry
Examples
iex> registry = Tool.Registry.new()
iex> Tool.Registry.size(registry)
0

iex> tool = Tool.new(name: "test", description: "Test", parameters: %{}, function: fn _ -> {:ok, "result"} end)
iex> registry = Tool.Registry.new([tool])
iex> Tool.Registry.size(registry)
1

  



  
    
      
    
    
      unregister(registry, name)



        
          
        

    

  


  

      

          @spec unregister(t(), atom() | String.t()) :: t()


      


Removes a tool from the registry
Examples
iex> tool = Tool.new(name: "test", description: "Test", parameters: %{}, function: fn _ -> {:ok, "result"} end)
iex> registry = Tool.Registry.new([tool])
iex> Tool.Registry.size(registry)
1
iex> updated = Tool.Registry.unregister(registry, "test")
iex> Tool.Registry.size(updated)
0

  



  
    
      
    
    
      validate_all(registry)



        
          
        

    

  


  

      

          @spec validate_all(t()) :: :ok | {:error, term()}


      


Validates all tools in the registry
Examples
iex> valid_tool = Tool.new(name: "valid", description: "Valid", parameters: %{}, function: fn _ -> {:ok, "result"} end)
iex> registry = Tool.Registry.new([valid_tool])
iex> Tool.Registry.validate_all(registry)
:ok

  


        

      


  

    
Chainex.Tools.Calculator 
    



      
Calculator tool for performing mathematical calculations.

      


      
        Summary


  
    Functions
  


    
      
        evaluate(map)

      


        Evaluates a mathematical expression.



    


    
      
        new()

      


        Creates a calculator tool that can evaluate mathematical expressions.



    





      


      
        Functions

        


  
    
      
    
    
      evaluate(map)



        
          
        

    

  


  

Evaluates a mathematical expression.
Examples
iex> Calculator.evaluate(%{expression: "2 + 3"})
{:ok, 5}

iex> Calculator.evaluate(%{expression: "sqrt(16)"})
{:ok, 4.0}

iex> Calculator.evaluate(%{expression: "invalid expression"})
{:error, "Invalid mathematical expression"}

  



  
    
      
    
    
      new()



        
          
        

    

  


  

Creates a calculator tool that can evaluate mathematical expressions.

  


        

      


  

    
Chainex.Tools.TextProcessor 
    



      
Text processing tools for common text manipulation tasks.

      


      
        Summary


  
    Functions
  


    
      
        case_converter_tool()

      


        Creates a text case converter tool.



    


    
      
        convert_case(map)

      


    


    
      
        count_text(map)

      


    


    
      
        search_replace(map)

      


    


    
      
        search_replace_tool()

      


        Creates a text search and replace tool.



    


    
      
        text_length_tool()

      


        Creates a text length counter tool.



    





      


      
        Functions

        


  
    
      
    
    
      case_converter_tool()



        
          
        

    

  


  

Creates a text case converter tool.

  



  
    
      
    
    
      convert_case(map)



        
          
        

    

  


  


  



  
    
      
    
    
      count_text(map)



        
          
        

    

  


  


  



  
    
      
    
    
      search_replace(map)



        
          
        

    

  


  


  



  
    
      
    
    
      search_replace_tool()



        
          
        

    

  


  

Creates a text search and replace tool.

  



  
    
      
    
    
      text_length_tool()



        
          
        

    

  


  

Creates a text length counter tool.

  


        

      


  

    
Chainex.Tools.Weather 
    



      
Weather tool for getting current weather information.
Note: This is a mock implementation for demonstration purposes.
In a real application, you would integrate with a weather API.

      


      
        Summary


  
    Functions
  


    
      
        get_weather(map)

      


        Gets weather information for a location.



    


    
      
        new()

      


        Creates a weather tool that can get current weather for a location.



    





      


      
        Functions

        


  
    
      
    
    
      get_weather(map)



        
          
        

    

  


  

Gets weather information for a location.
Examples
iex> Weather.get_weather(%{location: "New York"})
{:ok, %{temperature: 22, condition: "partly cloudy", humidity: 65, wind: "5 mph SW"}}

  



  
    
      
    
    
      new()



        
          
        

    

  


  

Creates a weather tool that can get current weather for a location.

  


        

      


  

    
Chainex.Chain 
    



      
A chain represents a sequence of LLM operations and transformations.
Chains are immutable data structures that can be built once and executed many times.
Examples
# Simple chain
chain = Chain.new("What is {{topic}}?")
|> Chain.llm(:openai)
|> Chain.run(%{topic: "quantum computing"})

# Chain with system prompt
chain = Chain.new(
  system: "You are a helpful {{role}} expert",
  user: "Explain {{concept}}"
)
|> Chain.llm(:openai)
|> Chain.run(%{role: "physics", concept: "entanglement"})

      


      
        Summary


  
    Types
  


    
      
        step()

      


    


    
      
        step_type()

      


    


    
      
        t()

      


    


    
      
        variables()

      


    





  
    Functions
  


    
      
        llm(chain, provider, opts \\ [])

      


        Adds an LLM step to the chain.



    


    
      
        llm_if(chain, predicate, if_provider, else_provider)

      


        Conditionally selects an LLM provider based on a predicate.



    


    
      
        llm_with_capability(chain, capability, opts \\ [])

      


        Selects an LLM that supports the required capability.



    


    
      
        new(user_message)

      


        Creates a new chain.



    


    
      
        parallel_llm(chain, providers)

      


        Executes multiple LLMs in parallel and returns all results.



    


    
      
        parse(chain, parser_type, schema_or_module \\ nil)

      


        Adds a parsing step to the chain.



    


    
      
        prompt(chain, template, opts \\ [])

      


        Adds a prompt template step to the chain.



    


    
      
        require_variables(chain, required_vars)

      


        Specifies required variables for the chain.



    


    
      
        route_llm(chain, router, opts \\ [])

      


        Routes to an appropriate LLM based on a routing function or map.



    


    
      
        run(chain, variables \\ %{})

      


        Executes the chain with the given variables.



    


    
      
        run!(chain, variables \\ %{})

      


        Executes the chain and raises on error.



    


    
      
        run_with_metadata(chain, variables \\ %{})

      


        Runs the chain and returns result with metadata.



    


    
      
        tool(chain, name, params \\ [])

      


        Adds a tool calling step to the chain.



    


    
      
        transform(chain, transform_fn)

      


        Adds a transform step to the chain.



    


    
      
        with_fallback(chain, fallback)

      


        Sets a fallback value if the chain fails.



    


    
      
        with_memory(chain, memory_type, options \\ [])

      


        Adds memory configuration to the chain.



    


    
      
        with_metadata(chain, metadata)

      


        Adds metadata to the chain.



    


    
      
        with_retry(chain, opts \\ [])

      


        Configures automatic retry on failures.



    


    
      
        with_session(chain, session_id)

      


        Sets a session ID for memory management.



    


    
      
        with_timeout(chain, timeout_ms)

      


        Sets timeout for chain execution.



    


    
      
        with_tools(chain, tools)

      


        Adds tools to the chain.



    





      


      
        Types

        


  
    
      
    
    
      step()



        
          
        

    

  


  

      

          @type step() :: {step_type(), any(), keyword()}


      



  



  
    
      
    
    
      step_type()



        
          
        

    

  


  

      

          @type step_type() :: :llm | :transform | :prompt | :tool | :parse | :conditional


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Chainex.Chain{
  options: keyword(),
  steps: [step()],
  system_prompt: String.t() | nil,
  user_prompt: String.t() | any()
}


      



  



  
    
      
    
    
      variables()



        
          
        

    

  


  

      

          @type variables() :: %{required(atom()) => any()} | %{required(String.t()) => any()}


      



  


        

      

      
        Functions

        


    

  
    
      
    
    
      llm(chain, provider, opts \\ [])



        
          
        

    

  


  

      

          @spec llm(t(), atom(), keyword()) :: t()


      


Adds an LLM step to the chain.
Options
	:model - The model to use (e.g., "gpt-4", "claude-3")
	:temperature - Temperature for randomness (0.0 to 1.0)
	:max_tokens - Maximum tokens to generate
	:tools - Tool calling mode (:auto, :none, or specific tool)
	:retries - Number of retries on failure

Examples
chain |> Chain.llm(:openai)
chain |> Chain.llm(:anthropic, model: "claude-3-opus")

  



  
    
      
    
    
      llm_if(chain, predicate, if_provider, else_provider)



        
          
        

    

  


  

      

          @spec llm_if(t(), function(), {atom(), keyword()}, {atom(), keyword()}) :: t()


      


Conditionally selects an LLM provider based on a predicate.
Examples
chain |> Chain.llm_if(
  fn _input, vars -> vars.use_premium end,
  {:openai, model: "gpt-4"},
  {:openai, model: "gpt-3.5-turbo"}
)

  



    

  
    
      
    
    
      llm_with_capability(chain, capability, opts \\ [])



        
          
        

    

  


  

      

          @spec llm_with_capability(t(), atom(), keyword()) :: t()


      


Selects an LLM that supports the required capability.
Examples
chain |> Chain.llm_with_capability(:long_context, max_tokens: 100_000)
chain |> Chain.llm_with_capability(:image_generation)

  



  
    
      
    
    
      new(user_message)



        
          
        

    

  


  

      

          @spec new(String.t()) :: t()


          @spec new(keyword()) :: t()


      


Creates a new chain.
Examples
# With just a user message
Chain.new("What is {{topic}}?")

# With system and user prompts
Chain.new(
  system: "You are a helpful assistant",
  user: "Help me with {{task}}"
)

  



  
    
      
    
    
      parallel_llm(chain, providers)



        
          
        

    

  


  

      

          @spec parallel_llm(t(), [{atom(), keyword()}]) :: t()


      


Executes multiple LLMs in parallel and returns all results.
Examples
chain |> Chain.parallel_llm([
  {:openai, model: "gpt-4"},
  {:anthropic, model: "claude-3-opus"}
])

  



    

  
    
      
    
    
      parse(chain, parser_type, schema_or_module \\ nil)



        
          
        

    

  


  

      

          @spec parse(t(), atom() | function(), any()) :: t()


      


Adds a parsing step to the chain.
Examples
# Parse as JSON
chain |> Chain.parse(:json)

# Parse with schema validation
chain |> Chain.parse(:json, %{name: :string, age: :integer})

# Parse into struct
chain |> Chain.parse(:struct, MyModule)

  



    

  
    
      
    
    
      prompt(chain, template, opts \\ [])



        
          
        

    

  


  

      

          @spec prompt(t(), String.t() | Chainex.Prompt.t(), keyword()) :: t()


      


Adds a prompt template step to the chain.
Examples
chain |> Chain.prompt("Analyze this: {{input}}")

  



  
    
      
    
    
      require_variables(chain, required_vars)



        
          
        

    

  


  

      

          @spec require_variables(t(), [atom()]) :: t()


      


Specifies required variables for the chain.
Examples
chain |> Chain.require_variables([:topic, :language])

  



    

  
    
      
    
    
      route_llm(chain, router, opts \\ [])



        
          
        

    

  


  

      

          @spec route_llm(t(), map() | function(), keyword()) :: t()


      


Routes to an appropriate LLM based on a routing function or map.
Examples
# Route based on task type
chain |> Chain.route_llm(%{
  reasoning: {:openai, model: "gpt-4"},
  summary: {:anthropic, model: "claude-3-haiku"}
}, task: :reasoning)

# Dynamic routing based on input
chain |> Chain.route_llm(fn input ->
  if String.length(input) > 10000 do
    {:anthropic, model: "claude-3-opus"}
  else
    {:openai, model: "gpt-4"}
  end
end)

  



    

  
    
      
    
    
      run(chain, variables \\ %{})



        
          
        

    

  


  

      

          @spec run(t(), variables()) :: {:ok, any()} | {:error, any()}


      


Executes the chain with the given variables.
Examples
{:ok, result} = chain |> Chain.run(%{topic: "AI"})

  



    

  
    
      
    
    
      run!(chain, variables \\ %{})



        
          
        

    

  


  

      

          @spec run!(t(), variables()) :: any()


      


Executes the chain and raises on error.
Examples
result = chain |> Chain.run!(%{topic: "AI"})

  



    

  
    
      
    
    
      run_with_metadata(chain, variables \\ %{})



        
          
        

    

  


  

      

          @spec run_with_metadata(t(), variables()) :: {:ok, any(), map()} | {:error, any()}


      


Runs the chain and returns result with metadata.
Examples
{:ok, result, metadata} = Chain.run_with_metadata(chain)
IO.puts("Total cost: #{metadata.total_cost}")
IO.puts("Total tokens: #{metadata.total_tokens}")

  



    

  
    
      
    
    
      tool(chain, name, params \\ [])



        
          
        

    

  


  

      

          @spec tool(t(), atom(), keyword()) :: t()


      


Adds a tool calling step to the chain.
Examples
chain |> Chain.tool(:calculator, expression: "{{calculation}}")

  



  
    
      
    
    
      transform(chain, transform_fn)



        
          
        

    

  


  

      

          @spec transform(t(), function()) :: t()


      


Adds a transform step to the chain.
The transform function receives the previous step's output and optionally the variables.
Examples
# Simple transform
chain |> Chain.transform(&String.upcase/1)

# Transform with variables
chain |> Chain.transform(fn result, vars ->
  "Result for #{vars.topic}: #{result}"
end)

  



  
    
      
    
    
      with_fallback(chain, fallback)



        
          
        

    

  


  

      

          @spec with_fallback(t(), any() | (any() -> any())) :: t()


      


Sets a fallback value if the chain fails.
Examples
# Return default message on failure
chain |> Chain.with_fallback("Sorry, something went wrong. Please try again.")

# Use a function for dynamic fallback
chain |> Chain.with_fallback(fn _error -> "Service temporarily unavailable" end)

  



    

  
    
      
    
    
      with_memory(chain, memory_type, options \\ [])



        
          
        

    

  


  

      

          @spec with_memory(t(), atom(), keyword() | map()) :: t()


      


Adds memory configuration to the chain.
Examples
# Simple conversation memory (uses ETS)
chain |> Chain.with_memory(:conversation)

# Buffer memory
chain |> Chain.with_memory(:buffer)

# Persistent memory with file backend
chain |> Chain.with_memory(:persistent, file_path: "/tmp/memory.dat")

# Persistent memory with database backend
chain |> Chain.with_memory(:persistent, 
  backend: :database, 
  repo: MyApp.Repo, 
  table: "chainex_memory"
)

# With pruning options
chain |> Chain.with_memory(:persistent,
  file_path: "/tmp/memory.dat",
  max_size: 100,
  prune_strategy: :lru,
  auto_prune: true
)

  



  
    
      
    
    
      with_metadata(chain, metadata)



        
          
        

    

  


  

      

          @spec with_metadata(t(), map()) :: t()


      


Adds metadata to the chain.
Examples
chain |> Chain.with_metadata(%{user_id: "123", session: "abc"})

  



    

  
    
      
    
    
      with_retry(chain, opts \\ [])



        
          
        

    

  


  

      

          @spec with_retry(
  t(),
  keyword()
) :: t()


      


Configures automatic retry on failures.
Options
	:max_attempts - Maximum retry attempts (default: 3)
	:delay - Delay between retries in milliseconds (default: 1000)

Examples
# Retry up to 3 times with 1 second delay
chain |> Chain.with_retry()

# Custom retry configuration
chain |> Chain.with_retry(max_attempts: 5, delay: 2000)

  



  
    
      
    
    
      with_session(chain, session_id)



        
          
        

    

  


  

      

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


      


Sets a session ID for memory management.
Examples
chain |> Chain.with_session("user_123")

  



  
    
      
    
    
      with_timeout(chain, timeout_ms)



        
          
        

    

  


  

      

          @spec with_timeout(t(), non_neg_integer()) :: t()


      


Sets timeout for chain execution.
Examples
# 10 second timeout
chain |> Chain.with_timeout(10_000)

  



  
    
      
    
    
      with_tools(chain, tools)



        
          
        

    

  


  

      

          @spec with_tools(t(), [Chainex.Tool.t()]) :: t()


      


Adds tools to the chain.
Examples
chain |> Chain.with_tools([weather_tool, calculator_tool])

  


        

      


  

    
Chainex.LLM 
    



      
Language Model interface for Chainex
Provides a unified interface for interacting with various LLM providers
including OpenAI, Anthropic, and local models through Ollama.
Configuration
Configure LLM settings globally or per-request:
config :chainex, Chainex.LLM,
  default_provider: :openai,
  openai: [
    api_key: {:system, "OPENAI_API_KEY"},
    model: "gpt-4o-mini",
    base_url: "https://api.openai.com/v1"
  ],
  anthropic: [
    api_key: {:system, "ANTHROPIC_API_KEY"},
    model: "claude-3-5-sonnet-20241022",
    base_url: "https://api.anthropic.com/v1"
  ],
  ollama: [
    model: "llama2",
    base_url: "http://localhost:11434"
  ]
Basic Usage
# Simple completion
{:ok, response} = LLM.complete("Hello, world!")

# With specific provider and model
{:ok, response} = LLM.complete("Hello!", provider: :openai, model: "gpt-4o")

# Chat-style conversation
messages = [
  %{role: "user", content: "What is the capital of France?"}
]
{:ok, response} = LLM.chat(messages)
Advanced Features
	Multiple provider support (OpenAI, Anthropic, Ollama)
	Streaming responses
	Token counting and usage tracking
	Custom model parameters
	Context integration
	Memory integration for conversation history


      


      
        Summary


  
    Types
  


    
      
        completion_options()

      


    


    
      
        config()

      


    


    
      
        message()

      


    


    
      
        messages()

      


    


    
      
        model()

      


    


    
      
        provider()

      


    


    
      
        response()

      


    


    
      
        role()

      


    


    
      
        streaming_chunk()

      


    





  
    Functions
  


    
      
        chat(messages, opts \\ [])

      


        Chat-style completion with message history



    


    
      
        complete(prompt, opts \\ [])

      


        Simple text completion with a single prompt



    


    
      
        complete_with_context(prompt, context, opts \\ [])

      


        Complete with context integration



    


    
      
        count_tokens(input, opts \\ [])

      


        Count tokens for a given text or messages



    


    
      
        models(provider)

      


        Get available models for a provider



    


    
      
        stream(prompt, opts \\ [])

      


        Stream completions for real-time responses



    


    
      
        stream_chat(messages, opts \\ [])

      


        Stream chat completions



    





      


      
        Types

        


  
    
      
    
    
      completion_options()



        
          
        

    

  


  

      

          @type completion_options() :: [
  provider: provider(),
  model: model(),
  temperature: float(),
  max_tokens: pos_integer(),
  top_p: float(),
  frequency_penalty: float(),
  presence_penalty: float(),
  stop: String.t() | [String.t()],
  stream: boolean(),
  tools: [map()],
  tool_choice: String.t() | map()
]


      



  



  
    
      
    
    
      config()



        
          
        

    

  


  

      

          @type config() :: keyword()


      



  



  
    
      
    
    
      message()



        
          
        

    

  


  

      

          @type message() ::
  %{role: role(), content: String.t()}
  | %{role: role(), content: String.t(), name: String.t()}


      



  



  
    
      
    
    
      messages()



        
          
        

    

  


  

      

          @type messages() :: [message()]


      



  



  
    
      
    
    
      model()



        
          
        

    

  


  

      

          @type model() :: String.t()


      



  



  
    
      
    
    
      provider()



        
          
        

    

  


  

      

          @type provider() :: :openai | :anthropic | :ollama | :mock


      



  



  
    
      
    
    
      response()



        
          
        

    

  


  

      

          @type response() ::
  %{
    content: String.t(),
    model: String.t(),
    provider: provider(),
    usage: %{
      prompt_tokens: pos_integer(),
      completion_tokens: pos_integer(),
      total_tokens: pos_integer()
    },
    finish_reason: String.t()
  }
  | %{
      content: String.t(),
      model: String.t(),
      provider: provider(),
      usage: %{
        prompt_tokens: pos_integer(),
        completion_tokens: pos_integer(),
        total_tokens: pos_integer()
      },
      finish_reason: String.t(),
      tool_calls: [map()]
    }


      



  



  
    
      
    
    
      role()



        
          
        

    

  


  

      

          @type role() :: :system | :user | :assistant | :tool


      



  



  
    
      
    
    
      streaming_chunk()



        
          
        

    

  


  

      

          @type streaming_chunk() :: %{content: String.t(), delta: String.t(), done: boolean()}


      



  


        

      

      
        Functions

        


    

  
    
      
    
    
      chat(messages, opts \\ [])



        
          
        

    

  


  

      

          @spec chat(messages(), completion_options()) :: {:ok, response()} | {:error, any()}


      


Chat-style completion with message history
Examples
iex> messages = [
...>   %{role: :system, content: "You are a helpful assistant"},
...>   %{role: :user, content: "Hello!"}
...> ]
iex> LLM.chat(messages)
{:ok, %{content: "Hello! How can I help you?", ...}}

  



    

  
    
      
    
    
      complete(prompt, opts \\ [])



        
          
        

    

  


  

      

          @spec complete(String.t(), completion_options()) ::
  {:ok, response()} | {:error, any()}


      


Simple text completion with a single prompt
Examples
iex> LLM.complete("What is 2+2?")
{:ok, %{content: "2+2 equals 4.", ...}}

iex> LLM.complete("Hello!", provider: :openai, model: "gpt-4o")
{:ok, %{content: "Hello! How can I help you today?", ...}}

  



    

  
    
      
    
    
      complete_with_context(prompt, context, opts \\ [])



        
          
        

    

  


  

      

          @spec complete_with_context(String.t(), Chainex.Context.t(), completion_options()) ::
  {:ok, response(), Chainex.Context.t()} | {:error, any()}


      


Complete with context integration
Automatically manages conversation history through memory and context.
Examples
iex> context = Context.new(%{user: "Alice"})
iex> {:ok, response, updated_context} = LLM.complete_with_context(
...>   "Hello, remember my name",
...>   context
...> )

  



    

  
    
      
    
    
      count_tokens(input, opts \\ [])



        
          
        

    

  


  

      

          @spec count_tokens(String.t() | messages(), completion_options()) ::
  {:ok, pos_integer()} | {:error, any()}


      


Count tokens for a given text or messages
Useful for managing context limits and costs.
Examples
iex> LLM.count_tokens("Hello world")
{:ok, 2}

iex> messages = [%{role: "user", content: "Hello"}]
iex> LLM.count_tokens(messages, provider: :openai, model: "gpt-4o")
{:ok, 8}

  



  
    
      
    
    
      models(provider)



        
          
        

    

  


  

      

          @spec models(provider()) :: {:ok, [String.t()]} | {:error, any()}


      


Get available models for a provider
Examples
iex> LLM.models(:openai)
{:ok, ["gpt-4o", "gpt-4o-mini", "gpt-3.5-turbo"]}

  



    

  
    
      
    
    
      stream(prompt, opts \\ [])



        
          
        

    

  


  

      

          @spec stream(String.t(), completion_options()) :: Enumerable.t()


      


Stream completions for real-time responses
Returns a stream of chunks that can be processed as they arrive.
Examples
iex> stream = LLM.stream("Tell me a story")
iex> is_function(stream.reducer, 3)
true

  



    

  
    
      
    
    
      stream_chat(messages, opts \\ [])



        
          
        

    

  


  

      

          @spec stream_chat(messages(), completion_options()) :: Enumerable.t()


      


Stream chat completions

  


        

      


  

    
Chainex.LLM.Anthropic 
    



      
Anthropic Claude provider implementation for Chainex.LLM
Handles communication with Anthropic's API including Claude 3.5 Sonnet,
Claude 3 Haiku, and other Claude models.
Configuration
config :chainex, Chainex.LLM,
  anthropic: [
    api_key: {:system, "ANTHROPIC_API_KEY"},
    model: "claude-3-5-sonnet-20241022",
    base_url: "https://api.anthropic.com/v1",
    version: "2023-06-01",
    timeout: 30_000
  ]
Supported Models
	claude-3-5-sonnet-20241022
	claude-3-5-haiku-20241022
	claude-3-opus-20240229
	claude-3-sonnet-20240229
	claude-3-haiku-20240307

Features
	Chat completions with system messages
	Streaming responses
	Tool/function calling
	Token counting estimation


      


      
        Summary


  
    Types
  


    
      
        config()

      


    





  
    Functions
  


    
      
        chat(messages, config)

      


        Send a chat completion request to Anthropic



    


    
      
        count_tokens(messages, config)

      


        Count tokens for the given messages



    


    
      
        models(config)

      


        List available Anthropic models



    


    
      
        stream_chat(messages, config)

      


        Stream a chat completion from Anthropic



    





      


      
        Types

        


  
    
      
    
    
      config()



        
          
        

    

  


  

      

          @type config() :: [
  api_key: String.t(),
  model: String.t(),
  base_url: String.t(),
  version: String.t(),
  timeout: pos_integer(),
  temperature: float(),
  max_tokens: pos_integer(),
  top_p: float(),
  top_k: pos_integer(),
  stop_sequences: [String.t()] | nil,
  tools: [map()] | nil,
  tool_choice: map() | nil,
  system: String.t() | nil
]


      



  


        

      

      
        Functions

        


  
    
      
    
    
      chat(messages, config)



        
          
        

    

  


  

      

          @spec chat(list(), config()) :: {:ok, map()} | {:error, any()}


      


Send a chat completion request to Anthropic

  



  
    
      
    
    
      count_tokens(messages, config)



        
          
        

    

  


  

      

          @spec count_tokens(list(), config()) :: {:ok, pos_integer()} | {:error, any()}


      


Count tokens for the given messages
Uses a rough estimation based on Claude's tokenization patterns:
	~3.5 characters per token for English text
	Additional tokens for message formatting


  



  
    
      
    
    
      models(config)



        
          
        

    

  


  

      

          @spec models(config()) :: {:ok, [String.t()]} | {:error, any()}


      


List available Anthropic models

  



  
    
      
    
    
      stream_chat(messages, config)



        
          
        

    

  


  

      

          @spec stream_chat(list(), config()) :: Enumerable.t()


      


Stream a chat completion from Anthropic

  


        

      


  

    
Chainex.LLM.Mock 
    



      
Mock LLM provider for testing.
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        chat(messages, opts)

      


        Returns a mock response based on the last user message.



    


    
      
        count_tokens(messages, opts)

      


        Mock token counting.



    


    
      
        models(opts)

      


        Returns mock models.



    


    
      
        stream_chat(messages, opts)

      


        Returns a mock stream.



    





      


      
        Functions

        


  
    
      
    
    
      chat(messages, opts)



        
          
        

    

  


  

Returns a mock response based on the last user message.

  



  
    
      
    
    
      count_tokens(messages, opts)



        
          
        

    

  


  

Mock token counting.

  



  
    
      
    
    
      models(opts)



        
          
        

    

  


  

Returns mock models.

  



  
    
      
    
    
      stream_chat(messages, opts)



        
          
        

    

  


  

Returns a mock stream.

  


        

      


  

    
Chainex.LLM.OpenAI 
    



      
OpenAI provider implementation for Chainex.LLM
Handles communication with OpenAI's API including GPT-4, GPT-3.5-turbo,
and other OpenAI models.
Configuration
config :chainex, Chainex.LLM,
  openai: [
    api_key: {:system, "OPENAI_API_KEY"},
    model: "gpt-4o-mini",
    base_url: "https://api.openai.com/v1",
    organization: nil,
    timeout: 30_000
  ]
Supported Models
	gpt-4o
	gpt-4o-mini
	gpt-4-turbo
	gpt-4
	gpt-3.5-turbo
	And other OpenAI models

Features
	Chat completions
	Streaming responses
	Function/tool calling
	Token counting
	Model listing


      


      
        Summary


  
    Types
  


    
      
        config()

      


    





  
    Functions
  


    
      
        chat(messages, config)

      


        Send a chat completion request to OpenAI



    


    
      
        count_tokens(messages, config)

      


        Count tokens for the given messages



    


    
      
        models(config)

      


        List available OpenAI models



    


    
      
        stream_chat(messages, config)

      


        Stream a chat completion from OpenAI



    





      


      
        Types

        


  
    
      
    
    
      config()



        
          
        

    

  


  

      

          @type config() :: [
  api_key: String.t(),
  model: String.t(),
  base_url: String.t(),
  organization: String.t() | nil,
  timeout: pos_integer(),
  temperature: float(),
  max_tokens: pos_integer(),
  top_p: float(),
  frequency_penalty: float(),
  presence_penalty: float(),
  stop: String.t() | [String.t()] | nil,
  tools: [map()] | nil,
  tool_choice: String.t() | map() | nil
]


      



  


        

      

      
        Functions

        


  
    
      
    
    
      chat(messages, config)



        
          
        

    

  


  

      

          @spec chat(list(), config()) :: {:ok, map()} | {:error, any()}


      


Send a chat completion request to OpenAI

  



  
    
      
    
    
      count_tokens(messages, config)



        
          
        

    

  


  

      

          @spec count_tokens(list(), config()) :: {:ok, pos_integer()} | {:error, any()}


      


Count tokens for the given messages
Uses a rough estimation based on the tiktoken approach:
	~4 characters per token for English text
	Additional tokens for message formatting


  



  
    
      
    
    
      models(config)



        
          
        

    

  


  

      

          @spec models(config()) :: {:ok, [String.t()]} | {:error, any()}


      


List available OpenAI models

  



  
    
      
    
    
      stream_chat(messages, config)



        
          
        

    

  


  

      

          @spec stream_chat(list(), config()) :: Enumerable.t()


      


Stream a chat completion from OpenAI

  


        

      


  

    
Chainex.Memory 
    



      
Memory storage and retrieval for Chainex workflows
Provides different memory types for storing and retrieving data across
chain executions. Supports various storage backends including in-memory
buffers, persistent storage, and conversation history.
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    Types
  


    
      
        access_stats()

      


    


    
      
        backend_type()

      


    


    
      
        memory_type()

      


    


    
      
        pruning_config()

      


    


    
      
        pruning_strategy()

      


    


    
      
        storage()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        cleanup_expired(memory)

      


        Removes expired entries based on TTL configuration



    


    
      
        clear(memory)

      


        Clears all data from memory



    


    
      
        delete(memory, key)

      


        Deletes a specific key from memory



    


    
      
        force_prune(memory, strategy \\ nil)

      


        Forces pruning regardless of current size or conditions



    


    
      
        get_and_track(memory, key)

      


        Retrieves a value and updates access statistics for smart pruning



    


    
      
        keys(memory)

      


        Lists all keys stored in memory



    


    
      
        new(type, options \\ %{})

      


        Creates a new memory instance with the specified type



    


    
      
        prune(memory)

      


        Manually triggers pruning based on the configured strategy



    


    
      
        retrieve(memory, key)

      


        Retrieves a value from memory by key



    


    
      
        size(memory)

      


        Returns the number of items stored in memory



    


    
      
        store(memory, key, value)

      


        Stores a value in memory with the given key



    





      


      
        Types

        


  
    
      
    
    
      access_stats()



        
          
        

    

  


  

      

          @type access_stats() :: %{
  access_count: %{required(any()) => non_neg_integer()},
  last_access: %{required(any()) => non_neg_integer()},
  creation_time: %{required(any()) => non_neg_integer()}
}


      



  



  
    
      
    
    
      backend_type()



        
          
        

    

  


  

      

          @type backend_type() :: :file | :database


      



  



  
    
      
    
    
      memory_type()



        
          
        

    

  


  

      

          @type memory_type() :: :buffer | :persistent | :conversation | :vector


      



  



  
    
      
    
    
      pruning_config()



        
          
        

    

  


  

      

          @type pruning_config() :: %{
  max_size: non_neg_integer() | :unlimited,
  ttl_seconds: non_neg_integer() | :unlimited,
  prune_strategy: pruning_strategy(),
  prune_percentage: float(),
  auto_prune: boolean()
}


      



  



  
    
      
    
    
      pruning_strategy()



        
          
        

    

  


  

      

          @type pruning_strategy() :: :lru | :lfu | :ttl | :hybrid


      



  



  
    
      
    
    
      storage()



        
          
        

    

  


  

      

          @type storage() :: map() | any()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Chainex.Memory{
  access_stats: access_stats(),
  options: map(),
  pruning_config: pruning_config(),
  storage: storage(),
  type: memory_type()
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      cleanup_expired(memory)



        
          
        

    

  


  

      

          @spec cleanup_expired(t()) :: t()


      


Removes expired entries based on TTL configuration
Examples
iex> memory = Memory.new(:buffer, %{ttl_seconds: 3600}) 
iex> _cleaned = Memory.cleanup_expired(memory)

  



  
    
      
    
    
      clear(memory)



        
          
        

    

  


  

      

          @spec clear(t()) :: t()


      


Clears all data from memory
Examples
iex> memory = Memory.new(:buffer) |> Memory.store(:key, "value")
iex> Memory.size(memory)
1
iex> cleared = Memory.clear(memory)
iex> Memory.size(cleared)
0

  



  
    
      
    
    
      delete(memory, key)



        
          
        

    

  


  

      

          @spec delete(t(), any()) :: t()


      


Deletes a specific key from memory
Examples
iex> memory = Memory.new(:buffer) |> Memory.store(:temp, "data")
iex> updated = Memory.delete(memory, :temp)
iex> Memory.retrieve(updated, :temp)
{:error, :not_found}

  



    

  
    
      
    
    
      force_prune(memory, strategy \\ nil)



        
          
        

    

  


  

      

          @spec force_prune(t(), pruning_strategy() | nil) :: t()


      


Forces pruning regardless of current size or conditions
Examples
iex> memory = Memory.new(:buffer, %{max_size: 100})
iex> large_memory = Enum.reduce(1..10, memory, fn i, acc -> Memory.store(acc, String.to_atom("key_" <> Integer.to_string(i)), "value") end)
iex> pruned = Memory.force_prune(large_memory, :lru)
iex> Memory.size(pruned) < Memory.size(large_memory)
true

  



  
    
      
    
    
      get_and_track(memory, key)



        
          
        

    

  


  

      

          @spec get_and_track(t(), any()) :: {t(), {:ok, any()} | {:error, atom()}}


      


Retrieves a value and updates access statistics for smart pruning
Returns {updated_memory, result} tuple where result is the same as retrieve/2
Examples
iex> memory = Memory.new(:buffer, %{max_size: 10})
iex> memory = Memory.store(memory, :key, "value")  
iex> {_updated_memory, {:ok, value}} = Memory.get_and_track(memory, :key)
iex> value
"value"

  



  
    
      
    
    
      keys(memory)



        
          
        

    

  


  

      

          @spec keys(t()) :: [any()]


      


Lists all keys stored in memory
Examples
iex> memory = Memory.new(:buffer)
iex> memory = memory |> Memory.store(:a, 1) |> Memory.store(:b, 2)
iex> keys = Memory.keys(memory)
iex> Enum.sort(keys)
[:a, :b]

  



    

  
    
      
    
    
      new(type, options \\ %{})



        
          
        

    

  


  

      

          @spec new(memory_type(), map()) :: t()


      


Creates a new memory instance with the specified type
Memory Types
	:buffer - Simple in-memory key-value storage
	:persistent - Persistent storage (file or database)  
	:conversation - Conversation history with message ordering
	:vector - Vector-based semantic storage (future)

Persistent Storage Backends
The :persistent memory type supports multiple backends:
	File backend (default): Stores data in binary files
	Database backend: Stores data in SQL databases using Ecto

File Backend
Memory.new(:persistent, %{file_path: "/tmp/memory.dat"})
Database Backend
Memory.new(:persistent, %{
  backend: :database,
  repo: MyApp.Repo,
  table: "chainex_memory"  # optional
})
Examples
iex> memory = Memory.new(:buffer)
iex> memory.type
:buffer

iex> memory = Memory.new(:persistent, %{file_path: "/tmp/memory.dat"})
iex> memory.options.file_path
"/tmp/memory.dat"

  



  
    
      
    
    
      prune(memory)



        
          
        

    

  


  

      

          @spec prune(t()) :: t()


      


Manually triggers pruning based on the configured strategy
Examples
iex> memory = Memory.new(:buffer, %{max_size: 10, prune_strategy: :lru})
iex> pruned = Memory.prune(memory)
iex> Memory.size(pruned) <= 10
true

  



  
    
      
    
    
      retrieve(memory, key)



        
          
        

    

  


  

      

          @spec retrieve(t(), any()) :: {:ok, any()} | {:error, atom()}


      


Retrieves a value from memory by key
Examples
iex> memory = Memory.new(:buffer) |> Memory.store(:age, 25)
iex> Memory.retrieve(memory, :age)
{:ok, 25}

iex> memory = Memory.new(:buffer)
iex> Memory.retrieve(memory, :missing)
{:error, :not_found}

  



  
    
      
    
    
      size(memory)



        
          
        

    

  


  

      

          @spec size(t()) :: non_neg_integer()


      


Returns the number of items stored in memory
Examples
iex> memory = Memory.new(:buffer)
iex> Memory.size(memory)
0

iex> memory = Memory.new(:buffer) |> Memory.store(:key, "value")
iex> Memory.size(memory)
1

  



  
    
      
    
    
      store(memory, key, value)



        
          
        

    

  


  

      

          @spec store(t(), any(), any()) :: t()


      


Stores a value in memory with the given key
Examples
iex> memory = Memory.new(:buffer)
iex> updated = Memory.store(memory, :name, "Alice")
iex> Memory.retrieve(updated, :name)
{:ok, "Alice"}

iex> memory = Memory.new(:conversation)
iex> updated = Memory.store(memory, :message, %{role: "user", content: "Hello"})
iex> {:ok, message} = Memory.retrieve(updated, :message)
iex> message.content
"Hello"

  


        

      


  

    
Chainex.Memory.Database 
    



      
Database persistence backend for Chainex Memory using Ecto
Provides database storage for memory persistence by accepting an Ecto repo.
This allows users to use any database supported by Ecto (PostgreSQL, MySQL, 
SQLite, etc.) and manage their own database configuration and migrations.
Usage
# User defines their own repo
defmodule MyApp.Repo do
  use Ecto.Repo,
    otp_app: :my_app,
    adapter: Ecto.Adapters.Postgres
end

# Pass repo to memory
memory = Memory.new(:persistent, %{
  backend: :database,
  repo: MyApp.Repo,
  table: "chainex_memory"  # optional, defaults to "chainex_memory"
})
Database Schema
The table should have the following structure:
create table(:chainex_memory) do
  add :key, :text, primary_key: true
  add :value, :binary, null: false
  add :access_count, :integer, null: false, default: 0
  add :created_at, :bigint, null: false
  add :updated_at, :bigint, null: false  
  add :last_access, :bigint, null: false
end
Use Chainex.Memory.Database.Migration to generate the migration.
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        clear(map)

      


        Clears all entries from the database



    


    
      
        delete(map, key)

      


        Deletes a key from the database



    


    
      
        find_keys_for_pruning(map, strategy, limit, ttl_cutoff \\ 0)

      


        Finds keys that match a pruning criteria



    


    
      
        get_access_stats(map)

      


        Gets access statistics for pruning



    


    
      
        keys(map)

      


        Lists all keys in the database



    


    
      
        retrieve(map, key)

      


        Retrieves a value by key from the database



    


    
      
        size(map)

      


        Returns the number of entries in the database



    


    
      
        store(map, key, value)

      


        Stores a key-value pair in the database



    


    
      
        table_exists?(map)

      


        Checks if the required table exists and has the correct schema



    


    
      
        update_access(map, key)

      


        Updates access statistics for a key



    


    
      
        validate_config(config)

      


        Validates the database configuration
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      config()



        
          
        

    

  


  

      

          @type config() :: %{repo: module(), table: String.t()}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      clear(map)



        
          
        

    

  


  

      

          @spec clear(config()) :: :ok | {:error, any()}


      


Clears all entries from the database

  



  
    
      
    
    
      delete(map, key)



        
          
        

    

  


  

      

          @spec delete(config(), any()) :: :ok | {:error, any()}


      


Deletes a key from the database

  



    

  
    
      
    
    
      find_keys_for_pruning(map, strategy, limit, ttl_cutoff \\ 0)



        
          
        

    

  


  

      

          @spec find_keys_for_pruning(config(), :lru | :lfu | :ttl, integer(), integer()) ::
  {:ok, [any()]} | {:error, any()}


      


Finds keys that match a pruning criteria

  



  
    
      
    
    
      get_access_stats(map)



        
          
        

    

  


  

      

          @spec get_access_stats(config()) :: {:ok, map()} | {:error, any()}


      


Gets access statistics for pruning

  



  
    
      
    
    
      keys(map)



        
          
        

    

  


  

      

          @spec keys(config()) :: {:ok, [any()]} | {:error, any()}


      


Lists all keys in the database

  



  
    
      
    
    
      retrieve(map, key)



        
          
        

    

  


  

      

          @spec retrieve(config(), any()) :: {:ok, any()} | {:error, :not_found | any()}


      


Retrieves a value by key from the database

  



  
    
      
    
    
      size(map)



        
          
        

    

  


  

      

          @spec size(config()) :: {:ok, non_neg_integer()} | {:error, any()}


      


Returns the number of entries in the database

  



  
    
      
    
    
      store(map, key, value)



        
          
        

    

  


  

      

          @spec store(config(), any(), any()) :: :ok | {:error, any()}


      


Stores a key-value pair in the database

  



  
    
      
    
    
      table_exists?(map)



        
          
        

    

  


  

      

          @spec table_exists?(config()) :: boolean()


      


Checks if the required table exists and has the correct schema

  



  
    
      
    
    
      update_access(map, key)



        
          
        

    

  


  

      

          @spec update_access(config(), any()) :: :ok | {:error, any()}


      


Updates access statistics for a key

  



  
    
      
    
    
      validate_config(config)



        
          
        

    

  


  

      

          @spec validate_config(map()) :: {:ok, config()} | {:error, atom()}


      


Validates the database configuration

  


        

      


  

    
Chainex.Tool 
    



      
Function calling abstraction for Chainex workflows
Provides a standardized way to define, validate, and execute tools/functions
in LLM chains. Supports parameter validation, type checking, error handling,
and result formatting.
Tool Definition
Tools are defined with:
	Name and description
	Parameter schema with types and validation
	Implementation function
	Optional result transformation

Usage Examples
# Define a simple tool
weather_tool = Tool.new(
  name: "get_weather",
  description: "Get current weather for a location",
  parameters: %{
    location: %{type: :string, required: true},
    units: %{type: :string, default: "celsius", enum: ["celsius", "fahrenheit"]}
  },
  function: fn params ->
    # Implementation here
    {:ok, %{temperature: 22, condition: "sunny"}}
  end
)

# Execute the tool
result = Tool.call(weather_tool, %{location: "New York"})

      


      
        Summary


  
    Types
  


    
      
        parameter_schema()

      


    


    
      
        parameter_type()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        call(tool, params)

      


        Calls a tool with the given parameters



    


    
      
        call!(tool, params)

      


        Calls a tool with parameters, raising on error



    


    
      
        default_parameters(tool)

      


        Gets default values for optional parameters



    


    
      
        get_schema(tool)

      


        Gets the schema for a tool's parameters



    


    
      
        new(opts)

      


        Creates a new tool definition



    


    
      
        required_parameters(tool)

      


        Lists all required parameters for a tool



    


    
      
        to_llm_format(tool, atom)

      


        Converts a tool to the format expected by LLM providers.



    


    
      
        validate_definition(tool)

      


        Validates a tool definition
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          @type parameter_schema() :: %{
  type: parameter_type(),
  required: boolean(),
  default: any(),
  enum: [any()],
  min: number(),
  max: number(),
  pattern: Regex.t(),
  description: String.t()
}
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          @type parameter_type() ::
  :string | :integer | :float | :boolean | :list | :map | :atom


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Chainex.Tool{
  description: String.t(),
  function: (map() -> {:ok, any()} | {:error, term()}),
  name: String.t() | atom(),
  options: map(),
  parameters: %{required(atom()) => parameter_schema()}
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      call(tool, params)



        
          
        

    

  


  

      

          @spec call(t(), map()) :: {:ok, any()} | {:error, term()}


      


Calls a tool with the given parameters
Examples
iex> tool = Tool.new(
...>   name: "greet",
...>   description: "Greet someone",
...>   parameters: %{
...>     name: %{type: :string, required: true},
...>     formal: %{type: :boolean, default: false}
...>   },
...>   function: fn %{name: name, formal: formal} ->
...>     greeting = if formal, do: "Good day, " <> name, else: "Hi " <> name <> "!"
...>     {:ok, greeting}
...>   end
...> )
iex> Tool.call(tool, %{name: "Alice"})
{:ok, "Hi Alice!"}

iex> tool = Tool.new(
...>   name: "greet",
...>   description: "Greet someone",
...>   parameters: %{
...>     name: %{type: :string, required: true},
...>     formal: %{type: :boolean, default: false}
...>   },
...>   function: fn %{name: name, formal: formal} ->
...>     greeting = if formal, do: "Good day, " <> name, else: "Hi " <> name <> "!"
...>     {:ok, greeting}
...>   end
...> )
iex> Tool.call(tool, %{name: "Bob", formal: true})
{:ok, "Good day, Bob"}

  



  
    
      
    
    
      call!(tool, params)



        
          
        

    

  


  

      

          @spec call!(t(), map()) :: any()


      


Calls a tool with parameters, raising on error
Examples
iex> tool = Tool.new(
...>   name: "multiply",
...>   description: "Multiply two numbers",
...>   parameters: %{
...>     x: %{type: :number, required: true},
...>     y: %{type: :number, required: true}
...>   },
...>   function: fn %{x: x, y: y} -> {:ok, x * y} end
...> )
iex> Tool.call!(tool, %{x: 5, y: 3})
15

  



  
    
      
    
    
      default_parameters(tool)



        
          
        

    

  


  

      

          @spec default_parameters(t()) :: map()


      


Gets default values for optional parameters
Examples
iex> tool = Tool.new(
...>   name: "test",
...>   description: "Test tool",
...>   parameters: %{
...>     name: %{type: :string, required: true},
...>     count: %{type: :integer, default: 5},
...>     enabled: %{type: :boolean, default: true}
...>   },
...>   function: fn _ -> {:ok, "result"} end
...> )
iex> Tool.default_parameters(tool)
%{count: 5, enabled: true}

  



  
    
      
    
    
      get_schema(tool)



        
          
        

    

  


  

      

          @spec get_schema(t()) :: map()


      


Gets the schema for a tool's parameters
Examples
iex> tool = Tool.new(
...>   name: "example",
...>   description: "Example tool",
...>   parameters: %{
...>     name: %{type: :string, required: true, description: "User name"},
...>     age: %{type: :integer, min: 0, max: 150, default: 25}
...>   },
...>   function: fn _ -> {:ok, "result"} end
...> )
iex> schema = Tool.get_schema(tool)
iex> schema.name.type
:string
iex> schema.age.default
25

  



  
    
      
    
    
      new(opts)



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


Creates a new tool definition
Examples
iex> tool = Tool.new(
...>   name: "add_numbers",
...>   description: "Add two numbers together",
...>   parameters: %{
...>     a: %{type: :integer, required: true},
...>     b: %{type: :integer, required: true}
...>   },
...>   function: fn %{a: a, b: b} -> {:ok, a + b} end
...> )
iex> tool.name
"add_numbers"

iex> tool = Tool.new(
...>   name: :math_tool,
...>   description: "Math operations",
...>   parameters: %{},
...>   function: fn _ -> {:ok, "result"} end
...> )
iex> tool.name
:math_tool

  



  
    
      
    
    
      required_parameters(tool)



        
          
        

    

  


  

      

          @spec required_parameters(t()) :: [atom()]


      


Lists all required parameters for a tool
Examples
iex> tool = Tool.new(
...>   name: "test",
...>   description: "Test tool",
...>   parameters: %{
...>     required_param: %{type: :string, required: true},
...>     optional_param: %{type: :integer, default: 10}
...>   },
...>   function: fn _ -> {:ok, "result"} end
...> )
iex> Tool.required_parameters(tool)
[:required_param]

  



  
    
      
    
    
      to_llm_format(tool, atom)



        
          
        

    

  


  

      

          @spec to_llm_format(t(), atom()) :: map()


      


Converts a tool to the format expected by LLM providers.
Examples
iex> tool = Tool.new(
...>   name: "calculator",
...>   description: "Performs calculations",
...>   parameters: %{
...>     expression: %{type: :string, required: true, description: "Math expression"}
...>   },
...>   function: fn _ -> {:ok, 42} end
...> )
iex> Tool.to_llm_format(tool, :anthropic)
%{
  "name" => "calculator",
  "description" => "Performs calculations",
  "input_schema" => %{
    "type" => "object",
    "properties" => %{
      "expression" => %{"type" => "string", "description" => "Math expression"}
    },
    "required" => ["expression"]
  }
}

  



  
    
      
    
    
      validate_definition(tool)



        
          
        

    

  


  

      

          @spec validate_definition(t()) :: :ok | {:error, term()}


      


Validates a tool definition
Examples
iex> tool = Tool.new(
...>   name: "valid_tool",
...>   description: "A valid tool",
...>   parameters: %{param: %{type: :string, required: true}},
...>   function: fn _ -> {:ok, "result"} end
...> )
iex> Tool.validate_definition(tool)
:ok

iex> invalid_tool = %Tool{name: "", description: "Invalid", parameters: %{}, function: nil}
iex> Tool.validate_definition(invalid_tool)
{:error, {:invalid_tool, "Tool name cannot be empty"}}

  


        

      


  

    
Chainex.Chain.Executor 
    



      
Executes chain steps and manages the execution flow.

      


      
        Summary


  
    Types
  


    
      
        variables()

      


    





  
    Functions
  


    
      
        execute(chain, variables)

      


        Executes a chain with the given variables.



    


    
      
        execute_steps(list, current_input, chain, variables)

      


        Executes a list of steps sequentially.



    


    
      
        execute_with_metadata(chain, variables)

      


        Executes a chain and returns result with metadata.



    





      


      
        Types

        


  
    
      
    
    
      variables()



        
          
        

    

  


  

      

          @type variables() :: %{required(atom()) => any()} | %{required(String.t()) => any()}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      execute(chain, variables)



        
          
        

    

  


  

      

          @spec execute(Chainex.Chain.t(), variables()) :: {:ok, any()} | {:error, any()}


      


Executes a chain with the given variables.

  



  
    
      
    
    
      execute_steps(list, current_input, chain, variables)



        
          
        

    

  


  

      

          @spec execute_steps([Chainex.Chain.step()], any(), Chainex.Chain.t(), variables()) ::
  {:ok, any()} | {:error, any()}


      


Executes a list of steps sequentially.

  



  
    
      
    
    
      execute_with_metadata(chain, variables)



        
          
        

    

  


  

      

          @spec execute_with_metadata(Chainex.Chain.t(), variables()) ::
  {:ok, any(), map()} | {:error, any()}


      


Executes a chain and returns result with metadata.

  


        

      


  

    
Chainex.Chain.VariableResolver 
    



      
Resolves template variables in strings using {{variable}} syntax.
Supports default values with {{variable:default}} syntax.

      


      
        Summary


  
    Functions
  


    
      
        extract_variables(template)

      


        Extracts all variable names from a template.



    


    
      
        has_variables?(template)

      


        Checks if a template has any variables.



    


    
      
        resolve(template, variables)

      


        Resolves all variables in a template string.



    


    
      
        resolve_deep(data, variables)

      


        Resolves variables in a nested data structure.



    





      


      
        Functions

        


  
    
      
    
    
      extract_variables(template)



        
          
        

    

  


  

      

          @spec extract_variables(String.t()) :: [String.t()]


      


Extracts all variable names from a template.
Examples
iex> extract_variables("Hello {{name}}, you are {{age}} years old")
["name", "age"]

  



  
    
      
    
    
      has_variables?(template)



        
          
        

    

  


  

      

          @spec has_variables?(String.t()) :: boolean()


      


Checks if a template has any variables.
Examples
iex> has_variables?("Hello {{name}}")
true

iex> has_variables?("Hello World")
false

  



  
    
      
    
    
      resolve(template, variables)



        
          
        

    

  


  

      

          @spec resolve(String.t(), map()) :: {:ok, String.t()} | {:error, String.t()}


      


Resolves all variables in a template string.
Examples
iex> resolve("Hello {{name}}", %{name: "Alice"})
{:ok, "Hello Alice"}

iex> resolve("Hello {{name:World}}", %{})
{:ok, "Hello World"}

iex> resolve("{{greeting}} {{name}}", %{greeting: "Hi", name: "Bob"})
{:ok, "Hi Bob"}

  



  
    
      
    
    
      resolve_deep(data, variables)



        
          
        

    

  


  

      

          @spec resolve_deep(any(), map()) :: {:ok, any()} | {:error, String.t()}


      


Resolves variables in a nested data structure.
Examples
iex> resolve_deep(%{greeting: "Hello {{name}}"}, %{name: "Alice"})
{:ok, %{greeting: "Hello Alice"}}
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