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    Snakepit gRPC Streaming Guide

Overview
This guide covers Snakepit's gRPC streaming implementation - a modern replacement for stdin/stdout communication that enables real-time progress updates, progressive results, and superior performance for ML and data processing workflows.
Table of Contents
	Quick Start
	Installation
	Core Concepts
	API Reference
	Streaming Examples
	Performance
	Migration Guide
	Troubleshooting

Quick Start
1. Install Dependencies
# Install gRPC dependencies
make install-grpc

# Generate protocol buffer code
make proto-python

# Verify installation
python -c "import grpc, snakepit_bridge.grpc.snakepit_pb2; print('✅ gRPC ready')"

2. Basic Configuration
# Configure Snakepit with gRPC adapter
Application.put_env(:snakepit, :adapter_module, Snakepit.Adapters.GRPCPython)
Application.put_env(:snakepit, :grpc_config, %{
  base_port: 50051,
  port_range: 100  # Uses ports 50051-50151
})

{:ok, _} = Application.ensure_all_started(:snakepit)
3. Run Your First Stream
# Traditional (still works)
{:ok, result} = Snakepit.execute("ping", %{})

# NEW: Streaming execution
Snakepit.execute_stream("ping_stream", %{count: 5}, fn chunk ->
  IO.puts("Received: #{chunk["message"]}")
end)
Installation
Prerequisites
	Elixir: 1.18+ with OTP 27+
	Python: 3.8+ 
	System: protoc compiler (for development)

Elixir Dependencies
# mix.exs
def deps do
  [
    {:grpc, "~> 0.8"},
    {:protobuf, "~> 0.12"},
    # ... existing deps
  ]
end
Python Dependencies
# Option 1: Install with gRPC support
cd priv/python && pip install -e ".[grpc]"

# Option 2: Install manually
pip install grpcio>=1.50.0 protobuf>=4.0.0 grpcio-tools>=1.50.0

# Option 3: All features
pip install -e ".[all]"  # Includes gRPC + MessagePack

Development Setup
# Complete development environment
make dev-setup

# Or step by step:
make install-grpc      # Install Python gRPC deps
make proto-python      # Generate protobuf code
make test             # Verify everything works

Core Concepts
Communication Protocols Comparison
	Protocol	Streaming	Multiplexing	Binary Data	Setup Complexity
	stdin/stdout	❌	❌	Base64	Simple
	MessagePack	❌	❌	✅ Native	Simple
	gRPC	✅ Native	✅ HTTP/2	✅ Native	Moderate

Protocol Selection
# Snakepit automatically chooses the best available protocol:

# 1. If gRPC adapter configured and available → gRPC
# 2. If MessagePack adapter configured → MessagePack  
# 3. Fallback → JSON over stdin/stdout

# Force specific protocol:
Application.put_env(:snakepit, :adapter_module, Snakepit.Adapters.GRPCPython)        # gRPC
Application.put_env(:snakepit, :adapter_module, Snakepit.Adapters.GenericPythonMsgpack)  # MessagePack
Application.put_env(:snakepit, :adapter_module, Snakepit.Adapters.GenericPythonV2)     # JSON
Worker Architecture
┌─────────────────┐    ┌─────────────────┐    ┌─────────────────┐
│   Elixir App    │    │  gRPC Worker    │    │ Python Process  │
│                 │◄──►│   (GenServer)   │◄──►│  (gRPC Server)  │
│ execute_stream  │    │                 │    │                 │
└─────────────────┘    └─────────────────┘    └─────────────────┘
         │                       │                       │
         │              HTTP/2 Connection               │
         │                       │                       │
    Callback Handler      Connection Mgmt          Stream Handlers
Session Management
# Sessions work seamlessly with gRPC
session_id = "ml_training_#{user_id}"

# Session-based execution (maintains state)
{:ok, result} = Snakepit.execute_in_session(session_id, "initialize_model", model_config)

# Session-based streaming
Snakepit.execute_in_session_stream(session_id, "train_model", training_data, fn chunk ->
  IO.puts("Epoch #{chunk["epoch"]}: loss=#{chunk["loss"]}")
end)
API Reference
Basic Execution
# Snakepit.execute/3 - Same as always
{:ok, result} = Snakepit.execute(command, args, timeout \\ 30_000)

# Examples
{:ok, _} = Snakepit.execute("ping", %{})
{:ok, result} = Snakepit.execute("compute", %{operation: "add", a: 5, b: 3})
Streaming Execution
# Snakepit.execute_stream/4 - NEW!
:ok = Snakepit.execute_stream(command, args, callback_fn, timeout \\ 300_000)

# Callback function receives each chunk
callback_fn = fn chunk ->
  if chunk["is_final"] do
    IO.puts("Stream complete!")
  else
    IO.puts("Progress: #{chunk["progress"]}%")
  end
end
Session-based APIs
# Session execution (existing)
{:ok, result} = Snakepit.execute_in_session(session_id, command, args, timeout \\ 30_000)

# Session streaming (NEW!)
:ok = Snakepit.execute_in_session_stream(session_id, command, args, callback_fn, timeout \\ 300_000)
Error Handling
case Snakepit.execute_stream("long_process", %{data: large_data}, callback) do
  :ok ->
    IO.puts("Stream completed successfully")
    
  {:error, :worker_timeout} ->
    IO.puts("Operation timed out")
    
  {:error, :grpc_unavailable} ->
    IO.puts("gRPC not available, check setup")
    
  {:error, reason} ->
    IO.puts("Stream failed: #{inspect(reason)}")
end
Streaming Examples
1. ML Batch Inference
Stream inference results as each item completes:
batch_items = ["image_001.jpg", "image_002.jpg", "image_003.jpg"]

Snakepit.execute_stream("batch_inference", %{
  model_path: "/models/resnet50.pkl",
  batch_items: batch_items
}, fn chunk ->
  if chunk["is_final"] do
    IO.puts("🎉 Batch inference complete!")
  else
    item = chunk["item"]
    prediction = chunk["prediction"] 
    confidence = chunk["confidence"]
    IO.puts("🧠 #{item}: #{prediction} (#{confidence}% confidence)")
  end
end)

# Output:
# 🧠 image_001.jpg: cat (94% confidence)
# 🧠 image_002.jpg: dog (87% confidence)  
# 🧠 image_003.jpg: bird (91% confidence)
# 🎉 Batch inference complete!
2. Large Dataset Processing
Process huge datasets with real-time progress:
Snakepit.execute_stream("process_large_dataset", %{
  file_path: "/data/sales_data_10gb.csv",
  chunk_size: 10_000,
  operations: ["clean", "transform", "aggregate"]
}, fn chunk ->
  if chunk["is_final"] do
    stats = chunk["final_stats"]
    IO.puts("✅ Processing complete!")
    IO.puts("📊 Final stats: #{inspect(stats)}")
  else
    progress = chunk["progress_percent"]
    processed = chunk["processed_rows"]
    total = chunk["total_rows"]
    memory_mb = chunk["memory_usage_mb"]
    
    IO.puts("📊 Progress: #{progress}% (#{processed}/#{total} rows) - Memory: #{memory_mb}MB")
  end
end)

# Output:
# 📊 Progress: 10.0% (100000/1000000 rows) - Memory: 45MB
# 📊 Progress: 20.0% (200000/1000000 rows) - Memory: 47MB
# 📊 Progress: 30.0% (300000/1000000 rows) - Memory: 46MB
# ...
# ✅ Processing complete!
# 📊 Final stats: %{errors: 12, processed: 988000, skipped: 12}
3. Real-time Log Analysis
Analyze logs in real-time as new entries arrive:
Snakepit.execute_stream("tail_and_analyze", %{
  log_path: "/var/log/app.log",
  patterns: ["ERROR", "FATAL", "OutOfMemoryError"],
  context_lines: 3
}, fn chunk ->
  if chunk["is_final"] do
    IO.puts("📊 Log analysis session ended")
  else
    severity = chunk["severity"]
    timestamp = chunk["timestamp"]
    line = chunk["log_line"]
    pattern = chunk["pattern_matched"]
    
    emoji = case severity do
      "FATAL" -> "💀"
      "ERROR" -> "🚨" 
      "WARN" -> "⚠️"
      _ -> "ℹ️"
    end
    
    IO.puts("#{emoji} [#{timestamp}] #{pattern}: #{String.slice(line, 0, 80)}...")
  end
end)

# Output:
# 🚨 [2025-01-20T15:30:45] ERROR: Database connection failed: timeout after 30s...
# ⚠️ [2025-01-20T15:30:50] WARN: High memory usage detected: 85% of heap used...
# 💀 [2025-01-20T15:31:00] FATAL: OutOfMemoryError: Java heap space exceeded...
4. Distributed Training Monitoring
Monitor ML training progress across multiple nodes:
Snakepit.execute_stream("distributed_training", %{
  model_config: %{
    architecture: "transformer",
    layers: 24,
    hidden_size: 1024
  },
  training_config: %{
    epochs: 100,
    batch_size: 32,
    learning_rate: 0.001
  },
  dataset_path: "/data/training_set"
}, fn chunk ->
  if chunk["is_final"] do
    model_path = chunk["final_model_path"] 
    best_acc = chunk["best_val_accuracy"]
    IO.puts("🎯 Training complete! Best accuracy: #{best_acc}")
    IO.puts("💾 Model saved: #{model_path}")
  else
    epoch = chunk["epoch"]
    train_loss = chunk["train_loss"]
    val_loss = chunk["val_loss"] 
    train_acc = chunk["train_acc"]
    val_acc = chunk["val_acc"]
    lr = chunk["learning_rate"]
    
    IO.puts("📈 Epoch #{epoch}/100:")
    IO.puts("   Train: loss=#{train_loss}, acc=#{train_acc}")
    IO.puts("   Val:   loss=#{val_loss}, acc=#{val_acc}")
    IO.puts("   LR: #{lr}")
  end
end)

# Output:
# 📈 Epoch 1/100:
#    Train: loss=2.45, acc=0.12
#    Val:   loss=2.38, acc=0.15
#    LR: 0.001
# 📈 Epoch 2/100:
#    Train: loss=2.12, acc=0.23
#    Val:   loss=2.05, acc=0.28
#    LR: 0.001
# ...
# 🎯 Training complete! Best accuracy: 0.94
# 💾 Model saved: /models/transformer_best_20250120.pkl
5. Financial Data Pipeline
Process real-time financial data with technical analysis:
Snakepit.execute_stream("realtime_stock_analysis", %{
  symbols: ["AAPL", "GOOGL", "MSFT", "TSLA"],
  indicators: ["RSI", "MACD", "SMA_20", "SMA_50"],
  alert_thresholds: %{
    rsi_oversold: 30,
    rsi_overbought: 70,
    volume_spike: 2.0
  }
}, fn chunk ->
  if chunk["is_final"] do
    IO.puts("📊 Market session ended")
  else
    symbol = chunk["symbol"]
    price = chunk["price"]
    volume = chunk["volume"] 
    rsi = chunk["rsi"]
    signal = chunk["trading_signal"]
    
    case signal do
      "BUY" -> IO.puts("🟢 #{symbol}: $#{price} - BUY signal (RSI: #{rsi})")
      "SELL" -> IO.puts("🔴 #{symbol}: $#{price} - SELL signal (RSI: #{rsi})")
      _ -> IO.puts("⚪ #{symbol}: $#{price} - HOLD (RSI: #{rsi})")
    end
  end
end)

# Output:
# ⚪ AAPL: $175.50 - HOLD (RSI: 45.2)
# 🟢 GOOGL: $142.80 - BUY signal (RSI: 28.5)
# ⚪ MSFT: $380.20 - HOLD (RSI: 52.1) 
# 🔴 TSLA: $210.15 - SELL signal (RSI: 73.8)
Performance
Streaming vs Traditional Comparison
	Metric	stdin/stdout	MessagePack	gRPC Streaming
	Latency (first result)	5-10s	3-7s	0.1-0.5s
	Memory usage	Grows with result	Grows with result	Constant
	Progress visibility	None	None	Real-time
	Cancellation	Kill process	Kill process	Graceful
	Error granularity	End only	End only	Per chunk
	User experience	"Is it working?"	"Is it working?"	Live updates

Binary Serialization Performance
gRPC mode includes automatic binary serialization for large data:
	Data Size	JSON Encoding	Binary Encoding	Speedup
	1KB	0.1ms	0.1ms	1x (uses JSON)
	10KB	2ms	2ms	1x (threshold)
	100KB	25ms	3ms	8x faster
	1MB	300ms	30ms	10x faster
	10MB	3500ms	250ms	14x faster

The 10KB threshold ensures optimal performance:
	Small data remains human-readable (JSON)
	Large data gets maximum performance (binary)

Benchmarks
# Large dataset processing (1GB CSV file)
Traditional: Submit → Wait 10 minutes → Get result or timeout
gRPC Stream: Submit → Progress every 30s → Complete with stats

# ML batch inference (1000 images)  
Traditional: Submit → Wait 5 minutes → Get all predictions
gRPC Stream: Submit → Get prediction 1 → Get prediction 2 → ...

# Real-time monitoring
Traditional: Not possible
gRPC Stream: Live tail of logs/metrics with analysis

Memory Usage Patterns
# Traditional: Memory grows with result size
results = []  # Starts empty
# ... processing 1GB of data ...
results = [huge_dataset_results]  # Now using 1GB+ memory

# gRPC Streaming: Constant memory usage
Snakepit.execute_stream("process_1gb_dataset", %{}, fn chunk ->
  process_chunk(chunk)  # Handle immediately
  # chunk gets garbage collected
end)
# Memory usage stays constant regardless of total data size
Migration Guide
From stdin/stdout to gRPC
Step 1: Install gRPC
make install-grpc
make proto-python

Step 2: Update Configuration
# Before
Application.put_env(:snakepit, :adapter_module, Snakepit.Adapters.GenericPythonV2)

# After  
Application.put_env(:snakepit, :adapter_module, Snakepit.Adapters.GRPCPython)
Application.put_env(:snakepit, :grpc_config, %{base_port: 50051, port_range: 100})
Step 3: Keep Existing Code
# This still works exactly the same
{:ok, result} = Snakepit.execute("compute", %{operation: "add", a: 5, b: 3})
Step 4: Add Streaming Where Beneficial
# Replace long-running operations with streaming versions
# Before: 
{:ok, results} = Snakepit.execute("batch_process", large_dataset)  # Blocks for minutes

# After:
Snakepit.execute_stream("batch_process", large_dataset, fn chunk ->
  update_progress_bar(chunk["progress"])
  save_partial_result(chunk["data"])
end)
From MessagePack to gRPC
# MessagePack config (keep as fallback)
Application.put_env(:snakepit, :adapters, [
  Snakepit.Adapters.GRPCPython,        # Try gRPC first
  Snakepit.Adapters.GenericPythonMsgpack  # Fallback to MessagePack
])
Gradual Migration Strategy
	Phase 1: Install gRPC alongside existing adapter
	Phase 2: Test gRPC with non-critical workloads  
	Phase 3: Move long-running operations to streaming
	Phase 4: Default to gRPC, keep MessagePack as fallback
	Phase 5: Full gRPC adoption

Troubleshooting
Common Issues
1. "Generated gRPC code not found"
# Solution: Generate protobuf code
make proto-python

# Verify:
ls priv/python/snakepit_bridge/grpc/
# Should show: snakepit_pb2.py, snakepit_pb2_grpc.py

2. "gRPC dependencies not available"
# Check Python dependencies
python -c "import grpc; print('gRPC:', grpc.__version__)"
python -c "import google.protobuf; print('Protobuf OK')"

# Install if missing
pip install 'snakepit-bridge[grpc]'

3. "Port already in use"
# Solution: Configure different port range
Application.put_env(:snakepit, :grpc_config, %{
  base_port: 50100,  # Try different base port
  port_range: 50     # Smaller range
})
4. Worker initialization timeout
# Check Python process
ps aux | grep grpc_bridge

# Check Python errors
python priv/python/grpc_bridge.py --help

# Increase timeout
Application.put_env(:snakepit, :worker_init_timeout, 30_000)

5. Streaming callback errors
# Bad: Callback crashes on unexpected data
callback = fn chunk ->
  result = chunk["result"]  # May be nil
  process_result(result)    # Crashes if nil
end

# Good: Defensive callback
callback = fn chunk ->
  case chunk do
    %{"is_final" => true} ->
      IO.puts("Stream complete")
    %{"result" => result} when not is_nil(result) ->
      process_result(result)
    %{"error" => error} ->
      IO.puts("Stream error: #{error}")
    other ->
      IO.puts("Unexpected chunk: #{inspect(other)}")
  end
end
Debug Mode
# Enable debug logging
Logger.configure(level: :debug)

# Trace gRPC worker
:sys.trace(worker_pid, true)

# Check gRPC connection health
Snakepit.GRPCWorker.get_health(worker)
Snakepit.GRPCWorker.get_info(worker)
Performance Tuning
# Adjust gRPC settings
Application.put_env(:snakepit, :grpc_config, %{
  base_port: 50051,
  port_range: 100,
  # Increase concurrent streams
  max_concurrent_streams: 10,
  # Tune timeouts
  connection_timeout: 10_000,
  stream_timeout: 300_000
})

# Pool optimization
Application.put_env(:snakepit, :pool_config, %{
  pool_size: 16,  # More workers for concurrent streams
  worker_init_timeout: 30_000
})
Fallback Strategy
# Graceful degradation if gRPC unavailable
defmodule MyApp.SnakepitClient do
  def execute_with_fallback(command, args, opts \\ []) do
    case Snakepit.execute(command, args, opts) do
      {:ok, result} -> 
        {:ok, result}
      {:error, :grpc_unavailable} ->
        # Fallback to MessagePack
        with_adapter(Snakepit.Adapters.GenericPythonMsgpack, fn ->
          Snakepit.execute(command, args, opts)
        end)
      {:error, reason} ->
        {:error, reason}
    end
  end
  
  defp with_adapter(adapter, fun) do
    old_adapter = Application.get_env(:snakepit, :adapter_module)
    Application.put_env(:snakepit, :adapter_module, adapter)
    
    try do
      fun.()
    after
      Application.put_env(:snakepit, :adapter_module, old_adapter)
    end
  end
end
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    Bidirectional Tool Bridge - Technical Documentation

Overview
The Bidirectional Tool Bridge enables seamless cross-language function execution between Elixir and Python in the Snakepit framework. This allows developers to leverage the strengths of both languages within a single application, calling Python functions from Elixir and Elixir functions from Python transparently through gRPC.
Architecture
Core Components
┌─────────────────────────────────────────────────────────────────┐
│                        Elixir Side                              │
├─────────────────────────────────────────────────────────────────┤
│  ToolRegistry (GenServer)                                       │
│    - ETS table: :snakepit_tool_registry                        │
│    - Manages tool metadata and execution                        │
│                                                                 │
│  BridgeServer (gRPC handlers)                                   │
│    - register_tools/2                                           │
│    - get_exposed_elixir_tools/2                                 │
│    - execute_elixir_tool/2                                      │
│    - execute_tool/2                                             │
└─────────────────────────────────────────────────────────────────┘
                            ↕ gRPC
┌─────────────────────────────────────────────────────────────────┐
│                        Python Side                              │
├─────────────────────────────────────────────────────────────────┤
│  SessionContext                                                 │
│    - Auto-discovers Elixir tools on init                       │
│    - Creates dynamic proxies for natural Python syntax          │
│    - Manages tool execution and serialization                   │
│                                                                 │
│  BaseAdapter                                                    │
│    - @tool decorator for exposing Python functions              │
│    - Automatic tool discovery and registration                  │
└─────────────────────────────────────────────────────────────────┘
Quick Start
1. Expose Elixir Functions to Python
# In your Elixir code
alias Snakepit.Bridge.ToolRegistry

# Register a function to be callable from Python
ToolRegistry.register_elixir_tool(
  session_id, 
  "parse_json",
  &MyModule.parse_json/1,
  %{
    description: "Parse a JSON string",
    exposed_to_python: true,  # Important!
    parameters: [
      %{name: "json_string", type: "string", required: true}
    ]
  }
)
Note: As of v0.4.1, the tool bridge includes automatic session initialization and enhanced tool capabilities. Sessions are automatically created when Python tools attempt to register, eliminating the need for manual session setup in most cases.
New in v0.4.1
	Enhanced ShowcaseAdapter with process_text and get_stats tools
	Fixed gRPC tool registration - Resolved async/sync issues with proper response handling
	Complete remote tool dispatch - Bidirectional communication between Elixir and Python

2. Call Elixir Functions from Python
from snakepit_bridge.session_context import SessionContext

# Connect to session
ctx = SessionContext(stub, session_id)

# Method 1: Direct call
result = ctx.call_elixir_tool("parse_json", json_string='{"test": true}')

# Method 2: Using tool proxy (more Pythonic)
result = ctx.elixir_tools["parse_json"](json_string='{"test": true}')
3. Expose Python Functions to Elixir
from snakepit_bridge.base_adapter import BaseAdapter, tool

class MyAdapter(BaseAdapter):
    @tool(description="Process data with Python")
    def process_data(self, data: str, mode: str = "default") -> dict:
        # Your Python logic here
        return {"processed": data, "mode": mode}

# Register with session (happens automatically in grpc_server.py)
adapter = MyAdapter()
adapter.register_with_session(session_id, stub)
4. Call Python Functions from Elixir
# Execute a Python tool (once registered)
{:ok, result} = ToolRegistry.execute_tool(session_id, "process_data", %{
  "data" => "test input",
  "mode" => "advanced"
})
Detailed Implementation Guide
Setting Up Elixir Tools
	Define Your Function
defmodule MyTools do
  def calculate_stats(params) do
    list = Map.get(params, "numbers", [])
    %{
      sum: Enum.sum(list),
      mean: Enum.sum(list) / length(list),
      max: Enum.max(list)
    }
  end
end

	Register During Application Startup
# In your application.ex or supervisor
ToolRegistry.register_elixir_tool(
  session_id,
  "calculate_stats",
  &MyTools.calculate_stats/1,
  %{
    description: "Calculate statistics for a list of numbers",
    exposed_to_python: true,
    parameters: [
      %{name: "numbers", type: "array", required: true}
    ]
  }
)


Setting Up Python Tools
	Create an Adapter Class
from snakepit_bridge.base_adapter import BaseAdapter, tool
import numpy as np

class DataAdapter(BaseAdapter):
    @tool(description="Perform FFT on signal data")
    def fft_analysis(self, signal: list, sample_rate: int = 1000) -> dict:
        fft_result = np.fft.fft(signal)
        frequencies = np.fft.fftfreq(len(signal), 1/sample_rate)
        
        return {
            "dominant_frequency": float(frequencies[np.argmax(np.abs(fft_result))]),
            "magnitude": float(np.max(np.abs(fft_result))),
            "sample_rate": sample_rate
        }

	Integration with gRPC Server
# In your grpc_server.py
adapter = DataAdapter()

# This happens automatically when adapter is used in ExecuteTool
tool_names = adapter.register_with_session(session_id, stub)


Parameter Types and Serialization
The bridge supports these parameter types:
	Type	Elixir	Python	Notes
	string	String.t()	str	Direct mapping
	integer	integer()	int	Direct mapping
	float	float()	float	Direct mapping
	boolean	boolean()	bool	Direct mapping
	array	list()	list	JSON serialization
	object	map()	dict	JSON serialization
	null	nil	None	Direct mapping

Complex Type Example:
# Python sending complex data to Elixir
result = ctx.call_elixir_tool("process_data", 
    matrix=[[1, 2], [3, 4]],
    config={"threshold": 0.5, "mode": "fast"}
)
Error Handling
# Python side
try:
    result = ctx.call_elixir_tool("risky_operation", data=input_data)
except RuntimeError as e:
    print(f"Elixir tool failed: {e}")
    # Handle error appropriately
# Elixir side
def risky_operation(params) do
  case validate_input(params) do
    :ok -> 
      {:ok, perform_operation(params)}
    {:error, reason} ->
      {:error, "Validation failed: #{reason}"}
  end
end
Advanced Features
1. Session-Scoped Tools
Tools are isolated by session, allowing multi-tenant usage:
# Different sessions have different tools
ctx1 = SessionContext(stub, "session-1")
ctx2 = SessionContext(stub, "session-2")

# Each context only sees tools registered for its session
print(ctx1.elixir_tools.keys())  # Tools for session-1
print(ctx2.elixir_tools.keys())  # Tools for session-2
2. Dynamic Tool Discovery
Tools are discovered automatically:
# Python discovers Elixir tools on initialization
ctx = SessionContext(stub, session_id)
# ctx.elixir_tools is automatically populated

# List all available Elixir tools
for name, proxy in ctx.elixir_tools.items():
    print(f"{name}: {proxy.__doc__}")
3. Metadata and Introspection
# Access tool metadata
tool_proxy = ctx.elixir_tools["calculate_stats"]
print(tool_proxy.__name__)  # "calculate_stats"
print(tool_proxy.__doc__)   # Full description with parameters
4. Hybrid Processing Patterns
# Combine Python and Elixir strengths
class HybridAdapter(BaseAdapter):
    def __init__(self, session_context):
        self.ctx = session_context
    
    @tool(description="Hybrid ML pipeline")
    def ml_pipeline(self, raw_data: list) -> dict:
        # Python: Data preprocessing with pandas/numpy
        processed = self.preprocess(raw_data)
        
        # Elixir: Parallel processing
        distributed_result = self.ctx.call_elixir_tool(
            "parallel_map", 
            data=processed,
            function="complex_calculation"
        )
        
        # Python: ML model inference
        predictions = self.model.predict(distributed_result["results"])
        
        return {
            "predictions": predictions.tolist(),
            "processing_time": distributed_result["elapsed_ms"]
        }
Performance Considerations
Benchmarks
Typical overhead for cross-language calls:
	Simple parameter types: ~1-2ms
	Complex objects (1KB JSON): ~5-10ms
	Large arrays (10MB): ~50-100ms

Optimization Tips
	Batch Operations
# Instead of multiple calls
results = []
for item in items:
    results.append(ctx.call_elixir_tool("process", data=item))

# Use a single batched call
results = ctx.call_elixir_tool("process_batch", items=items)

	Cache Frequently Used Tools
# Store proxy reference
process_fn = ctx.elixir_tools["process_data"]

# Reuse in hot loops
for data in large_dataset:
    result = process_fn(data=data)

	Minimize Serialization
# Return only necessary data
def analyze_large_dataset(params) do
  dataset = decode_dataset(params["data"])
  
  # Don't return the entire dataset
  %{
    summary: calculate_summary(dataset),
    metrics: extract_metrics(dataset),
    # Not: processed_data: dataset
  }
end


Troubleshooting
Common Issues
	"Tool not found" Error
	Ensure exposed_to_python: true is set in Elixir tool metadata
	Verify the session ID matches between Python and Elixir
	Check that the Elixir tool was registered before Python tried to discover it


	Serialization Errors
	Ensure all return values are JSON-serializable
	Use basic types (string, number, boolean, array, object)
	For binary data, base64 encode it first


	Connection Refused
	Verify gRPC server is running: lsof -i :50051
	Check firewall settings
	Ensure correct host/port in Python client


	Session Already Exists
# Clean up before creating
SessionStore.delete_session(session_id)
{:ok, _} = SessionStore.create_session(session_id, metadata: %{})


Debug Mode
Enable detailed logging:
# Python
import logging
logging.getLogger('snakepit_bridge').setLevel(logging.DEBUG)
# Elixir - in config.exs
config :logger, level: :debug
Security Considerations
	Input Validation: Always validate parameters in tool implementations
	Access Control: Implement session-based permissions if needed
	Rate Limiting: Consider implementing rate limits for expensive operations
	Sanitization: Sanitize error messages to avoid leaking sensitive information

Future Enhancements
Currently In Development
	Streaming Support: For long-running operations
# Future API
for progress in ctx.stream_elixir_tool("long_operation", data=data):
    print(f"Progress: {progress.percent}%")

	Binary Data Optimization: Direct binary transfer without JSON encoding

	Connection Pooling: Reuse gRPC connections for better performance

	Automatic Retries: With exponential backoff for transient failures


Examples
Complete working examples are available in the examples/ directory:
	bidirectional_tools_demo.exs - Elixir server with example tools
	python_elixir_tools_demo.py - Python client demonstrating all features
	elixir_python_tools_demo.exs - Elixir calling Python tools (coming soon)

Contributing
When adding new features to the tool bridge:
	Update the protobuf definitions if needed
	Implement both Elixir and Python sides
	Add tests for serialization edge cases
	Update this documentation
	Add examples demonstrating the feature

Related Documentation
	Main README
	Unified gRPC Bridge
	Testing Guide
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    Snakepit Testing Guide

This guide covers the testing approach for the Snakepit project, including test organization, running tests, and understanding test output.
Test Overview
Snakepit contains comprehensive test coverage for:
	Protocol foundation (gRPC infrastructure)
	Core variable system with SessionStore
	Type system and serialization
	Bridge server implementation
	Python integration

Running Tests
Basic Test Execution
# Run all tests
mix test

# Run tests with specific tags
mix test --exclude performance  # Default: excludes performance tests
mix test --only performance      # Run only performance tests

# Run specific test files
mix test test/snakepit/bridge/session_store_test.exs

Test Modes
The test suite runs in different modes based on tags:
	Default: Unit and integration tests (excludes :performance tag)
	Performance: Benchmarks and latency tests (use --only performance)

Understanding Test Output
Expected Warnings
Some tests intentionally trigger warnings to verify error handling. These are expected and normal:
	gRPC Server Shutdown Warning
⏰ gRPC server PID XXXXX did not exit gracefully within 500ms. Forcing SIGKILL.
This occurs during test cleanup when the gRPC server is forcefully terminated. It's expected behavior.

	Server Configuration
All gRPC server configuration warnings have been resolved in the current implementation.


Test Statistics
A typical successful test run shows:
Finished in 1.9 seconds (1.1s async, 0.7s sync)
182 tests, 0 failures
Test Organization
test/
├── snakepit/
│   ├── bridge/
│   │   ├── session_store_test.exs      # Core state management
│   │   ├── serialization_test.exs      # Type serialization
│   │   └── variables/
│   │       └── types_test.exs          # Type system tests
│   ├── grpc/
│   │   ├── bridge_server_test.exs      # gRPC server implementation
│   │   └── client_test.exs             # gRPC client tests
│   └── integration/
│       └── bridge_integration_test.exs  # Full stack integration
└── test_helper.exs                      # Test configuration
Key Test Categories
1. Protocol Tests
Tests the gRPC protocol implementation including:
	Service definitions
	Message serialization
	RPC handlers

2. Type System Tests
Validates the type system including:
	Type validation and constraints
	Serialization/deserialization
	Special value handling (infinity, NaN)

3. SessionStore Tests
Tests the core state management:
	Session lifecycle
	Variable CRUD operations
	Batch operations
	TTL and cleanup

4. Integration Tests
End-to-end tests covering:
	Python-Elixir communication
	Full request/response cycles
	Error propagation

Writing Tests
Test Patterns
	Use descriptive test names
test "handles special float values correctly" do
  # Test implementation
end

	Group related tests with describe blocks
describe "batch operations" do
  test "get_variables returns all found variables" do
    # Test implementation
  end
end

	Capture expected logs
{result, logs} = with_log(fn ->
  # Code that generates expected warnings
end)
assert logs =~ "Expected warning message"


Performance Tests
Performance tests are tagged and excluded by default:
@tag :performance
test "handles 1000 concurrent requests" do
  # Performance test implementation
end
Continuous Integration
The test suite is designed to run in CI environments:
	All tests must pass before merging
	Performance tests are run separately
	Test coverage is monitored

Troubleshooting
Common Issues
	Port Already in Use
	The gRPC server uses port 50051
	Ensure no other services are using this port


	Python Dependencies
	Some integration tests require Python dependencies
	Run pip install -r priv/python/requirements.txt


	Compilation Warnings
	Protocol buffer regeneration may be needed
	Run mix grpc.gen to regenerate Elixir bindings



Related Documentation
	Main README - Project overview
	Unified gRPC Bridge - Protocol details
	Main README - Implementation status
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    Unified gRPC Bridge Implementation

This document describes the implementation of the unified gRPC bridge for DSPex, covering Stages 0, 1, and 2.
Overview
The unified gRPC bridge provides a high-performance, protocol-based communication layer between Elixir (DSPex) and Python (DSPy) components. The implementation follows a staged approach with clear architectural boundaries.
Stage 0: Protocol Foundation
Status: ✅ Complete
What Was Implemented
	Core gRPC service definition (BridgeService) in priv/proto/snakepit_bridge.proto
	Protocol buffer message definitions for all operations
	Elixir gRPC server implementation in lib/snakepit/grpc/bridge_server.ex
	Python gRPC client/server in priv/python/snakepit_bridge/
	Basic RPC handlers: Ping, InitializeSession, CleanupSession

Key Files
	snakepit/priv/proto/snakepit_bridge.proto - Protocol definition
	snakepit/lib/snakepit/grpc/bridge_server.ex - Elixir server
	snakepit/priv/python/snakepit_bridge/grpc_server.py - Python server

Recent Updates (Stage 2 Compliance)
	Fixed service name from SnakepitBridge to BridgeService
	Added missing GetSession and Heartbeat RPCs
	Updated all references across codebases

Stage 1: Core Variables & Tools
Status: ✅ Complete
What Was Implemented
	SessionStore - Centralized state management (lib/snakepit/bridge/session_store.ex)
	Variable CRUD operations with type validation
	Batch operations for performance
	TTL-based session cleanup
	Type system with constraints (lib/snakepit/bridge/variables/types/)
	Serialization layer for cross-language compatibility

Key Components
	SessionStore: GenServer-based state management with ETS backing
	Type System: Float, Integer, String, Boolean with validation and constraints
	Serialization: JSON-based encoding for protobuf Any type

Recent Updates (Stage 2 Compliance)
	Fixed double-encoding issue in serialization
	Centralized type system to avoid duplication
	Updated tests to use new Serialization module

Stage 2: Cognitive Layer & DSPex Integration
Status: ✅ Complete
What Was Implemented
	DSPex.Context - High-level API for variable management
	Dual backend architecture:	LocalState - Pure Elixir for fast operations
	BridgedState - gRPC bridge for Python integration


	Automatic backend switching based on requirements
	State migration between backends
	Full StateProvider behavior compliance

Key Components
	DSPex.Context: Main user-facing API (lib/dspex/context.ex)
	LocalState: In-memory backend (lib/dspex/bridge/state/local.ex)
	BridgedState: SessionStore-backed backend (lib/dspex/bridge/state/bridged.ex)
	StateProvider: Common behavior for backends

Recent Updates (Stage 2 Compliance)
	Removed duplicated type system from LocalState
	Refactored BridgedState to use SessionStore API directly
	Fixed test warnings with proper log capture

Architecture
┌─────────────┐     ┌─────────────┐
│   DSPex     │     │   Python    │
│  Context    │     │   DSPy      │
└──────┬──────┘     └──────┬──────┘
       │                    │
┌──────┴──────┐     ┌──────┴──────┐
│  LocalState │     │   Bridge    │
│  (Elixir)   │     │   Client    │
└──────┬──────┘     └──────┬──────┘
       │                    │
       └────────┬───────────┘
                │
        ┌───────┴────────┐
        │  SessionStore  │
        │   (GenServer)  │
        └───────┬────────┘
                │
        ┌───────┴────────┐
        │  gRPC Server   │
        │  (Port 50051)  │
        └────────────────┘
Testing
Comprehensive test coverage across all components:
Test Files
	Protocol tests: test/snakepit/grpc/
	SessionStore tests: test/snakepit/bridge/session_store_test.exs
	Type system tests: test/snakepit/bridge/variables/types_test.exs
	Property-based tests: test/snakepit/bridge/property_test.exs
	Integration tests: test/snakepit/bridge/integration_test.exs
	Test runner: test/run_bridge_tests.exs

Running Tests
# Run all tests
mix test

# Run unified test suite
mix run test/run_bridge_tests.exs --all

# Run specific test types
mix test --include property
mix test --include integration
mix test --include performance

# Run with test runner options
mix run test/run_bridge_tests.exs --property --integration --verbose

Test Types
	Unit Tests: Individual component testing with isolation
	Property-Based Tests: Invariant verification with generated data using StreamData
	Integration Tests: Full stack Python-Elixir communication testing
	Performance Tests: Benchmark operations against targets

Performance Characteristics
Operation Latency
	LocalState: Microsecond operations (pure Elixir)
	BridgedState: 1-5ms operations (includes gRPC overhead)
	Batch operations: Amortized cost for multiple operations
	Session cleanup: Automatic TTL-based expiration

Binary Serialization
	Automatic optimization: Data > 10KB uses binary encoding
	Performance gains: 5-10x faster for large tensors/embeddings
	Size reduction: 3-5x smaller message size
	Supported types: tensor and embedding variables
	Threshold: 10,240 bytes (10KB)
	Format: Erlang Term Format (ETF) on Elixir, pickle on Python

Benchmarks
	Operation	Small Data (<10KB)	Large Data (>10KB)
	Variable Set	2ms (JSON)	3ms (Binary)
	Variable Get	1.5ms (JSON)	2ms (Binary)
	Serialization	0.5ms	0.1ms (5x faster)
	Network Transfer	1ms	0.3ms (3x faster)

Future Work
Low priority items for future consideration:
	Benchmark suite for performance regression testing
	Stage 3: Streaming and real-time updates
	Stage 4: Advanced features (optimization, dependencies)

References
	Main README
	Testing Guide
	Process Management
	gRPC Communication
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    Snakepit Architecture

Overview
Snakepit is a high-performance Python bridge for Elixir that enables seamless execution of Python code from Elixir applications. It uses a pure gRPC-based architecture with stateless Python workers and centralized session management in Elixir.
High-Level Architecture
┌─────────────────────────────────────────────────────────────────────┐
│                          Elixir Application                         │
├─────────────────────────────────────────────────────────────────────┤
│                                                                     │
│  ┌──────────────┐     ┌──────────────────┐    ┌────────────────┐  │
│  │    Pool      │────▶│ WorkerSupervisor │───▶│ Worker.Starter │  │
│  │  (GenServer) │     │ (DynamicSupervisor)   │  (Supervisor)  │  │
│  └──────────────┘     └──────────────────┘    └────────────────┘  │
│         │                                               │           │
│         │                                               ▼           │
│         │              ┌────────────────┐       ┌──────────────┐  │
│         │              │  SessionStore  │       │  GRPCWorker  │  │
│         └─────────────▶│  (GenServer)   │       │ (GenServer)  │  │
│                        │  + ETS Table   │       └──────────────┘  │
│                        └────────────────┘              │           │
│                                                         │ gRPC      │
└─────────────────────────────────────────────────────────┼───────────┘
                                                          │
┌─────────────────────────────────────────────────────────┼───────────┐
│                        Python Worker                    │           │
│                                                         ▼           │
│  ┌──────────────────┐    ┌──────────────────┐  ┌──────────────┐  │
│  │  grpc_server.py  │────│ SessionContext   │──│    Types &    │  │
│  │ (gRPC Service)   │    │ (Cache + Client) │  │ Serialization │  │
│  └──────────────────┘    └──────────────────┘  └──────────────┘  │
│           │                                                         │
│           ▼                                                         │
│  ┌──────────────────┐    ┌──────────────────┐                    │
│  │  User Adapter    │────│   User Tools     │                    │
│  │  (BaseAdapter)   │    │  (Custom Code)   │                    │
│  └──────────────────┘    └──────────────────┘                    │
└─────────────────────────────────────────────────────────────────────┘
Key Components
Elixir Side
Pool (lib/snakepit/pool/pool.ex)
	Purpose: Manages a pool of Python workers for concurrent execution
	Design: GenServer that maintains available/busy worker sets and a request queue
	Features:	Concurrent worker startup
	Session affinity (routes session requests to same worker when possible)
	Automatic request queueing when all workers are busy
	Non-blocking async execution using Task.Supervisor



WorkerSupervisor (lib/snakepit/pool/worker_supervisor.ex)
	Purpose: DynamicSupervisor for managing worker lifecycle
	Design: Starts Worker.Starter processes which in turn manage actual workers
	Features: Provides clean separation between supervision and worker logic

Worker.Starter (lib/snakepit/pool/worker_starter.ex)
	Purpose: Implements the "Permanent Wrapper" pattern for automatic worker restarts
	Design: A permanent supervisor that manages a transient worker
	Features:	Automatic restart of crashed workers without Pool intervention
	Clean shutdown during application termination
	Decouples Pool from worker replacement logic



GRPCWorker (lib/snakepit/grpc_worker.ex)
	Purpose: Manages a single Python worker process
	Design: GenServer that spawns and communicates with Python via gRPC
	Features:	Port-based process management
	Health checking
	Automatic reconnection
	Request timeout handling
	Statistics tracking



SessionStore (lib/snakepit/bridge/session_store.ex)
	Purpose: Centralized session and variable management
	Design: GenServer backed by ETS table for high-performance concurrent access
	Features:	TTL-based session expiration
	Type-safe variable storage
	Atomic operations
	High-performance cleanup using ETS select_delete
	Read-concurrency optimization



Python Side
grpc_server.py (priv/python/grpc_server.py)
	Purpose: Main gRPC service implementation
	Design: Stateless server that delegates to adapters and manages sessions
	Features:	Unified protocol supporting both simple execution and session-based operations
	Tool registration and execution
	Streaming support
	Comprehensive error handling



SessionContext (priv/python/snakepit_bridge/session_context.py)
	Purpose: Client-side session state with intelligent caching
	Design: Thread-safe context manager with TTL-based cache
	Features:	Local variable cache to reduce gRPC round-trips
	Automatic cache invalidation on TTL expiry
	Lazy loading of variables
	Batch operations support



Types & Serialization
	Purpose: Consistent type system across Elixir and Python
	Design: Centralized modules for type conversion and validation
	Features:	Support for basic types (integer, float, string, boolean)
	Complex types (list, map, embedding, tensor)
	Special value handling (NaN, Infinity)
	Binary data optimization



Design Principles
1. Stateless Python Workers
Python workers are completely stateless. All persistent state is managed by the Elixir SessionStore. This enables:
	Easy horizontal scaling
	Crash resilience
	Simple worker replacement
	No state synchronization issues

2. Centralized State Management
The SessionStore in Elixir is the single source of truth for all session state:
	Variables are stored with type information
	Sessions have TTL-based expiration
	All operations are atomic
	High concurrency via ETS

3. Performance Optimization
	ETS for Storage: Read-concurrency optimized ETS tables for session data
	Client-side Caching: Python SessionContext caches variables locally
	Batch Operations: Support for bulk variable operations
	Binary Protocol: gRPC with protobuf for efficient serialization

4. Fault Tolerance
	Supervision Tree: Proper OTP supervision at every level
	Process Monitoring: Multiple layers of process monitoring
	Automatic Cleanup: ApplicationCleanup prevents orphaned processes
	Health Checks: Periodic health monitoring of workers

Protocol Specification
The system uses a unified gRPC protocol defined in priv/proto/snakepit_bridge.proto:
Core Services
	Execute: Simple command execution
	ExecuteStream: Streaming command execution
	Tool Operations: RegisterTool, ListTools, UnregisterTool
	Session Operations: InitializeSession, CleanupSession
	Variable Operations: RegisterVariable, GetVariable, SetVariable, etc.
	Health & Info: Health checks and system information

Message Flow
	Client calls Pool with request
	Pool assigns available worker (preferring session affinity)
	Request forwarded to GRPCWorker
	GRPCWorker makes gRPC call to Python
	Python executes via adapter/tools
	For variables: Python may call back to Elixir SessionStore
	Response returned through the chain

Architecture Evolution
As of v0.4.0, Snakepit uses a unified gRPC-only architecture that provides:
	Stateless Python workers with centralized SessionStore for state management
	Binary gRPC protocol with protobuf for efficient communication
	Intelligent routing with session affinity and multi-level caching
	Native streaming support for real-time progress updates
	Bidirectional tool execution between Elixir and Python

Binary Serialization
Overview
The architecture includes automatic binary serialization for efficient handling of large numerical data:
	Threshold-based: Automatically switches to binary encoding for data > 10KB
	Type-aware: Optimized for tensor and embedding types
	Transparent: No API changes required - works automatically
	Protocol: Uses Erlang Term Format (ETF) on Elixir side, Python pickle on Python side

Implementation Details
	Detection: Serialization.should_use_binary?/2 checks data size
	Encoding: 	Small data: JSON via encode_as_json/2
	Large data: Binary via encode_with_binary/2


	Transport: Binary data travels in separate protobuf fields
	Decoding: Automatic detection of binary format via type URL suffix

Performance Impact
	10x faster serialization for large tensors
	5x reduction in message size
	Zero overhead for small data (still uses JSON)

Future Enhancements
The architecture is designed to support future features:
	Distributed Sessions: SessionStore could be backed by distributed ETS/Mnesia
	Multi-node Support: Workers could run on different nodes
	Advanced Caching: Redis-backed caching for large datasets
	Metrics & Tracing: OpenTelemetry integration end-to-end
	Tool Marketplace: Dynamic tool loading from external sources
	Compression: Optional compression for binary data
	Custom Serializers: Pluggable serialization formats
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    Snakepit Performance Architecture Diagrams (v0.4.0+)

This document provides detailed Mermaid diagrams focusing on the high-performance aspects of Snakepit's architecture. These diagrams emphasize the performance optimizations, concurrent operations, and O(1) data structures that make Snakepit suitable for production workloads.
Key Performance Features Illustrated
	⚡ Concurrent Worker Initialization: 1000x faster than sequential startup
	⚡ Non-blocking Async Execution: Pool returns immediately, requests execute via Task.Supervisor  
	⚡ O(1) Registry Operations: Constant-time worker lookups and assignments
	⚡ ETS Performance Optimizations: Read/write concurrency with decentralized counters
	⚡ HTTP/2 Multiplexing: Modern gRPC protocol for efficient communication


1. Overall System Architecture - High Performance Overview (v0.4.0+)
graph LR
    ElixirOTPLayer["Elixir OTP Layer"]
    subgraph ElixirOTPLayer
        Client["Client API"]
        Pool["Pool Manager<br/>⚡ Non-blocking async"]
        TaskSup["Task Supervisor<br/>⚡ Isolated execution"]
        
        WorkerManagement["Worker Management"]
        subgraph WorkerManagement
            WorkerSup["Worker Supervisor<br/>⚡ Dynamic workers"]
            Starter1["Worker Starter 1<br/>🔄 Auto-restart"]
            Starter2["Worker Starter 2<br/>🔄 Auto-restart"]
            StarterN["Worker Starter N<br/>🔄 Auto-restart"]
            Worker1["Worker 1<br/>GenServer"]
            Worker2["Worker 2<br/>GenServer"]
            WorkerN["Worker N<br/>GenServer"]
        end
        
        HighPerformanceRegistries["High Performance Registries"]
        subgraph HighPerformanceRegistries
            Registry["Worker Registry<br/>⚡ O(1) lookups"]
            ProcReg["Process Registry<br/>⚡ PID tracking"]
            StarterReg["Starter Registry<br/>⚡ Supervisor tracking"]
        end
        
        SessionStoreETS["Session Store ETS"]
        subgraph SessionStoreETS
            SessionStore["Session Store<br/>⚡ Concurrent R/W<br/>📊 Decentralized counters"]
            GlobalPrograms["Global Programs<br/>⚡ Public table access"]
        end
    end
    
    ExternalProcesses["External Processes"]
    subgraph ExternalProcesses
        Python1["Python Process 1<br/>🐍 Port communication"]
        Python2["Python Process 2<br/>🐍 Port communication"]
        PythonN["Python Process N<br/>🐍 Port communication"]
    end
    
    Client -->|"⚡ Async call"| Pool
    Pool -->|"⚡ O(1) checkout"| Registry
    Pool -->|"🎯 Session affinity"| SessionStore
    Pool -->|"⚡ Task.async_nolink"| TaskSup
    TaskSup -->|Execute| Worker1
    TaskSup -->|Execute| Worker2
    TaskSup -->|Execute| WorkerN
    
    WorkerSup -->|Supervise| Starter1
    WorkerSup -->|Supervise| Starter2
    WorkerSup -->|Supervise| StarterN
    
    Starter1 -->|Auto-restart| Worker1
    Starter2 -->|Auto-restart| Worker2
    StarterN -->|Auto-restart| WorkerN
    
    Worker1 -->|gRPC protocol<br/>HTTP/2 + protobuf| Python1
    Worker2 -->|gRPC protocol<br/>HTTP/2 + protobuf| Python2
    WorkerN -->|gRPC protocol<br/>HTTP/2 + protobuf| PythonN
    
    Worker1 -->|Register| Registry
    Worker2 -->|Register| Registry
    WorkerN -->|Register| Registry
    
    Worker1 -->|Track PID| ProcReg
    Worker2 -->|Track PID| ProcReg
    WorkerN -->|Track PID| ProcReg
    
    style ElixirOTPLayer fill:#e6e6fa,stroke:#9370db,stroke-width:3px,color:#2e1065
    style WorkerManagement fill:#f3e8ff,stroke:#a855f7,stroke-width:2px,color:#581c87
    style HighPerformanceRegistries fill:#f3e8ff,stroke:#a855f7,stroke-width:2px,color:#581c87
    style SessionStoreETS fill:#f3e8ff,stroke:#a855f7,stroke-width:2px,color:#581c87
    style ExternalProcesses fill:#f0f9ff,stroke:#0ea5e9,stroke-width:2px,color:#0c4a6e
    style Pool fill:#ddd6fe,stroke:#7c3aed,stroke-width:2px,color:#581c87
    style SessionStore fill:#ddd6fe,stroke:#7c3aed,stroke-width:2px,color:#581c87
    style Registry fill:#ddd6fe,stroke:#7c3aed,stroke-width:2px,color:#581c87
    style TaskSup fill:#ddd6fe,stroke:#7c3aed,stroke-width:2px,color:#581c87
This diagram shows the complete system architecture with emphasis on performance-critical components. Note the use of concurrent data structures (ETS tables with read/write concurrency) and O(1) operations throughout the system.
2. Request Flow - Performance Critical Path
sequenceDiagram
    participant C as Client
    participant P as Pool<br/>⚡ Non-blocking
    participant TS as TaskSupervisor<br/>⚡ Isolated
    participant R as Registry<br/>⚡ O(1)
    participant S as SessionStore<br/>⚡ ETS
    participant W as Worker
    participant E as External Process
    
    C->>P: execute(command, args)
    
    alt Session-based request
        P->>S: get_preferred_worker<br/>⚡ O(1) ETS lookup
        S-->>P: worker_id or nil
    end
    
    P->>R: checkout_worker<br/>⚡ O(1) via Registry
    R-->>P: worker_id
    
    P->>TS: Task.async_nolink<br/>⚡ Non-blocking
    Note over P: Pool returns immediately<br/>to handle next request
    
    TS->>W: GenServer.call
    W->>E: gRPC call<br/>⚡ HTTP/2 + protobuf
    E-->>W: gRPC response<br/>⚡ protobuf encoded
    W-->>TS: Result
    TS-->>C: GenServer.reply<br/>⚡ Direct to client
    
    TS->>P: checkin_worker<br/>⚡ Cast (async)
    
    alt Queued requests exist
        P->>P: Process next<br/>from queue
    else No queued requests
        P->>R: Mark available<br/>⚡ O(1) update
    end
This sequence diagram illustrates the non-blocking request flow. Key performance insight: the Pool returns immediately after dispatching to Task.Supervisor, allowing it to handle the next request while the current one executes asynchronously.
3. ETS Tables Architecture - High Performance Storage
graph LR
    SessionStoreETSTables["Session Store ETS Tables"]
    subgraph SessionStoreETSTables
        SessionsTable["Sessions Table"]
        subgraph SessionsTable
            ST[":snakepit_sessions<br/>⚡ read_concurrency: true<br/>⚡ write_concurrency: true<br/>⚡ decentralized_counters: true"]
            
            S1["Key: session_1<br/>Value: {last_accessed, ttl, session_data}"]
            S2["Key: session_2<br/>Value: {last_accessed, ttl, session_data}"]
            SN["Key: session_N<br/>Value: {last_accessed, ttl, session_data}"]
        end
        
        GlobalProgramsTable["Global Programs Table"]
        subgraph GlobalProgramsTable
            GP[":snakepit_sessions_global_programs<br/>⚡ Same optimizations"]
            
            P1["Key: program_1<br/>Value: {data, timestamp}"]
            P2["Key: program_2<br/>Value: {data, timestamp}"]
            PN["Key: program_N<br/>Value: {data, timestamp}"]
        end
    end
    
    OptimizedOperations["Optimized Operations"]
    subgraph OptimizedOperations
        Read["⚡ Concurrent reads<br/>No locking"]
        Write["⚡ Concurrent writes<br/>Decentralized counters"]
        Cleanup["⚡ select_delete<br/>Atomic batch cleanup"]
    end
    
    ST --> S1
    ST --> S2
    ST --> SN
    
    GP --> P1
    GP --> P2
    GP --> PN
    
    Read --> ST
    Read --> GP
    Write --> ST
    Write --> GP
    Cleanup --> ST
    Cleanup --> GP
    
    style SessionStoreETSTables fill:#e6e6fa,stroke:#9370db,stroke-width:3px,color:#2e1065
    style SessionsTable fill:#f3e8ff,stroke:#a855f7,stroke-width:2px,color:#581c87
    style GlobalProgramsTable fill:#f3e8ff,stroke:#a855f7,stroke-width:2px,color:#581c87
    style OptimizedOperations fill:#f3e8ff,stroke:#a855f7,stroke-width:2px,color:#581c87
    style ST fill:#ddd6fe,stroke:#7c3aed,stroke-width:2px,color:#581c87
    style GP fill:#ddd6fe,stroke:#7c3aed,stroke-width:2px,color:#581c87
    style Read fill:#ddd6fe,stroke:#7c3aed,stroke-width:2px,color:#581c87
    style Write fill:#ddd6fe,stroke:#7c3aed,stroke-width:2px,color:#581c87
    style Cleanup fill:#ddd6fe,stroke:#7c3aed,stroke-width:2px,color:#581c87
ETS tables are configured for maximum performance with read_concurrency: true, write_concurrency: true, and decentralized_counters: true. This enables highly concurrent access patterns essential for production workloads.
4. Worker Lifecycle - Performance & Reliability
stateDiagram-v2
    [*] --> Starting: Pool requests worker
    
    Starting --> Initializing: Port opened<br/>⚡ Parallel startup
    
    Initializing --> Ready: Init ping OK<br/>📊 Telemetry emitted
    Initializing --> Failed: Timeout/Error
    
    Ready --> Busy: Request received<br/>⚡ O(1) checkout
    Busy --> Ready: Response sent<br/>⚡ O(1) checkin
    
    Ready --> HealthCheck: Periodic check<br/>⏱️ Every 30s
    HealthCheck --> Ready: Healthy
    HealthCheck --> Unhealthy: Failed
    
    Unhealthy --> Restarting: Supervisor detects
    Failed --> Restarting: Auto-restart
    
    Restarting --> Starting: ♻️ Via Starter
    
    Ready --> Terminating: Shutdown signal
    Busy --> Terminating: Graceful shutdown
    
    Terminating --> [*]: Process cleaned up
    
    note right of Ready
        ⚡ Worker pool maintains
        hot workers ready for
        immediate use
    end note
    
    note right of Busy
        ⚡ Non-blocking async
        execution via Task
        Supervisor
    end note
The worker lifecycle emphasizes automatic recovery and hot standby. Workers stay in the Ready state, eliminating cold-start latency. The supervision tree ensures automatic restart without Pool intervention.
5. Concurrent Initialization Performance
graph TD
    SequentialStartupTraditional["Sequential Startup Traditional"]
    subgraph SequentialStartupTraditional
        T0["Start"] --> W1S["Worker 1<br/>2s"]
        W1S --> W2S["Worker 2<br/>2s"]
        W2S --> W3S["Worker 3<br/>2s"]
        W3S --> W4S["Worker 4<br/>2s"]
        W4S --> DoneS["Ready<br/>Total: 8s"]
    end
    
    ConcurrentStartupSnakepit["Concurrent Startup Snakepit"]
    subgraph ConcurrentStartupSnakepit
        T0C["Start"] --> Init["Task.async_stream"]
        Init --> W1C["Worker 1<br/>2s"]
        Init --> W2C["Worker 2<br/>2s"]
        Init --> W3C["Worker 3<br/>2s"]
        Init --> W4C["Worker 4<br/>2s"]
        
        W1C --> Collect
        W2C --> Collect
        W3C --> Collect
        W4C --> Collect
        
        Collect --> DoneC["Ready<br/>Total: ~2s"]
    end
    
    style SequentialStartupTraditional fill:#fef3c7,stroke:#f59e0b,stroke-width:2px,color:#92400e
    style ConcurrentStartupSnakepit fill:#e6e6fa,stroke:#9370db,stroke-width:3px,color:#2e1065
    style Init fill:#ddd6fe,stroke:#7c3aed,stroke-width:2px,color:#581c87
    style DoneC fill:#dcfce7,stroke:#22c55e,stroke-width:2px,color:#14532d
    style DoneS fill:#fee2e2,stroke:#ef4444,stroke-width:2px,color:#7f1d1d
This comparison shows Snakepit's dramatic performance advantage during startup. Using Task.async_stream, all workers initialize concurrently instead of sequentially, reducing startup time from N×init_time to ~init_time.
6. Request Queueing & Load Distribution
graph LR
    HighPerformanceRequestHandling["High Performance Request Handling"]
    subgraph HighPerformanceRequestHandling
        RequestQueue["Request Queue"]
        subgraph RequestQueue
            Q[":queue (Erlang)<br/>⚡ FIFO<br/>⚡ O(1) operations"]
            R1["Request 1"]
            R2["Request 2"]
            R3["Request 3"]
            RN["Request N"]
        end
        
        WorkerPoolState["Worker Pool State"]
        subgraph WorkerPoolState
            Available["MapSet<br/>⚡ O(1) member check<br/>⚡ O(1) add/remove"]
            Busy["Map<br/>⚡ O(1) lookup"]
            
            AW1["Worker 1"]
            AW2["Worker 2"]
            BW3["Worker 3 🔴"]
            BW4["Worker 4 🔴"]
        end
        
        LoadDistribution["Load Distribution"]
        subgraph LoadDistribution
            Check{"Worker<br/>Available?"}
            Assign["Assign to worker<br/>⚡ O(1)"]
            Queue["Queue request<br/>⚡ O(1)"]
            Dequeue["Process from queue<br/>⚡ O(1)"]
        end
    end
    
    R1 --> Check
    R2 --> Check
    R3 --> Check
    RN --> Check
    
    Check -->|Yes| Assign
    Check -->|No| Queue
    
    Queue --> Q
    Q --> Dequeue
    
    Assign --> Available
    Available --> AW1
    Available --> AW2
    
    Busy --> BW3
    Busy --> BW4
    
    Dequeue -->|Worker freed| Assign
    
    style HighPerformanceRequestHandling fill:#e6e6fa,stroke:#9370db,stroke-width:3px,color:#2e1065
    style RequestQueue fill:#f3e8ff,stroke:#a855f7,stroke-width:2px,color:#581c87
    style WorkerPoolState fill:#f3e8ff,stroke:#a855f7,stroke-width:2px,color:#581c87
    style LoadDistribution fill:#f3e8ff,stroke:#a855f7,stroke-width:2px,color:#581c87
    style Q fill:#ddd6fe,stroke:#7c3aed,stroke-width:2px,color:#581c87
    style Available fill:#ddd6fe,stroke:#7c3aed,stroke-width:2px,color:#581c87
    style Check fill:#ddd6fe,stroke:#7c3aed,stroke-width:2px,color:#581c87
The queueing system uses Erlang's built-in :queue module and MapSet for O(1) operations. This ensures consistent performance regardless of queue size or number of workers, making the system predictable under load.
7. Process Registry - O(1) Performance
graph LR
    RegistryArchitecture["Registry Architecture"]
    subgraph RegistryArchitecture
        WorkerRegistry["Worker Registry"]
        subgraph WorkerRegistry
            WR["Elixir Registry<br/>⚡ :unique keys<br/>⚡ O(1) operations"]
            WK1["worker_1 → PID1"]
            WK2["worker_2 → PID2"]
            WKN["worker_N → PIDN"]
        end
        
        ProcessRegistryETS["Process Registry ETS"]
        subgraph ProcessRegistryETS
            PR["Process Registry<br/>⚡ :protected table<br/>⚡ read_concurrency"]
            PK1["worker_1 → {pid, os_pid, fingerprint}"]
            PK2["worker_2 → {pid, os_pid, fingerprint}"]
            PKN["worker_N → {pid, os_pid, fingerprint}"]
        end
        
        StarterRegistry["Starter Registry"]
        subgraph StarterRegistry
            SR["Starter Registry<br/>⚡ Supervisor tracking"]
            SK1["worker_1 → Starter PID1"]
            SK2["worker_2 → Starter PID2"]
            SKN["worker_N → Starter PIDN"]
        end
    end
    
    O1Operations["O(1) Operations"]
    subgraph O1Operations
        Op1["via_tuple lookup<br/>⚡ Direct to worker"]
        Op2["Reverse lookup<br/>⚡ PID to worker_id"]
        Op3["OS PID tracking<br/>⚡ Cleanup guarantee"]
    end
    
    WR --> WK1
    WR --> WK2
    WR --> WKN
    
    PR --> PK1
    PR --> PK2
    PR --> PKN
    
    SR --> SK1
    SR --> SK2
    SR --> SKN
    
    Op1 --> WR
    Op2 --> WR
    Op3 --> PR
    
    style RegistryArchitecture fill:#e6e6fa,stroke:#9370db,stroke-width:3px,color:#2e1065
    style WorkerRegistry fill:#f3e8ff,stroke:#a855f7,stroke-width:2px,color:#581c87
    style ProcessRegistryETS fill:#f3e8ff,stroke:#a855f7,stroke-width:2px,color:#581c87
    style StarterRegistry fill:#f3e8ff,stroke:#a855f7,stroke-width:2px,color:#581c87
    style O1Operations fill:#f3e8ff,stroke:#a855f7,stroke-width:2px,color:#581c87
    style WR fill:#ddd6fe,stroke:#7c3aed,stroke-width:2px,color:#581c87
    style PR fill:#ddd6fe,stroke:#7c3aed,stroke-width:2px,color:#581c87
    style SR fill:#ddd6fe,stroke:#7c3aed,stroke-width:2px,color:#581c87
Multiple registry types provide different lookup capabilities while maintaining O(1) performance. The combination enables efficient worker management, process tracking, and supervision without performance bottlenecks.
Performance Summary
These diagrams illustrate how Snakepit achieves production-grade performance through:
	Concurrent Everything: Startup, execution, and state access all leverage concurrency
	O(1) Data Structures: Registry, ETS tables, and queues maintain constant-time operations
	Non-blocking Architecture: Pool never blocks, requests execute asynchronously
	Modern Protocols: gRPC with HTTP/2 multiplexing replaces legacy stdio pipes
	Hot Workers: Pre-warmed workers eliminate cold-start latency

The result is a system capable of handling thousands of concurrent requests with predictable performance characteristics.
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    Snakepit Architecture Diagrams (v0.4.0+)

This document provides comprehensive Mermaid diagrams that illustrate Snakepit's system architecture, focusing on component relationships, data flow, and operational patterns. These diagrams complement the performance-focused diagrams in DIAGS.md by showing the complete system design.
Diagram Overview
	High-Level System Architecture - Component relationships and communication patterns
	Request Flow Sequence - Step-by-step execution flow with session and variable management
	Supervision Tree - OTP supervision hierarchy for fault tolerance
	State Management Flow - How state is centralized in Elixir while Python workers remain stateless  
	Worker Lifecycle - State transitions during worker lifetime
	Variable System Architecture - Class structure for type-safe variable management
	Protocol Message Flow - gRPC message flow between components
	Error Handling & Recovery - How errors are detected and recovered from

These diagrams are essential for understanding how Snakepit achieves its design goals of high performance, fault tolerance, and clean separation of concerns.
1. High-Level System Architecture
graph TB
    subgraph "Elixir Application"
        APP[Application Code]
        POOL[Pool<br/>GenServer]
        WS[WorkerSupervisor<br/>DynamicSupervisor]
        STARTER[Worker.Starter<br/>Supervisor]
        WORKER[GRPCWorker<br/>GenServer]
        SS[SessionStore<br/>GenServer + ETS]
        BS[BridgeServer<br/>gRPC Service]
    end
    
    subgraph "Python Worker Process"
        GRPC[grpc_server.py<br/>gRPC Service]
        CTX[SessionContext<br/>Cache + Client]
        ADAPTER[User Adapter]
        TOOLS[User Tools]
    end
    
    APP -->|execute| POOL
    POOL -->|manages| WS
    WS -->|supervises| STARTER
    STARTER -->|monitors| WORKER
    WORKER -->|spawns & gRPC| GRPC
    
    POOL -->|session ops| SS
    SS -->|stores state| ETS[(ETS Table)]
    
    GRPC -->|variable ops| BS
    BS -->|reads/writes| SS
    
    GRPC -->|creates| CTX
    CTX -->|gRPC callbacks| BS
    ADAPTER -->|uses| CTX
    TOOLS -->|registered in| ADAPTER
    
    style APP fill:#e1f5fe
    style POOL fill:#b3e5fc
    style SS fill:#81d4fa
    style GRPC fill:#fff9c4
    style CTX fill:#fff59d
This diagram shows the overall system components and their relationships. Key insight: Python workers are completely stateless - all state management happens in the Elixir SessionStore, enabling easy scaling and crash recovery.
2. Request Flow Sequence
sequenceDiagram
    participant App as Elixir App
    participant Pool
    participant Worker as GRPCWorker
    participant Python as Python Process
    participant Store as SessionStore
    
    App->>Pool: execute(command, args, session_id)
    Pool->>Pool: Find worker with session affinity
    Pool->>Worker: Forward request
    Worker->>Python: gRPC ExecuteTool
    
    alt Variable Access Needed
        Python->>Worker: gRPC GetVariable
        Worker->>Store: get_variable(session_id, name)
        Store-->>Worker: Variable data
        Worker-->>Python: Variable value
    end
    
    Python->>Python: Execute tool/adapter logic
    
    alt Variable Update Needed
        Python->>Worker: gRPC SetVariable
        Worker->>Store: update_variable(session_id, name, value)
        Store-->>Worker: Success
        Worker-->>Python: Confirmation
    end
    
    Python-->>Worker: Execution result
    Worker-->>Pool: Result
    Pool-->>App: Result
This sequence shows how variable access patterns work. Python workers call back to Elixir for variable operations, maintaining the stateless design while enabling session-based workflows.
3. Supervision Tree
graph TD
    APP[Application]
    SUP[Main Supervisor]
    REG[Registries<br/>Pool.Registry<br/>ProcessRegistry<br/>StarterRegistry]
    SS[SessionStore]
    BS[BridgeServer]
    WS[WorkerSupervisor<br/>:one_for_one]
    POOL[Pool]
    CLEANUP[ApplicationCleanup]
    
    APP -->|starts| SUP
    SUP -->|permanent| REG
    SUP -->|permanent| SS
    SUP -->|permanent| BS
    SUP -->|permanent| WS
    SUP -->|permanent| POOL
    SUP -->|permanent| CLEANUP
    
    WS -->|dynamic| S1[Worker.Starter 1<br/>:permanent]
    WS -->|dynamic| S2[Worker.Starter 2<br/>:permanent]
    WS -->|dynamic| SN[Worker.Starter N<br/>:permanent]
    
    S1 -->|transient| W1[GRPCWorker 1]
    S2 -->|transient| W2[GRPCWorker 2]
    SN -->|transient| WN[GRPCWorker N]
    
    style SUP fill:#ff9800
    style WS fill:#ff9800
    style S1 fill:#ffc107
    style S2 fill:#ffc107
    style SN fill:#ffc107
The supervision tree implements the "Permanent Wrapper" pattern where Worker.Starters supervise individual workers. This decouples the Pool from worker restart logic and provides automatic recovery.
4. State Management Flow
graph LR
    subgraph "Python Side (Stateless)"
        PY[Python Worker]
        CACHE[SessionContext<br/>Local Cache]
    end
    
    subgraph "Elixir Side (Stateful)"
        BS[BridgeServer]
        SS[SessionStore]
        ETS[(ETS Table<br/>:read_concurrency)]
    end
    
    PY -->|"get_variable<br/>set_variable<br/>register_variable"| BS
    BS -->|GenServer calls| SS
    SS -->|atomic ops| ETS
    
    CACHE -.->|"TTL-based<br/>invalidation"| CACHE
    PY -->|"cache miss"| BS
    BS -->|"variable data"| PY
    PY -->|"cache hit"| CACHE
    
    style PY fill:#fff9c4
    style CACHE fill:#fff59d
    style SS fill:#81d4fa
    style ETS fill:#4fc3f7
This diagram illustrates the key architectural principle: stateless Python workers with centralized Elixir state. The SessionContext provides local caching to reduce gRPC round-trips while maintaining consistency.
5. Worker Lifecycle
stateDiagram-v2
    [*] --> Starting: Pool requests worker
    Starting --> Spawning: WorkerSupervisor starts Starter
    Spawning --> Launching: Starter starts GRPCWorker
    Launching --> Connecting: GRPCWorker spawns Python
    Connecting --> Ready: gRPC connection established
    
    Ready --> Executing: Receive request
    Executing --> Ready: Complete request
    
    Ready --> HealthCheck: Periodic check
    HealthCheck --> Ready: Healthy
    HealthCheck --> Reconnecting: Unhealthy
    
    Reconnecting --> Ready: Reconnected
    Reconnecting --> Crashed: Failed
    
    Ready --> Stopping: Shutdown request
    Executing --> Crashed: Error
    
    Crashed --> Restarting: Starter detects
    Restarting --> Launching: Automatic restart
    
    Stopping --> [*]: Clean shutdown
The worker lifecycle emphasizes fault tolerance and automatic recovery. Workers transition through well-defined states with automatic restart via the supervision tree when failures occur.
6. Variable System Architecture
classDiagram
    class SessionStore {
        +create_session(id, opts)
        +get_session(id)
        +delete_session(id)
        +register_variable(session_id, name, type, value)
        +get_variable(session_id, name)
        +update_variable(session_id, name, value)
        +list_variables(session_id)
        -cleanup_expired_sessions()
    }
    
    class Session {
        +id: String
        +variables: Map
        +variable_index: Map
        +programs: Map
        +metadata: Map
        +ttl: Integer
        +created_at: Integer
        +last_accessed: Integer
    }
    
    class Variable {
        +id: String
        +name: String
        +type: atom
        +value: Any
        +constraints: Map
        +metadata: Map
        +created_at: Integer
        +updated_at: Integer
    }
    
    class SessionContext {
        +session_id: String
        +stub: BridgeServiceStub
        +strict_mode: bool
        -_cache: Dict
        +register_variable(name, type, value)
        +get_variable(name)
        +update_variable(name, value)
        +__getitem__(name)
        +__setitem__(name, value)
    }
    
    class CachedVariable {
        +variable: Variable
        +cached_at: datetime
        +ttl: timedelta
        +expired: bool
    }
    
    SessionStore "1" --> "*" Session : manages
    Session "1" --> "*" Variable : contains
    SessionContext "1" --> "*" CachedVariable : caches
    SessionContext --> SessionStore : gRPC calls
The variable system class diagram shows the relationship between Elixir-side storage (SessionStore) and Python-side caching (SessionContext). This design enables type-safe variable management across language boundaries.
7. Protocol Message Flow
graph TB
    subgraph "Client Request"
        REQ[ExecuteToolRequest<br/>tool_name, args, session_id]
    end
    
    subgraph "Python Processing"
        TOOL[Tool Execution]
        VAR_GET[GetVariableRequest]
        VAR_SET[SetVariableRequest]
    end
    
    subgraph "Elixir Processing"
        STORE[SessionStore Operations]
        SER[Serialization Module]
    end
    
    subgraph "Response"
        RESP[ExecuteToolResponse<br/>success, result, error]
    end
    
    REQ -->|protobuf| TOOL
    TOOL -->|need variable| VAR_GET
    VAR_GET -->|protobuf| STORE
    STORE -->|Variable| SER
    SER -->|GetVariableResponse| TOOL
    
    TOOL -->|update variable| VAR_SET
    VAR_SET -->|protobuf| STORE
    STORE -->|update| SER
    SER -->|SetVariableResponse| TOOL
    
    TOOL -->|complete| RESP
    
    style REQ fill:#e8f5e9
    style RESP fill:#e8f5e9
    style TOOL fill:#fff9c4
    style STORE fill:#81d4fa
This message flow diagram shows how gRPC protobuf messages flow through the system. The protocol handles both tool execution and variable management through a unified interface.
8. Error Handling & Recovery
graph TD
    subgraph "Error Sources"
        E1[Python Crash]
        E2[gRPC Timeout]
        E3[Network Error]
        E4[Tool Exception]
    end
    
    subgraph "Detection"
        MON[Process Monitor]
        HC[Health Check]
        TO[Timeout Handler]
        EH[Error Handler]
    end
    
    subgraph "Recovery"
        RS[Restart Worker]
        RQ[Requeue Request]
        CB[Circuit Breaker]
        LOG[Error Logging]
    end
    
    E1 -->|:DOWN message| MON
    E2 -->|catch :exit| TO
    E3 -->|gRPC error| EH
    E4 -->|try/except| EH
    
    MON -->|Worker.Starter| RS
    HC -->|failed check| RS
    TO -->|Pool handler| RQ
    EH -->|grpc_error_handler| LOG
    
    RS -->|automatic| OK[Healthy Worker]
    RQ -->|retry logic| OK
    CB -->|threshold| FAIL[Mark Unavailable]
    
    style E1 fill:#ffcdd2
    style E2 fill:#ffcdd2
    style E3 fill:#ffcdd2
    style E4 fill:#ffcdd2
    style OK fill:#c8e6c9
The error handling diagram shows Snakepit's multi-layered approach to fault tolerance. Various detection mechanisms feed into recovery strategies, ensuring system resilience.
Architecture Principles Illustrated
These diagrams demonstrate key architectural principles that make Snakepit production-ready:
	Stateless Workers: Python processes hold no persistent state, enabling easy scaling
	Centralized State: All session data managed in Elixir SessionStore with ETS backing
	Fault Tolerance: Multi-level supervision with automatic recovery
	Performance: Non-blocking operations and concurrent execution throughout
	Type Safety: Structured variable system with validation and constraints
	Protocol Efficiency: Modern gRPC with protobuf for reliable communication

Rendering These Diagrams
To render these diagrams, use any tool that supports Mermaid syntax:
	GitHub/GitLab: Renders automatically in markdown
	Mermaid Live Editor: https://mermaid.live  
	VS Code: Install Mermaid extension
	Documentation Tools: MkDocs, Docusaurus, GitBook, etc.
	ExDoc: These diagrams are included in the generated documentation

The diagrams provide visual understanding of how Snakepit achieves its design goals of high performance, fault tolerance, and clean separation between Elixir orchestration and Python execution.
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    Binary Serialization Guide

Overview
The Snakepit bridge automatically uses binary serialization for large tensor and embedding data to improve performance. This guide explains how it works and how to use it effectively.
Automatic Binary Encoding
When variable data exceeds 10KB (10,240 bytes), the system automatically switches from JSON to binary encoding:
	Small data (<10KB): Uses JSON for readability and debugging
	Large data (>10KB): Uses binary for performance

Supported Types
Binary serialization is currently available for:
	tensor: Multi-dimensional arrays with shape information
	embedding: Vector representations (1D arrays)

Python Usage
Basic Example
from snakepit_bridge import SessionContext
import numpy as np

class MLAdapter:
    def process_large_data(self, ctx: SessionContext):
        # Create a large tensor (>10KB)
        large_tensor = np.random.randn(100, 100).tolist()  # ~80KB
        
        # This automatically uses binary serialization
        ctx.register_variable("my_tensor", "tensor", {
            "shape": [100, 100],
            "data": large_tensor
        })
        
        # Retrieval is transparent - handles binary automatically
        retrieved = ctx["my_tensor"]
        print(f"Shape: {retrieved['shape']}")
Performance Example
import time

def benchmark_serialization(ctx: SessionContext):
    # Small data - uses JSON
    small_data = list(range(100))  # ~800 bytes
    start = time.time()
    ctx.register_variable("small", "embedding", small_data)
    print(f"Small data: {time.time() - start:.3f}s")
    
    # Large data - uses binary
    large_data = list(range(10000))  # ~80KB
    start = time.time()
    ctx.register_variable("large", "embedding", large_data)
    print(f"Large data: {time.time() - start:.3f}s")
    # Typically 5-10x faster!
Technical Details
Serialization Format
	Python side: Uses pickle with highest protocol
	Elixir side: Uses Erlang Term Format (ETF)
	Wire format: Protocol Buffers with separate binary field

Threshold Calculation
The 10KB threshold is based on the estimated serialized size:
	For tensors: len(data) * 8 bytes (assuming float64)
	For embeddings: len(array) * 8 bytes

Binary Message Structure
When binary serialization is used:
	Metadata (in value field):
{
  "shape": [100, 100],
  "dtype": "float32",
  "binary_format": "pickle",
  "type": "tensor"
}

	Binary Data (in binary_value field):
	Pickled Python object containing the actual data



Best Practices
	Use Appropriate Types: Always use tensor or embedding types for numerical data
	Batch Large Operations: Group multiple large variables in batch updates
	Monitor Memory: Binary data is held in memory during transfer
	Profile Your Data: Check if your typical data sizes benefit from binary encoding

Limitations
	Type Support: Only tensor and embedding types use binary serialization
	Debugging: Binary data is not human-readable in logs
	Compatibility: Binary format is internal - use JSON for external APIs

Configuration
Currently, the 10KB threshold is not configurable. This value was chosen as optimal for most workloads:
	Keeps small data human-readable
	Maximizes performance for large data
	Minimizes overhead of format detection
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Snakepit - A generalized high-performance pooler and session manager.
Extracted from DSPex V3 pool implementation, Snakepit provides:
	Concurrent worker initialization and management
	Stateless pool system with session affinity 
	Generalized adapter pattern for any external process
	High-performance OTP-based process management

Basic Usage
# Configure in config/config.exs
config :snakepit,
  pooling_enabled: true,
  adapter_module: YourAdapter

# Execute commands on any available worker
{:ok, result} = Snakepit.execute("ping", %{test: true})

# Session-based execution with worker affinity
{:ok, result} = Snakepit.execute_in_session("my_session", "command", %{})
Domain-Specific Helpers
For ML/DSP workflows with program management, see Snakepit.SessionHelpers:
# ML program creation and execution
{:ok, result} = Snakepit.SessionHelpers.execute_program_command(
  "session_id", "create_program", %{signature: "input -> output"}
)

      


      
        Summary


  
    Functions
  


    
      
        execute(command, args, opts \\ [])

      


        Convenience function to execute commands on the pool.



    


    
      
        execute_in_session(session_id, command, args, opts \\ [])

      


        Executes a command in session context with worker affinity.



    


    
      
        execute_in_session_stream(session_id, command, args \\ %{}, callback_fn, opts \\ [])

      


        Executes a command in a session with a callback function.



    


    
      
        execute_stream(command, args \\ %{}, callback_fn, opts \\ [])

      


        Executes a streaming command with a callback function.



    


    
      
        get_stats(pool \\ Snakepit.Pool)

      


        Get pool statistics.



    


    
      
        list_workers(pool \\ Snakepit.Pool)

      


        List workers from the pool.



    


    
      
        run_as_script(fun, opts \\ [])

      


        Starts the Snakepit application, executes a given function,
and ensures graceful shutdown.



    





      


      
        Functions

        


    

  
    
      
    
    
      execute(command, args, opts \\ [])



    

  


  

Convenience function to execute commands on the pool.

  



    

  
    
      
    
    
      execute_in_session(session_id, command, args, opts \\ [])



    

  


  

Executes a command in session context with worker affinity.
This function executes commands with session-based worker affinity,
ensuring that subsequent calls with the same session_id prefer
the same worker when possible for state continuity.
Args are passed through unchanged - no domain-specific enhancement.
For ML/DSP program workflows, use Snakepit.SessionHelpers.execute_program_command/4.

  



    

    

  
    
      
    
    
      execute_in_session_stream(session_id, command, args \\ %{}, callback_fn, opts \\ [])



    

  


  

      

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


      


Executes a command in a session with a callback function.

  



    

    

  
    
      
    
    
      execute_stream(command, args \\ %{}, callback_fn, opts \\ [])



    

  


  

      

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


      


Executes a streaming command with a callback function.
Examples
Snakepit.execute_stream("batch_inference", %{items: [...]}, fn chunk ->
  IO.puts("Received: #{inspect(chunk)}")
end)
Options
	:pool - The pool to use (default: Snakepit.Pool)
	:timeout - Request timeout in ms (default: 300000)
	:session_id - Run in a specific session

Returns
Returns :ok on success or {:error, reason} on failure.
Note: Streaming is only supported with gRPC adapters.

  



    

  
    
      
    
    
      get_stats(pool \\ Snakepit.Pool)



    

  


  

Get pool statistics.

  



    

  
    
      
    
    
      list_workers(pool \\ Snakepit.Pool)



    

  


  

List workers from the pool.

  



    

  
    
      
    
    
      run_as_script(fun, opts \\ [])



    

  


  

      

          @spec run_as_script(
  (-> any()),
  keyword()
) :: any() | {:error, term()}


      


Starts the Snakepit application, executes a given function,
and ensures graceful shutdown.
This is the recommended way to use Snakepit for short-lived scripts or
Mix tasks to prevent orphaned processes.
It handles the full OTP application lifecycle (start, run, stop)
automatically.
Examples
# In a Mix task
Snakepit.run_as_script(fn ->
  {:ok, result} = Snakepit.execute("my_command", %{data: "value"})
  IO.inspect(result)
end)

# For demos or scripts
Snakepit.run_as_script(fn ->
  MyApp.run_load_test()
end)
Options
	:timeout - Maximum time to wait for pool initialization (default: 15000ms)

Returns
Returns the result of the provided function, or {:error, reason} if
the pool fails to initialize.

  


        

      


  

  
    
    Snakepit.Adapter - snakepit v0.4.1
    
    

    


  
  

    
Snakepit.Adapter behaviour
    



      
Behaviour for implementing adapters in Snakepit.
Adapters define how to communicate with external processes (Python, Node.js, etc.)
and what commands they support. This allows Snakepit to be truly generalized
and support multiple ML frameworks or external systems.
Required Callbacks
	executable_path/0 - Returns the path to the runtime executable (python3, node, etc.)
	script_path/0 - Returns the path to the external script to execute
	script_args/0 - Returns additional arguments for the script
	supported_commands/0 - Returns list of commands this adapter supports
	validate_command/2 - Validates a command and its arguments

Optional Callbacks
	process_response/2 - Post-process responses from the external process
	prepare_args/2 - Pre-process arguments before sending to external process

Example Implementation
defmodule MyApp.PythonMLAdapter do
  @behaviour Snakepit.Adapter

  def executable_path, do: System.find_executable("python3") || System.find_executable("python")
  def script_path, do: Path.join(:code.priv_dir(:my_app), "python/ml_bridge.py")
  def script_args, do: ["--mode", "pool-worker"]
  def supported_commands, do: ["predict", "train", "ping"]

  def validate_command("predict", args) do
    if Map.has_key?(args, :input), do: :ok, else: {:error, :missing_input}
  end
  def validate_command("ping", _args), do: :ok
  def validate_command(cmd, _), do: {:error, {:unsupported_command, cmd}}
end

      


      
        Summary


  
    Callbacks
  


    
      
        command_timeout(command, args)

      


        Optional callback to get a command-specific timeout in milliseconds.



    


    
      
        executable_path()

      


        Returns the path to the runtime executable.



    


    
      
        prepare_args(command, args)

      


        Optional callback to prepare arguments before sending to external process.



    


    
      
        process_response(command, response)

      


        Optional callback to process responses from the external process.



    


    
      
        script_args()

      


        Returns additional command-line arguments for the script.



    


    
      
        script_path()

      


        Returns the path to the external script that will be executed.



    


    
      
        supported_commands()

      


        Returns a list of commands that this adapter supports.



    


    
      
        validate_command(command, args)

      


        Validates that a command and its arguments are valid for this adapter.



    





  
    Functions
  


    
      
        default_command_timeout(command, args)

      


        Default implementation for command_timeout - returns 30 seconds.



    


    
      
        default_prepare_args(command, args)

      


        Default implementation for prepare_args - just returns args as-is.



    


    
      
        default_process_response(command, response)

      


        Default implementation for process_response - just returns the response as-is.



    





      


      
        Callbacks

        


  
    
      
    
    
      command_timeout(command, args)


        (optional)


    

  


  

      

          @callback command_timeout(command :: String.t(), args :: map()) :: pos_integer()


      


Optional callback to get a command-specific timeout in milliseconds.
This allows adapters to specify appropriate timeouts for different
commands based on their expected execution time.

  



  
    
      
    
    
      executable_path()



    

  


  

      

          @callback executable_path() :: String.t()


      


Returns the path to the runtime executable.
This is the interpreter or runtime that will execute the script.
Examples: "python3", "node", "ruby", "R", etc.

  



  
    
      
    
    
      prepare_args(command, args)


        (optional)


    

  


  

      

          @callback prepare_args(command :: String.t(), args :: map()) :: map()


      


Optional callback to prepare arguments before sending to external process.
This allows adapters to transform arguments into the format
expected by their external script.

  



  
    
      
    
    
      process_response(command, response)


        (optional)


    

  


  

      

          @callback process_response(command :: String.t(), response :: term()) ::
  {:ok, term()} | {:error, term()}


      


Optional callback to process responses from the external process.
This allows adapters to transform or validate responses before
they're returned to the caller.

  



  
    
      
    
    
      script_args()



    

  


  

      

          @callback script_args() :: [String.t()]


      


Returns additional command-line arguments for the script.
These arguments will be passed to the script when it's started.
Common examples: ["--mode", "pool-worker"], ["--config", "prod"]

  



  
    
      
    
    
      script_path()



    

  


  

      

          @callback script_path() :: String.t()


      


Returns the path to the external script that will be executed.
This should be an absolute path to a script that implements the
bridge protocol for communication with Snakepit.

  



  
    
      
    
    
      supported_commands()



    

  


  

      

          @callback supported_commands() :: [String.t()]


      


Returns a list of commands that this adapter supports.
This is used for validation and documentation purposes.

  



  
    
      
    
    
      validate_command(command, args)



    

  


  

      

          @callback validate_command(command :: String.t(), args :: map()) :: :ok | {:error, term()}


      


Validates that a command and its arguments are valid for this adapter.
Returns :ok if valid, {:error, reason} if invalid.

  


        

      

      
        Functions

        


  
    
      
    
    
      default_command_timeout(command, args)



    

  


  

Default implementation for command_timeout - returns 30 seconds.

  



  
    
      
    
    
      default_prepare_args(command, args)



    

  


  

Default implementation for prepare_args - just returns args as-is.

  



  
    
      
    
    
      default_process_response(command, response)



    

  


  

Default implementation for process_response - just returns the response as-is.

  


        

      


  

  
    
    Snakepit.Adapters.GRPCBridge - snakepit v0.4.1
    
    

    


  
  

    
Snakepit.Adapters.GRPCBridge 
    



      
Adapter for the new unified gRPC bridge server.

      


      
        Summary


  
    Functions
  


    
      
        get_env()

      


    


    
      
        get_name()

      


    


    
      
        get_port()

      


    


    
      
        grpc_enabled?()

      


    


    
      
        init_grpc_connection(port)

      


    


    
      
        session_enabled?()

      


    


    
      
        supports_health?()

      


    


    
      
        uses_grpc?()

      


    


    
      
        validate_config(config)

      


    





      


      
        Functions

        


  
    
      
    
    
      get_env()



    

  


  


  



  
    
      
    
    
      get_name()



    

  


  


  



  
    
      
    
    
      get_port()



    

  


  


  



  
    
      
    
    
      grpc_enabled?()



    

  


  


  



  
    
      
    
    
      init_grpc_connection(port)



    

  


  


  



  
    
      
    
    
      session_enabled?()



    

  


  


  



  
    
      
    
    
      supports_health?()



    

  


  


  



  
    
      
    
    
      uses_grpc?()



    

  


  


  



  
    
      
    
    
      validate_config(config)



    

  


  


  


        

      


  

  
    
    Snakepit.Adapters.GRPCPython - snakepit v0.4.1
    
    

    


  
  

    
Snakepit.Adapters.GRPCPython 
    



      
  gRPC-based Python adapter for Snakepit.
  This adapter replaces the stdin/stdout protocol with gRPC for better performance,
  streaming capabilities, and more robust communication.
  ## Configuration
  Application.put_env(:snakepit, :adapter_module, Snakepit.Adapters.GRPCPython)
Application.put_env(:snakepit, :grpc_config, %{
  base_port: 50051,
  port_range: 100  # Will use ports 50051-50151
})
Features
	Native streaming support for progressive results
	HTTP/2 multiplexing for concurrent requests
	Built-in health checks and monitoring
	Better error handling with gRPC status codes
	Binary data support without base64 encoding

Streaming Examples
# Stream ML inference results
Snakepit.execute_stream("batch_inference", %{
  batch_items: ["image1.jpg", "image2.jpg", "image3.jpg"]
}, fn chunk ->
  IO.puts("Processed: #{chunk["item"]} - #{chunk["confidence"]}")
end)

# Stream large dataset processing with progress
Snakepit.execute_stream("process_large_dataset", %{
  total_rows: 10000,
  chunk_size: 500
}, fn chunk ->
  IO.puts("Progress: #{chunk["progress_percent"]}%")
end)

      


      
        Summary


  
    Functions
  


    
      
        get_port()

      


        Get the gRPC port for this adapter instance.



    


    
      
        grpc_available?()

      


        Check if gRPC dependencies are available at runtime.



    


    
      
        grpc_execute(connection, command, args, timeout \\ 30000)

      


        Execute a command via gRPC.



    


    
      
        grpc_execute_stream(connection, command, args, callback_fn, timeout \\ 300_000)

      


        Execute a streaming command via gRPC with callback.



    


    
      
        init_grpc_connection(port)

      


        Initialize gRPC connection for the worker.
Called by GRPCWorker during initialization.



    


    
      
        uses_grpc?()

      


        Check if this adapter uses gRPC.
Returns true only if gRPC dependencies are actually available.



    





      


      
        Functions

        


  
    
      
    
    
      get_port()



    

  


  

Get the gRPC port for this adapter instance.
Ports are allocated from a configurable range to avoid conflicts
when running multiple workers.

  



  
    
      
    
    
      grpc_available?()



    

  


  

Check if gRPC dependencies are available at runtime.

  



    

  
    
      
    
    
      grpc_execute(connection, command, args, timeout \\ 30000)



    

  


  

Execute a command via gRPC.

  



    

  
    
      
    
    
      grpc_execute_stream(connection, command, args, callback_fn, timeout \\ 300_000)



    

  


  

Execute a streaming command via gRPC with callback.

  



  
    
      
    
    
      init_grpc_connection(port)



    

  


  

Initialize gRPC connection for the worker.
Called by GRPCWorker during initialization.

  



  
    
      
    
    
      uses_grpc?()



    

  


  

Check if this adapter uses gRPC.
Returns true only if gRPC dependencies are actually available.

  


        

      


  

  
    
    Snakepit.Application - snakepit v0.4.1
    
    

    


  
  

    
Snakepit.Application 
    



      
Application supervisor for Snakepit pooler.
Starts the core infrastructure:
	Registry for worker process registration
	StarterRegistry for worker starter supervisors
	ProcessRegistry for external PID tracking
	SessionStore for session management
	WorkerSupervisor for managing worker processes
	Pool manager for request distribution


      




  

  
    
    Snakepit.Bridge.InternalToolSpec - snakepit v0.4.1
    
    

    


  
  

    
Snakepit.Bridge.InternalToolSpec 
    



      
Internal specification for a tool in the registry.
Separate from the protobuf ToolSpec to avoid conflicts.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types

        


  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %Snakepit.Bridge.InternalToolSpec{
  description: String.t(),
  exposed_to_python: boolean(),
  handler: (any() -> any()) | nil,
  metadata: map(),
  name: String.t(),
  parameters: [map()],
  type: :local | :remote,
  worker_id: String.t() | nil
}


      



  


        

      


  

  
    
    Snakepit.Bridge.Serialization - snakepit v0.4.1
    
    

    


  
  

    
Snakepit.Bridge.Serialization 
    



      
Centralized serialization for the bridge protocol.
This module handles the serialization/deserialization of values to/from
the protobuf Any type used in the gRPC protocol. It ensures compatibility
between Elixir and Python sides of the bridge.
Binary Serialization
For large data (tensors, embeddings), this module can use binary serialization
instead of JSON when the data exceeds a size threshold. This significantly
improves performance for numerical arrays.

      


      
        Summary


  
    Functions
  


    
      
        decode_any(any, binary_data \\ nil)

      


        Decode a protobuf Any to a typed value with optional binary data.



    


    
      
        encode_any(value, type)

      


        Encode a value to protobuf Any format with optional binary serialization.



    


    
      
        parse_constraints(json_string)

      


        Parse constraints JSON string into a map.



    


    
      
        validate_constraints(value, type, constraints)

      


        Validate a value against type constraints.



    





      


      
        Functions

        


    

  
    
      
    
    
      decode_any(any, binary_data \\ nil)



    

  


  

Decode a protobuf Any to a typed value with optional binary data.
Handles both JSON-encoded values and binary-encoded large data.

  



  
    
      
    
    
      encode_any(value, type)



    

  


  

Encode a value to protobuf Any format with optional binary serialization.
Returns a tuple {:ok, any_map, binary_data} where:
	any_map: map with :type_url and :value for protobuf Any
	binary_data: optional binary data if value exceeds threshold

For large tensor/embedding data, returns minimal JSON metadata in Any
and the actual data as binary.

  



  
    
      
    
    
      parse_constraints(json_string)



    

  


  

Parse constraints JSON string into a map.

  



  
    
      
    
    
      validate_constraints(value, type, constraints)



    

  


  

Validate a value against type constraints.
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Snakepit.Bridge.Session 
    



      
Session data structure for centralized session management.
Extended in Stage 1 to support variables alongside programs.
Variables are stored by ID with a name index for fast lookups.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        delete_program(session, program_id)

      


        Removes a program from the session.



    


    
      
        delete_variable(session, identifier)

      


        Removes a variable from the session.



    


    
      
        expired?(session, current_time \\ nil)

      


        Checks if a session has expired based on its TTL.



    


    
      
        get_metadata(session, key, default \\ nil)

      


        Gets metadata from the session.



    


    
      
        get_program(session, program_id)

      


        Gets a program from the session.



    


    
      
        get_stats(session)

      


        Gets session statistics.



    


    
      
        get_variable(session, identifier)

      


        Gets a variable by ID or name.



    


    
      
        has_variable?(session, identifier)

      


        Checks if a variable exists by name or ID.



    


    
      
        list_variables(session)

      


        Lists all variables in the session.



    


    
      
        list_variables(session, pattern)

      


        Lists variables matching a pattern.



    


    
      
        new(id, opts \\ [])

      


        Creates a new session with the given ID and options.



    


    
      
        put_metadata(session, key, value)

      


        Updates session metadata.



    


    
      
        put_program(session, program_id, program_data)

      


        Adds or updates a program in the session.



    


    
      
        put_variable(session, var_id, variable)

      


        Adds or updates a variable in the session.



    


    
      
        touch(session)

      


        Updates the last_accessed timestamp to the current time.



    


    
      
        validate(session)

      


        Validates that a session struct has all required fields and valid data.



    


    
      
        variable_names(session)

      


        Gets all variable names in the session.



    





      


      
        Types

        


  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %Snakepit.Bridge.Session{
  created_at: integer(),
  id: String.t(),
  last_accessed: integer(),
  last_worker_id: String.t() | nil,
  metadata: map(),
  programs: map(),
  stats: map(),
  ttl: integer(),
  variable_index: %{required(String.t()) => String.t()},
  variables: %{required(String.t()) => Snakepit.Bridge.Variables.Variable.t()}
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      delete_program(session, program_id)



    

  


  

      

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


      


Removes a program from the session.
Parameters
	session - The session to update
	program_id - The program identifier to remove

Returns
Updated session with the program removed.

  



  
    
      
    
    
      delete_variable(session, identifier)



    

  


  

      

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


      


Removes a variable from the session.

  



    

  
    
      
    
    
      expired?(session, current_time \\ nil)



    

  


  

      

          @spec expired?(t(), integer() | nil) :: boolean()


      


Checks if a session has expired based on its TTL.
Parameters
	session - The session to check
	current_time - Optional current time (defaults to current monotonic time)

Returns
true if the session has expired, false otherwise.

  



    

  
    
      
    
    
      get_metadata(session, key, default \\ nil)



    

  


  

      

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


      


Gets metadata from the session.
Parameters
	session - The session to query
	key - The metadata key
	default - Default value if key not found

Returns
The metadata value or the default.

  



  
    
      
    
    
      get_program(session, program_id)



    

  


  

      

          @spec get_program(t(), String.t()) :: {:ok, term()} | {:error, :not_found}


      


Gets a program from the session.
Parameters
	session - The session to query
	program_id - The program identifier

Returns
{:ok, program_data} if found, {:error, :not_found} if not found.

  



  
    
      
    
    
      get_stats(session)



    

  


  

      

          @spec get_stats(t()) :: map()


      


Gets session statistics.

  



  
    
      
    
    
      get_variable(session, identifier)



    

  


  

      

          @spec get_variable(t(), String.t() | atom()) ::
  {:ok, Snakepit.Bridge.Variables.Variable.t()} | {:error, :not_found}


      


Gets a variable by ID or name.
Supports both atom and string identifiers. Names are resolved
through the variable index for O(1) lookup.

  



  
    
      
    
    
      has_variable?(session, identifier)



    

  


  

      

          @spec has_variable?(t(), String.t() | atom()) :: boolean()


      


Checks if a variable exists by name or ID.

  



  
    
      
    
    
      list_variables(session)



    

  


  

      

          @spec list_variables(t()) :: [Snakepit.Bridge.Variables.Variable.t()]


      


Lists all variables in the session.
Returns them sorted by creation time (oldest first).

  



  
    
      
    
    
      list_variables(session, pattern)



    

  


  

      

          @spec list_variables(t(), String.t()) :: [Snakepit.Bridge.Variables.Variable.t()]


      


Lists variables matching a pattern.
Supports wildcards: "temp_*" matches "temp_1", "temp_2", etc.

  



    

  
    
      
    
    
      new(id, opts \\ [])



    

  


  

      

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


      


Creates a new session with the given ID and options.

  



  
    
      
    
    
      put_metadata(session, key, value)



    

  


  

      

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


      


Updates session metadata.
Parameters
	session - The session to update
	key - The metadata key
	value - The metadata value

Returns
Updated session with the metadata updated.

  



  
    
      
    
    
      put_program(session, program_id, program_data)



    

  


  

      

          @spec put_program(t(), String.t(), term()) :: t()


      


Adds or updates a program in the session.
Parameters
	session - The session to update
	program_id - The program identifier
	program_data - The program data to store

Returns
Updated session with the program added/updated.

  



  
    
      
    
    
      put_variable(session, var_id, variable)



    

  


  

      

          @spec put_variable(t(), String.t(), Snakepit.Bridge.Variables.Variable.t()) :: t()


      


Adds or updates a variable in the session.
Updates both the variables map and the name index.
Also updates session statistics.

  



  
    
      
    
    
      touch(session)



    

  


  

      

          @spec touch(t()) :: t()


      


Updates the last_accessed timestamp to the current time.
Parameters
	session - The session to touch

Returns
Updated session with current last_accessed timestamp.

  



  
    
      
    
    
      validate(session)



    

  


  

      

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


      


Validates that a session struct has all required fields and valid data.
Parameters
	session - The session to validate

Returns
:ok if valid, {:error, reason} if invalid.

  



  
    
      
    
    
      variable_names(session)



    

  


  

      

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


      


Gets all variable names in the session.
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Snakepit.Bridge.SessionStore 
    



      
Centralized session store using ETS for high-performance session management.
This GenServer manages a centralized ETS table for storing session data,
providing CRUD operations, TTL-based expiration, and automatic cleanup.
The store is designed for high concurrency with optimized ETS settings.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        cleanup_expired_sessions()

      


        Manually triggers cleanup of expired sessions.



    


    
      
        cleanup_expired_sessions(server)

      


    


    
      
        create_session(session_id, opts \\ [])

      


        Creates a new session with the given ID and options.



    


    
      
        create_session(server, session_id, opts)

      


    


    
      
        delete_global_program(program_id)

      


        Deletes a globally stored program.



    


    
      
        delete_global_program(server, program_id)

      


    


    
      
        delete_session(session_id)

      


        Deletes a session by ID.



    


    
      
        delete_session(server, session_id)

      


    


    
      
        delete_variable(session_id, identifier)

      


        Deletes a variable from the session.



    


    
      
        export_variables(session_id)

      


        Exports all variables from a session.



    


    
      
        get_global_program(program_id)

      


        Retrieves a globally stored program.



    


    
      
        get_global_program(server, program_id)

      


    


    
      
        get_program(session_id, program_id)

      


        Gets a program from a session.



    


    
      
        get_session(session_id)

      


        Gets a session by ID, automatically updating the last_accessed timestamp.



    


    
      
        get_session(server, session_id)

      


    


    
      
        get_stats()

      


        Gets statistics about the session store.



    


    
      
        get_stats(server)

      


    


    
      
        get_variable(session_id, identifier)

      


        Gets a variable by ID or name.



    


    
      
        get_variable_value(session_id, identifier, default \\ nil)

      


        Gets a variable's current value directly.



    


    
      
        get_variables(session_id, identifiers)

      


        Gets multiple variables efficiently.



    


    
      
        has_variable?(session_id, identifier)

      


        Checks if a variable exists.



    


    
      
        import_variables(session_id, variable_maps)

      


        Imports variables into a session.



    


    
      
        list_sessions()

      


        Lists all active session IDs.



    


    
      
        list_sessions(server)

      


    


    
      
        list_variables(session_id)

      


        Lists all variables in a session.



    


    
      
        list_variables(session_id, pattern)

      


        Lists variables matching a pattern.



    


    
      
        register_variable(session_id, name, type, initial_value, opts \\ [])

      


        Registers a new variable in a session.



    


    
      
        session_exists?(session_id)

      


        Checks if a session exists.



    


    
      
        session_exists?(server, session_id)

      


    


    
      
        start_link(opts \\ [])

      


        Starts the SessionStore GenServer.



    


    
      
        store_global_program(program_id, program_data)

      


        Stores a program globally, accessible to any worker.



    


    
      
        store_global_program(server, program_id, program_data)

      


    


    
      
        store_program(session_id, program_id, program_data)

      


        Stores a program in a session.



    


    
      
        store_worker_session(session_id, worker_id)

      


        Stores worker-session affinity mapping.



    


    
      
        update_program(session_id, program_id, program_data)

      


        Updates a program in a session.



    


    
      
        update_session(session_id, update_fn)

      


        Updates a session using the provided update function.



    


    
      
        update_session(server, session_id, update_fn)

      


    


    
      
        update_variable(session_id, identifier, new_value, metadata \\ %{})

      


        Updates a variable's value with validation.



    


    
      
        update_variables(session_id, updates, opts \\ [])

      


        Updates multiple variables.



    





      


      
        Functions

        


  
    
      
    
    
      child_spec(init_arg)



    

  


  

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

  



  
    
      
    
    
      cleanup_expired_sessions()



    

  


  

      

          @spec cleanup_expired_sessions() :: non_neg_integer()


      


Manually triggers cleanup of expired sessions.
Returns
The number of sessions that were cleaned up.

  



  
    
      
    
    
      cleanup_expired_sessions(server)



    

  


  

      

          @spec cleanup_expired_sessions(GenServer.server()) :: non_neg_integer()


      



  



    

  
    
      
    
    
      create_session(session_id, opts \\ [])



    

  


  

      

          @spec create_session(
  String.t(),
  keyword()
) :: {:ok, Snakepit.Bridge.Session.t()} | {:error, term()}


      


Creates a new session with the given ID and options.
Parameters
	session_id - Unique session identifier
	opts - Keyword list of options passed to Session.new/2

Returns
{:ok, session} if successful, {:error, reason} if failed.
Examples
{:ok, session} = SessionStore.create_session("session_123")
{:ok, session} = SessionStore.create_session("session_456", ttl: 7200)

  



  
    
      
    
    
      create_session(server, session_id, opts)



    

  


  

      

          @spec create_session(GenServer.server(), String.t(), keyword()) ::
  {:ok, Snakepit.Bridge.Session.t()} | {:error, term()}


      



  



  
    
      
    
    
      delete_global_program(program_id)



    

  


  

      

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


      


Deletes a globally stored program.
Parameters
	program_id - The program identifier

Returns
:ok always (idempotent operation).

  



  
    
      
    
    
      delete_global_program(server, program_id)



    

  


  

      

          @spec delete_global_program(GenServer.server(), String.t()) :: :ok


      



  



  
    
      
    
    
      delete_session(session_id)



    

  


  

      

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


      


Deletes a session by ID.
Parameters
	session_id - The session identifier

Returns
:ok always (idempotent operation).

  



  
    
      
    
    
      delete_session(server, session_id)



    

  


  

      

          @spec delete_session(GenServer.server(), String.t()) :: :ok


      



  



  
    
      
    
    
      delete_variable(session_id, identifier)



    

  


  

      

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


      


Deletes a variable from the session.

  



  
    
      
    
    
      export_variables(session_id)



    

  


  

      

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


      


Exports all variables from a session.
Used for session migration in Stage 4.

  



  
    
      
    
    
      get_global_program(program_id)



    

  


  

      

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


      


Retrieves a globally stored program.
Parameters
	program_id - The program identifier

Returns
{:ok, program_data} if found, {:error, :not_found} if not found.

  



  
    
      
    
    
      get_global_program(server, program_id)



    

  


  

      

          @spec get_global_program(GenServer.server(), String.t()) ::
  {:ok, map()} | {:error, :not_found}


      



  



  
    
      
    
    
      get_program(session_id, program_id)



    

  


  

      

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


      


Gets a program from a session.

  



  
    
      
    
    
      get_session(session_id)



    

  


  

      

          @spec get_session(String.t()) ::
  {:ok, Snakepit.Bridge.Session.t()} | {:error, :not_found}


      


Gets a session by ID, automatically updating the last_accessed timestamp.
Parameters
	session_id - The session identifier

Returns
{:ok, session} if found, {:error, :not_found} if not found.

  



  
    
      
    
    
      get_session(server, session_id)



    

  


  

      

          @spec get_session(GenServer.server(), String.t()) ::
  {:ok, Snakepit.Bridge.Session.t()} | {:error, :not_found}


      



  



  
    
      
    
    
      get_stats()



    

  


  

      

          @spec get_stats() :: map()


      


Gets statistics about the session store.
Returns
A map containing various statistics about the session store.

  



  
    
      
    
    
      get_stats(server)



    

  


  

      

          @spec get_stats(GenServer.server()) :: map()


      



  



  
    
      
    
    
      get_variable(session_id, identifier)



    

  


  

      

          @spec get_variable(String.t(), String.t() | atom()) ::
  {:ok, Snakepit.Bridge.Variables.Variable.t()} | {:error, term()}


      


Gets a variable by ID or name.
Supports both string and atom identifiers. Names are resolved
through the session's variable index.

  



    

  
    
      
    
    
      get_variable_value(session_id, identifier, default \\ nil)



    

  


  

      

          @spec get_variable_value(String.t(), String.t() | atom(), any()) :: any()


      


Gets a variable's current value directly.
Convenience function that returns just the value.

  



  
    
      
    
    
      get_variables(session_id, identifiers)



    

  


  

      

          @spec get_variables(String.t(), [String.t() | atom()]) ::
  {:ok, %{found: map(), missing: [String.t()]}} | {:error, term()}


      


Gets multiple variables efficiently.
Returns a map of identifier => variable for found variables
and a list of missing identifiers.

  



  
    
      
    
    
      has_variable?(session_id, identifier)



    

  


  

      

          @spec has_variable?(String.t(), String.t() | atom()) :: boolean()


      


Checks if a variable exists.

  



  
    
      
    
    
      import_variables(session_id, variable_maps)



    

  


  

      

          @spec import_variables(String.t(), [map()]) :: {:ok, integer()} | {:error, term()}


      


Imports variables into a session.
Used for session restoration in Stage 4.

  



  
    
      
    
    
      list_sessions()



    

  


  

      

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


      


Lists all active session IDs.
Returns
A list of all active session IDs.

  



  
    
      
    
    
      list_sessions(server)



    

  


  

      

          @spec list_sessions(GenServer.server()) :: [String.t()]


      



  



  
    
      
    
    
      list_variables(session_id)



    

  


  

      

          @spec list_variables(String.t()) ::
  {:ok, [Snakepit.Bridge.Variables.Variable.t()]} | {:error, term()}


      


Lists all variables in a session.
Returns variables sorted by creation time (oldest first).

  



  
    
      
    
    
      list_variables(session_id, pattern)



    

  


  

      

          @spec list_variables(String.t(), String.t()) ::
  {:ok, [Snakepit.Bridge.Variables.Variable.t()]} | {:error, term()}


      


Lists variables matching a pattern.
Supports wildcards: "temp_*" matches "temp_1", "temp_2", etc.

  



    

  
    
      
    
    
      register_variable(session_id, name, type, initial_value, opts \\ [])



    

  


  

      

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


      


Registers a new variable in a session.
Options
	:constraints - Type-specific constraints
	:metadata - Additional metadata
	:description - Human-readable description

Examples
iex> SessionStore.register_variable("session_1", :temperature, :float, 0.7,
...>   constraints: %{min: 0.0, max: 2.0},
...>   description: "LLM generation temperature"
...> )
{:ok, "var_temperature_1234567"}

  



  
    
      
    
    
      session_exists?(session_id)



    

  


  

      

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


      


Checks if a session exists.
Parameters
	session_id - The session identifier

Returns
true if the session exists, false otherwise.

  



  
    
      
    
    
      session_exists?(server, session_id)



    

  


  

      

          @spec session_exists?(GenServer.server(), String.t()) :: boolean()


      



  



    

  
    
      
    
    
      start_link(opts \\ [])



    

  


  

      

          @spec start_link(keyword()) :: GenServer.on_start()


      


Starts the SessionStore GenServer.
Options
	:name - The name to register the GenServer (default: MODULE)
	:table_name - The ETS table name (default: :snakepit_sessions)
	:cleanup_interval - Cleanup interval in milliseconds (default: 60_000)
	:default_ttl - Default TTL for sessions in seconds (default: 3600)


  



  
    
      
    
    
      store_global_program(program_id, program_data)



    

  


  

      

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


      


Stores a program globally, accessible to any worker.
This is used for anonymous operations where programs need to be
accessible across different pool workers.
Parameters
	program_id - Unique program identifier
	program_data - Program data to store

Returns
:ok if successful, {:error, reason} if failed.

  



  
    
      
    
    
      store_global_program(server, program_id, program_data)



    

  


  

      

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


      



  



  
    
      
    
    
      store_program(session_id, program_id, program_data)



    

  


  

      

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


      


Stores a program in a session.

  



  
    
      
    
    
      store_worker_session(session_id, worker_id)



    

  


  

      

          @spec store_worker_session(String.t(), String.t()) :: :ok


      


Stores worker-session affinity mapping.

  



  
    
      
    
    
      update_program(session_id, program_id, program_data)



    

  


  

      

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


      


Updates a program in a session.

  



  
    
      
    
    
      update_session(session_id, update_fn)



    

  


  

      

          @spec update_session(String.t(), (Snakepit.Bridge.Session.t() ->
                              Snakepit.Bridge.Session.t())) ::
  {:ok, Snakepit.Bridge.Session.t()} | {:error, term()}


      


Updates a session using the provided update function.
The update function receives the current session and should return
the updated session. The operation is atomic.
Parameters
	session_id - The session identifier
	update_fn - Function that takes a session and returns an updated session

Returns
{:ok, updated_session} if successful, {:error, reason} if failed.
Examples
{:ok, session} = SessionStore.update_session("session_123", fn session ->
  Session.put_program(session, "prog_1", %{data: "example"})
end)

  



  
    
      
    
    
      update_session(server, session_id, update_fn)



    

  


  

      

          @spec update_session(GenServer.server(), String.t(), (Snakepit.Bridge.Session.t() ->
                                                  Snakepit.Bridge.Session.t())) ::
  {:ok, Snakepit.Bridge.Session.t()} | {:error, term()}


      



  



    

  
    
      
    
    
      update_variable(session_id, identifier, new_value, metadata \\ %{})



    

  


  

      

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


      


Updates a variable's value with validation.
The variable's type constraints are enforced and version
is automatically incremented.

  



    

  
    
      
    
    
      update_variables(session_id, updates, opts \\ [])



    

  


  

      

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


      


Updates multiple variables.
Options
	:atomic - If true, all updates must succeed or none are applied
	:metadata - Metadata to apply to all updates

Returns a map of identifier => :ok | {:error, reason}

  


        

      


  

  
    
    Snakepit.Bridge.ToolRegistry - snakepit v0.4.1
    
    

    


  
  

    
Snakepit.Bridge.ToolRegistry 
    



      
Registry for managing tool metadata and execution.
Maintains a registry of both local (Elixir) and remote (Python) tools,
handles tool discovery, registration, and provides execution dispatch.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        cleanup_session(session_id)

      


        Removes all tools for a session (cleanup).



    


    
      
        execute_local_tool(session_id, tool_name, params)

      


        Executes a local Elixir tool.



    


    
      
        get_tool(session_id, tool_name)

      


        Gets a specific tool by name.



    


    
      
        list_exposed_elixir_tools(session_id)

      


        Lists only Elixir tools exposed to Python for a session.



    


    
      
        list_tools(session_id)

      


        Lists all tools available for a session.



    


    
      
        register_elixir_tool(session_id, tool_name, handler, metadata \\ %{})

      


        Registers a local Elixir tool.



    


    
      
        register_python_tool(session_id, tool_name, worker_id, metadata \\ %{})

      


        Registers a remote Python tool.



    


    
      
        register_tools(session_id, tool_specs)

      


        Registers multiple tools at once (used by Python workers on startup).



    


    
      
        start_link(opts \\ [])

      


        Starts the ToolRegistry GenServer.



    





      


      
        Functions

        


  
    
      
    
    
      child_spec(init_arg)



    

  


  

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

  



  
    
      
    
    
      cleanup_session(session_id)



    

  


  

Removes all tools for a session (cleanup).

  



  
    
      
    
    
      execute_local_tool(session_id, tool_name, params)



    

  


  

Executes a local Elixir tool.

  



  
    
      
    
    
      get_tool(session_id, tool_name)



    

  


  

Gets a specific tool by name.

  



  
    
      
    
    
      list_exposed_elixir_tools(session_id)



    

  


  

Lists only Elixir tools exposed to Python for a session.

  



  
    
      
    
    
      list_tools(session_id)



    

  


  

Lists all tools available for a session.

  



    

  
    
      
    
    
      register_elixir_tool(session_id, tool_name, handler, metadata \\ %{})



    

  


  

Registers a local Elixir tool.

  



    

  
    
      
    
    
      register_python_tool(session_id, tool_name, worker_id, metadata \\ %{})



    

  


  

Registers a remote Python tool.

  



  
    
      
    
    
      register_tools(session_id, tool_specs)



    

  


  

Registers multiple tools at once (used by Python workers on startup).

  



    

  
    
      
    
    
      start_link(opts \\ [])



    

  


  

Starts the ToolRegistry GenServer.

  


        

      


  

  
    
    Snakepit.Bridge.Variables - snakepit v0.4.1
    
    

    


  
  

    
Snakepit.Bridge.Variables 
    



      
Main entry point for variable-related functionality.
This module provides convenience functions and acts as the
public API for variable operations.

      


      
        Summary


  
    Functions
  


    
      
        create_variable(attrs)

      


        Creates a properly typed variable.



    


    
      
        supported_types()

      


        Lists all supported variable types.



    


    
      
        validate(value, type, constraints \\ %{})

      


        Validates a value against a type and constraints.



    





      


      
        Functions

        


  
    
      
    
    
      create_variable(attrs)



    

  


  

      

          @spec create_variable(map()) ::
  {:ok, Snakepit.Bridge.Variables.Variable.t()} | {:error, term()}


      


Creates a properly typed variable.

  



  
    
      
    
    
      supported_types()



    

  


  

      

          @spec supported_types() :: [atom()]


      


Lists all supported variable types.

  



    

  
    
      
    
    
      validate(value, type, constraints \\ %{})



    

  


  

      

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


      


Validates a value against a type and constraints.

  


        

      


  

  
    
    Snakepit.Bridge.Variables.Types - snakepit v0.4.1
    
    

    


  
  

    
Snakepit.Bridge.Variables.Types 
    



      
Type system for bridge variables with serialization support.
Provides a behaviour for implementing variable types and
a registry for looking up type implementations.

      


      
        Summary


  
    Types
  


    
      
        var_type()

      


    





  
    Functions
  


    
      
        get_type_module(type)

      


        Get the type module for a given type atom.



    


    
      
        infer_type(value)

      


        Infers the type of a value based on its Elixir type.



    


    
      
        list_types()

      


        Lists all supported variable types.



    


    
      
        valid?(value, type, constraints \\ %{})

      


        Checks if a value would be valid for a type without modifying it.



    


    
      
        validate_value(value, type, constraints \\ %{})

      


        Validates a value against a type.



    





      


      
        Types

        


  
    
      
    
    
      var_type()



    

  


  

      

          @type var_type() ::
  :float
  | :integer
  | :string
  | :boolean
  | :choice
  | :module
  | :embedding
  | :tensor


      



  


        

      

      
        Functions

        


  
    
      
    
    
      get_type_module(type)



    

  


  

Get the type module for a given type atom.

  



  
    
      
    
    
      infer_type(value)



    

  


  

      

          @spec infer_type(any()) :: var_type()


      


Infers the type of a value based on its Elixir type.

  



  
    
      
    
    
      list_types()



    

  


  

Lists all supported variable types.

  



    

  
    
      
    
    
      valid?(value, type, constraints \\ %{})



    

  


  

      

          @spec valid?(any(), atom(), map()) :: boolean()


      


Checks if a value would be valid for a type without modifying it.

  



    

  
    
      
    
    
      validate_value(value, type, constraints \\ %{})



    

  


  

      

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


      


Validates a value against a type.

  


        

      


  

  
    
    Snakepit.Bridge.Variables.Types.Behaviour - snakepit v0.4.1
    
    

    


  
  

    
Snakepit.Bridge.Variables.Types.Behaviour behaviour
    



      
Common behaviour for all types.

      


      
        Summary


  
    Callbacks
  


    
      
        deserialize(json)

      


    


    
      
        serialize(value)

      


    


    
      
        validate(value)

      


    


    
      
        validate_constraints(value, constraints)

      


    





      


      
        Callbacks

        


  
    
      
    
    
      deserialize(json)



    

  


  

      

          @callback deserialize(json :: String.t()) ::
  {:ok, value :: any()} | {:error, reason :: String.t()}


      



  



  
    
      
    
    
      serialize(value)



    

  


  

      

          @callback serialize(value :: any()) ::
  {:ok, json :: String.t()} | {:error, reason :: String.t()}


      



  



  
    
      
    
    
      validate(value)



    

  


  

      

          @callback validate(value :: any()) ::
  {:ok, normalized :: any()} | {:error, reason :: String.t()}


      



  



  
    
      
    
    
      validate_constraints(value, constraints)



    

  


  

      

          @callback validate_constraints(value :: any(), constraints :: map()) ::
  :ok | {:error, reason :: String.t()}


      



  


        

      


  

  
    
    Snakepit.Bridge.Variables.Types.Boolean - snakepit v0.4.1
    
    

    


  
  

    
Snakepit.Bridge.Variables.Types.Boolean 
    



      
Boolean type implementation for variables.
The simplest type - just true or false with no constraints.

      




  

  
    
    Snakepit.Bridge.Variables.Types.Choice - snakepit v0.4.1
    
    

    


  
  

    
Snakepit.Bridge.Variables.Types.Choice 
    






  

  
    
    Snakepit.Bridge.Variables.Types.Embedding - snakepit v0.4.1
    
    

    


  
  

    
Snakepit.Bridge.Variables.Types.Embedding 
    






  

  
    
    Snakepit.Bridge.Variables.Types.Float - snakepit v0.4.1
    
    

    


  
  

    
Snakepit.Bridge.Variables.Types.Float 
    



      
Float type implementation for variables.
Supports:
	Automatic integer to float conversion
	Min/max constraints
	Special values (infinity, NaN) for Python compatibility


      




  

  
    
    Snakepit.Bridge.Variables.Types.Integer - snakepit v0.4.1
    
    

    


  
  

    
Snakepit.Bridge.Variables.Types.Integer 
    



      
Integer type implementation for variables.
Supports:
	Strict integer validation (no float coercion)
	Min/max constraints  
	Large integer support


      




  

  
    
    Snakepit.Bridge.Variables.Types.Module - snakepit v0.4.1
    
    

    


  
  

    
Snakepit.Bridge.Variables.Types.Module 
    






  

  
    
    Snakepit.Bridge.Variables.Types.String - snakepit v0.4.1
    
    

    


  
  

    
Snakepit.Bridge.Variables.Types.String 
    



      
String type implementation for variables.
Supports:
	Automatic atom to string conversion
	Length constraints (min_length, max_length)
	Pattern matching with regex
	Enumeration constraint (allowed values)


      




  

  
    
    Snakepit.Bridge.Variables.Types.Tensor - snakepit v0.4.1
    
    

    


  
  

    
Snakepit.Bridge.Variables.Types.Tensor 
    






  

  
    
    Snakepit.Bridge.Variables.Variable - snakepit v0.4.1
    
    

    


  
  

    
Snakepit.Bridge.Variables.Variable 
    



      
Variable struct and related functions.
Variables are typed, versioned values that can be synchronized
between Elixir and Python processes. They form the core of the
DSPex state management system.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        age(variable)

      


        Gets the age of the variable in seconds.



    


    
      
        end_optimization(variable)

      


        Clears optimization status.



    


    
      
        new(attrs)

      


        Creates a new variable with validation.



    


    
      
        optimizing?(variable)

      


        Checks if a variable is currently being optimized.



    


    
      
        start_optimization(variable, optimizer_id, optimizer_pid)

      


        Marks a variable as being optimized.



    


    
      
        time_since_update(variable)

      


        Gets time since last update in seconds.



    


    
      
        to_export_map(variable)

      


        Converts variable to a map for export, excluding internal fields.
This is useful for serialization to external systems.



    


    
      
        to_map(variable)

      


        Converts variable to a map suitable for JSON encoding.



    


    
      
        update_value(variable, new_value, opts \\ [])

      


        Updates a variable's value and increments version.



    





      


      
        Types

        


  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %Snakepit.Bridge.Variables.Variable{
  access_rules: list(),
  constraints: map(),
  created_at: integer(),
  id: String.t(),
  last_updated_at: integer(),
  metadata: map(),
  name: String.t() | atom(),
  optimization_status: map(),
  type: atom(),
  value: any(),
  version: integer()
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      age(variable)



    

  


  

      

          @spec age(t()) :: integer()


      


Gets the age of the variable in seconds.

  



  
    
      
    
    
      end_optimization(variable)



    

  


  

      

          @spec end_optimization(t()) :: t()


      


Clears optimization status.

  



  
    
      
    
    
      new(attrs)



    

  


  

Creates a new variable with validation.
Examples
iex> Variable.new(%{
...>   id: "var_temp_123",
...>   name: :temperature,
...>   type: :float,
...>   value: 0.7,
...>   created_at: System.monotonic_time(:second)
...> })
%Variable{...}

  



  
    
      
    
    
      optimizing?(variable)



    

  


  

      

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


      


Checks if a variable is currently being optimized.

  



  
    
      
    
    
      start_optimization(variable, optimizer_id, optimizer_pid)



    

  


  

      

          @spec start_optimization(t(), String.t(), pid()) :: t()


      


Marks a variable as being optimized.

  



  
    
      
    
    
      time_since_update(variable)



    

  


  

      

          @spec time_since_update(t()) :: integer()


      


Gets time since last update in seconds.

  



  
    
      
    
    
      to_export_map(variable)



    

  


  

      

          @spec to_export_map(t()) :: map()


      


Converts variable to a map for export, excluding internal fields.
This is useful for serialization to external systems.

  



  
    
      
    
    
      to_map(variable)



    

  


  

      

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


      


Converts variable to a map suitable for JSON encoding.

  



    

  
    
      
    
    
      update_value(variable, new_value, opts \\ [])



    

  


  

      

          @spec update_value(t(), any(), keyword()) :: t()


      


Updates a variable's value and increments version.
Options
	:metadata - Additional metadata to merge
	:source - Source of the update (defaults to :elixir)


  


        

      


  

  
    
    Snakepit.GRPC.BridgeServer - snakepit v0.4.1
    
    

    


  
  

    
Snakepit.GRPC.BridgeServer 
    



      
gRPC server implementation for the Snakepit Bridge service.
Handles variable operations, tool execution, and session management
through the unified bridge protocol.

      


      
        Summary


  
    Functions
  


    
      
        cleanup_session(cleanup_session_request, stream)

      


    


    
      
        delete_variable(request, stream)

      


    


    
      
        execute_elixir_tool(request, stream)

      


    


    
      
        execute_streaming_tool(request, stream)

      


    


    
      
        execute_tool(request, stream)

      


    


    
      
        get_exposed_elixir_tools(get_exposed_elixir_tools_request, stream)

      


    


    
      
        get_session(get_session_request, stream)

      


    


    
      
        get_variable(get_variable_request, stream)

      


    


    
      
        get_variables(request, stream)

      


    


    
      
        heartbeat(heartbeat_request, stream)

      


    


    
      
        initialize_session(request, stream)

      


    


    
      
        list_variables(request, stream)

      


    


    
      
        ping(ping_request, stream)

      


    


    
      
        register_tools(request, stream)

      


    


    
      
        register_variable(request, stream)

      


    


    
      
        service_name(_)

      


    


    
      
        set_variable(request, stream)

      


    


    
      
        set_variables(request, stream)

      


    


    
      
        watch_variables(request, stream)

      


    





      


      
        Functions

        


  
    
      
    
    
      cleanup_session(cleanup_session_request, stream)



    

  


  


  



  
    
      
    
    
      delete_variable(request, stream)



    

  


  


  



  
    
      
    
    
      execute_elixir_tool(request, stream)



    

  


  


  



  
    
      
    
    
      execute_streaming_tool(request, stream)



    

  


  


  



  
    
      
    
    
      execute_tool(request, stream)



    

  


  


  



  
    
      
    
    
      get_exposed_elixir_tools(get_exposed_elixir_tools_request, stream)



    

  


  


  



  
    
      
    
    
      get_session(get_session_request, stream)



    

  


  


  



  
    
      
    
    
      get_variable(get_variable_request, stream)



    

  


  


  



  
    
      
    
    
      get_variables(request, stream)



    

  


  


  



  
    
      
    
    
      heartbeat(heartbeat_request, stream)



    

  


  


  



  
    
      
    
    
      initialize_session(request, stream)



    

  


  


  



  
    
      
    
    
      list_variables(request, stream)



    

  


  


  



  
    
      
    
    
      ping(ping_request, stream)



    

  


  


  



  
    
      
    
    
      register_tools(request, stream)



    

  


  


  



  
    
      
    
    
      register_variable(request, stream)



    

  


  


  



  
    
      
    
    
      service_name(_)



    

  


  


  



  
    
      
    
    
      set_variable(request, stream)



    

  


  


  



  
    
      
    
    
      set_variables(request, stream)



    

  


  


  



  
    
      
    
    
      watch_variables(request, stream)
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Snakepit.GRPC.Client 
    



      
gRPC client for the unified bridge protocol.
Delegates to the real implementation when available.

      


      
        Summary


  
    Functions
  


    
      
        cleanup_session(channel, session_id, force \\ false, opts \\ [])

      


    


    
      
        connect(port)

      


    


    
      
        delete_variable(channel, session_id, identifier, opts \\ [])

      


    


    
      
        execute(channel, command, args, timeout \\ 30000)

      


    


    
      
        execute_streaming_tool(channel, session_id, tool_name, parameters, opts \\ [])

      


    


    
      
        execute_tool(channel, session_id, tool_name, parameters, opts \\ [])

      


    


    
      
        get_info(channel)

      


    


    
      
        get_session(channel, session_id, opts \\ [])

      


    


    
      
        get_variable(channel, session_id, identifier, opts \\ [])

      


    


    
      
        health(channel, client_id)

      


    


    
      
        heartbeat(channel, session_id, opts \\ [])

      


    


    
      
        initialize_session(channel, session_id, config \\ %{}, opts \\ [])

      


    


    
      
        list_variables(channel, session_id, pattern \\ "*", opts \\ [])

      


    


    
      
        ping(channel, message, opts \\ [])

      


    


    
      
        register_variable(channel, session_id, name, type, initial_value, constraints \\ %{}, opts \\ [])

      


    


    
      
        set_variable(channel, session_id, identifier, value, opts \\ [])

      


    


    
      
        set_variables(channel, session_id, updates, opts \\ [])

      


    





      


      
        Functions

        


    

    

  
    
      
    
    
      cleanup_session(channel, session_id, force \\ false, opts \\ [])



    

  


  


  



  
    
      
    
    
      connect(port)



    

  


  


  



    

  
    
      
    
    
      delete_variable(channel, session_id, identifier, opts \\ [])



    

  


  


  



    

  
    
      
    
    
      execute(channel, command, args, timeout \\ 30000)



    

  


  


  



    

  
    
      
    
    
      execute_streaming_tool(channel, session_id, tool_name, parameters, opts \\ [])



    

  


  


  



    

  
    
      
    
    
      execute_tool(channel, session_id, tool_name, parameters, opts \\ [])



    

  


  


  



  
    
      
    
    
      get_info(channel)



    

  


  


  



    

  
    
      
    
    
      get_session(channel, session_id, opts \\ [])



    

  


  


  



    

  
    
      
    
    
      get_variable(channel, session_id, identifier, opts \\ [])



    

  


  


  



  
    
      
    
    
      health(channel, client_id)



    

  


  


  



    

  
    
      
    
    
      heartbeat(channel, session_id, opts \\ [])



    

  


  


  



    

    

  
    
      
    
    
      initialize_session(channel, session_id, config \\ %{}, opts \\ [])



    

  


  


  



    

    

  
    
      
    
    
      list_variables(channel, session_id, pattern \\ "*", opts \\ [])



    

  


  


  



    

  
    
      
    
    
      ping(channel, message, opts \\ [])



    

  


  


  



    

    

  
    
      
    
    
      register_variable(channel, session_id, name, type, initial_value, constraints \\ %{}, opts \\ [])



    

  


  


  



    

  
    
      
    
    
      set_variable(channel, session_id, identifier, value, opts \\ [])



    

  


  


  



    

  
    
      
    
    
      set_variables(channel, session_id, updates, opts \\ [])
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Snakepit.GRPC.ClientImpl 
    



      
Real gRPC client implementation using generated stubs.

      


      
        Summary


  
    Functions
  


    
      
        cleanup_session(channel, session_id, force \\ false, opts \\ [])

      


    


    
      
        connect(port)

      


    


    
      
        delete_variable(channel, session_id, identifier, opts \\ [])

      


    


    
      
        execute_streaming_tool(channel, session_id, tool_name, parameters, opts \\ [])

      


    


    
      
        execute_tool(channel, session_id, tool_name, parameters, opts \\ [])

      


    


    
      
        get_session(channel, session_id, opts \\ [])

      


    


    
      
        get_variable(channel, session_id, identifier, opts \\ [])

      


    


    
      
        heartbeat(channel, session_id, opts \\ [])

      


    


    
      
        initialize_session(channel, session_id, config \\ %{}, opts \\ [])

      


    


    
      
        list_variables(channel, session_id, pattern \\ "*", opts \\ [])

      


    


    
      
        ping(channel, message, opts \\ [])

      


    


    
      
        register_variable(channel, session_id, name, type, initial_value, opts \\ [])

      


    


    
      
        set_variable(channel, session_id, name, value, opts \\ [])

      


    


    
      
        set_variables(channel, session_id, updates, opts \\ [])

      


    


    
      
        watch_variables(channel, session_id, names, opts \\ [])

      


    





      


      
        Functions

        


    

    

  
    
      
    
    
      cleanup_session(channel, session_id, force \\ false, opts \\ [])



    

  


  


  



  
    
      
    
    
      connect(port)



    

  


  


  



    

  
    
      
    
    
      delete_variable(channel, session_id, identifier, opts \\ [])



    

  


  


  



    

  
    
      
    
    
      execute_streaming_tool(channel, session_id, tool_name, parameters, opts \\ [])



    

  


  


  



    

  
    
      
    
    
      execute_tool(channel, session_id, tool_name, parameters, opts \\ [])



    

  


  


  



    

  
    
      
    
    
      get_session(channel, session_id, opts \\ [])



    

  


  


  



    

  
    
      
    
    
      get_variable(channel, session_id, identifier, opts \\ [])



    

  


  


  



    

  
    
      
    
    
      heartbeat(channel, session_id, opts \\ [])



    

  


  


  



    

    

  
    
      
    
    
      initialize_session(channel, session_id, config \\ %{}, opts \\ [])



    

  


  


  



    

    

  
    
      
    
    
      list_variables(channel, session_id, pattern \\ "*", opts \\ [])



    

  


  


  



    

  
    
      
    
    
      ping(channel, message, opts \\ [])



    

  


  


  



    

  
    
      
    
    
      register_variable(channel, session_id, name, type, initial_value, opts \\ [])



    

  


  


  



    

  
    
      
    
    
      set_variable(channel, session_id, name, value, opts \\ [])



    

  


  


  



    

  
    
      
    
    
      set_variables(channel, session_id, updates, opts \\ [])



    

  


  


  



    

  
    
      
    
    
      watch_variables(channel, session_id, names, opts \\ [])
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Snakepit.GRPC.Endpoint 
    



      
gRPC endpoint for the Snakepit bridge server.
This module defines the gRPC endpoint that handles incoming
requests for the unified bridge protocol.
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Snakepit.GRPC.StreamHandler 
    



      
Handles gRPC streaming responses for variable watching.

      


      
        Summary


  
    Functions
  


    
      
        consume_stream(stream, handler_fn)

      


        Consume a gRPC stream and call the handler function for each update.



    





      


      
        Functions

        


  
    
      
    
    
      consume_stream(stream, handler_fn)



    

  


  

Consume a gRPC stream and call the handler function for each update.
The handler function receives: (name, old_value, new_value, metadata)
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Snakepit.GRPCWorker 
    



      
  A GenServer that manages gRPC connections to external processes.
  This worker can handle both traditional request/response and streaming operations
  via gRPC instead of stdin/stdout communication.
  ## Features
	Automatic gRPC connection management
	Health check monitoring
	Streaming support with callback-based API
	Session affinity for stateful operations
	Graceful fallback to traditional workers if gRPC unavailable

Usage
# Start a gRPC worker
{:ok, worker} = Snakepit.GRPCWorker.start_link(adapter: Snakepit.Adapters.GRPCPython)

# Simple execution
{:ok, result} = Snakepit.GRPCWorker.execute(worker, "ping", %{})

# Streaming execution
Snakepit.GRPCWorker.execute_stream(worker, "batch_inference", %{
  batch_items: ["img1.jpg", "img2.jpg"]
}, fn chunk ->
  IO.puts("Processed: #{chunk["item"]}")
end)

      


      
        Summary


  
    Types
  


    
      
        worker_state()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        execute(worker, command, args, timeout \\ 30000)

      


        Execute a command and return the result.



    


    
      
        execute_in_session(worker, session_id, command, args, timeout \\ 30000)

      


        Execute a command in a specific session.



    


    
      
        execute_stream(worker, command, args, callback_fn, timeout \\ 300_000)

      


        Execute a streaming command with callback.



    


    
      
        get_channel(worker)

      


        Get the gRPC channel for direct client usage.



    


    
      
        get_health(worker)

      


        Get worker health and statistics.



    


    
      
        get_info(worker)

      


        Get worker information and capabilities.



    


    
      
        get_session_id(worker)

      


        Get the session ID for this worker.



    


    
      
        start_link(opts)

      


        Start a gRPC worker with the given adapter.



    





      


      
        Types

        


  
    
      
    
    
      worker_state()



    

  


  

      

          @type worker_state() :: %{
  adapter: module(),
  port: integer(),
  channel: term() | nil,
  health_check_ref: reference() | nil,
  stats: map(),
  session_id: String.t()
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      child_spec(init_arg)



    

  


  

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

  



    

  
    
      
    
    
      execute(worker, command, args, timeout \\ 30000)



    

  


  

Execute a command and return the result.

  



    

  
    
      
    
    
      execute_in_session(worker, session_id, command, args, timeout \\ 30000)



    

  


  

Execute a command in a specific session.

  



    

  
    
      
    
    
      execute_stream(worker, command, args, callback_fn, timeout \\ 300_000)



    

  


  

Execute a streaming command with callback.

  



  
    
      
    
    
      get_channel(worker)



    

  


  

Get the gRPC channel for direct client usage.

  



  
    
      
    
    
      get_health(worker)



    

  


  

Get worker health and statistics.

  



  
    
      
    
    
      get_info(worker)



    

  


  

Get worker information and capabilities.

  



  
    
      
    
    
      get_session_id(worker)



    

  


  

Get the session ID for this worker.

  



  
    
      
    
    
      start_link(opts)



    

  


  

Start a gRPC worker with the given adapter.
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Snakepit.Pool 
    



      
Pool manager for external workers with concurrent initialization.
Features:
	Concurrent worker startup (all workers start in parallel)
	Simple queue-based request distribution
	Non-blocking async execution
	Automatic request queueing when workers are busy
	Adapter-based support for any external process


      


      
        Summary


  
    Functions
  


    
      
        await_ready(pool \\ __MODULE__, timeout \\ 15000)

      


        Waits for the pool to be fully initialized.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        execute(command, args, opts \\ [])

      


        Executes a command on any available worker.



    


    
      
        execute_stream(command, args, callback_fn, opts \\ [])

      


        Execute a streaming command with callback.



    


    
      
        get_stats(pool \\ __MODULE__)

      


        Gets pool statistics.



    


    
      
        list_workers(pool \\ __MODULE__)

      


        Lists all worker IDs in the pool.



    


    
      
        start_link(opts \\ [])

      


        Starts the pool manager.



    





      


      
        Functions

        


    

    

  
    
      
    
    
      await_ready(pool \\ __MODULE__, timeout \\ 15000)



    

  


  

      

          @spec await_ready(atom() | pid(), timeout()) :: :ok | {:error, :timeout}


      


Waits for the pool to be fully initialized.
Returns :ok when all workers are ready, or {:error, :timeout} if
the pool doesn't initialize within the given timeout.

  



  
    
      
    
    
      child_spec(init_arg)



    

  


  

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

  



    

  
    
      
    
    
      execute(command, args, opts \\ [])



    

  


  

Executes a command on any available worker.

  



    

  
    
      
    
    
      execute_stream(command, args, callback_fn, opts \\ [])



    

  


  

Execute a streaming command with callback.

  



    

  
    
      
    
    
      get_stats(pool \\ __MODULE__)



    

  


  

Gets pool statistics.

  



    

  
    
      
    
    
      list_workers(pool \\ __MODULE__)



    

  


  

Lists all worker IDs in the pool.

  



    

  
    
      
    
    
      start_link(opts \\ [])



    

  


  

Starts the pool manager.
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Snakepit.Pool.ApplicationCleanup 
    



      
Provides hard guarantees for worker process cleanup when the application exits.
This module ensures that NO worker processes survive application shutdown,
preventing orphaned processes while still allowing normal pool operations.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        force_cleanup_all()

      


        Force cleanup all tracked worker processes.



    


    
      
        init(opts)

      


        Callback implementation for GenServer.init/1.



    


    
      
        start_link(opts \\ [])

      


    





      


      
        Functions

        


  
    
      
    
    
      child_spec(init_arg)



    

  


  

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

  



  
    
      
    
    
      force_cleanup_all()



    

  


  

Force cleanup all tracked worker processes.

  



  
    
      
    
    
      init(opts)



    

  


  

Callback implementation for GenServer.init/1.

  



    

  
    
      
    
    
      start_link(opts \\ [])
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Snakepit.Pool.ProcessRegistry 
    



      
Registry for tracking external worker processes with OS-level PID management.
This module maintains a mapping between:
	Worker IDs
	Elixir worker PIDs
	External process PIDs
	Process fingerprints

Enables robust orphaned process detection and cleanup.

      


      
        Summary


  
    Functions
  


    
      
        activate_worker(worker_id, elixir_pid, process_pid, fingerprint)

      


        Activates a reserved worker with its actual process information.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        cleanup_dead_workers()

      


        Cleans up dead worker entries from the registry.



    


    
      
        debug_show_all_entries()

      


        Debug function to show all DETS entries with their BEAM run IDs.



    


    
      
        get_active_process_pids()

      


        Gets all active external process PIDs from registered workers.



    


    
      
        get_all_process_pids()

      


        Gets all registered external process PIDs, regardless of worker status.



    


    
      
        get_beam_run_id()

      


        Get the current BEAM run ID.



    


    
      
        get_stats()

      


        Gets registry statistics.



    


    
      
        get_worker_info(worker_id)

      


        Gets information for a specific worker.



    


    
      
        get_workers_by_fingerprint(fingerprint)

      


        Gets workers with specific fingerprints.



    


    
      
        list_all_workers()

      


        Gets all registered worker information.



    


    
      
        manual_orphan_cleanup()

      


        Manually trigger orphan cleanup. Useful for testing and debugging.



    


    
      
        register_worker(worker_id, elixir_pid, process_pid, fingerprint)

      


        Registers a worker with its external process information.
@deprecated Use reserve_worker/1 followed by activate_worker/4 instead



    


    
      
        reserve_worker(worker_id)

      


        Reserves a worker slot before spawning the process.
This ensures we can track the process even if we crash during spawn.



    


    
      
        start_link(opts \\ [])

      


    


    
      
        unregister_worker(worker_id)

      


        Unregisters a worker from tracking.
Returns :ok regardless of whether the worker was registered.



    


    
      
        validate_workers()

      


        Validates that all registered workers are still alive.
Returns a list of dead workers that should be cleaned up.



    


    
      
        worker_registered?(worker_id)

      


        Checks if a worker is currently registered.



    





      


      
        Functions

        


  
    
      
    
    
      activate_worker(worker_id, elixir_pid, process_pid, fingerprint)



    

  


  

Activates a reserved worker with its actual process information.

  



  
    
      
    
    
      child_spec(init_arg)



    

  


  

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

  



  
    
      
    
    
      cleanup_dead_workers()



    

  


  

Cleans up dead worker entries from the registry.

  



  
    
      
    
    
      debug_show_all_entries()



    

  


  

Debug function to show all DETS entries with their BEAM run IDs.

  



  
    
      
    
    
      get_active_process_pids()



    

  


  

Gets all active external process PIDs from registered workers.

  



  
    
      
    
    
      get_all_process_pids()



    

  


  

Gets all registered external process PIDs, regardless of worker status.
This is useful during shutdown when workers may have been terminated
but external processes still need cleanup.

  



  
    
      
    
    
      get_beam_run_id()



    

  


  

Get the current BEAM run ID.

  



  
    
      
    
    
      get_stats()



    

  


  

Gets registry statistics.

  



  
    
      
    
    
      get_worker_info(worker_id)



    

  


  

Gets information for a specific worker.

  



  
    
      
    
    
      get_workers_by_fingerprint(fingerprint)



    

  


  

Gets workers with specific fingerprints.

  



  
    
      
    
    
      list_all_workers()



    

  


  

Gets all registered worker information.

  



  
    
      
    
    
      manual_orphan_cleanup()



    

  


  

Manually trigger orphan cleanup. Useful for testing and debugging.

  



  
    
      
    
    
      register_worker(worker_id, elixir_pid, process_pid, fingerprint)



    

  


  

Registers a worker with its external process information.
@deprecated Use reserve_worker/1 followed by activate_worker/4 instead

  



  
    
      
    
    
      reserve_worker(worker_id)



    

  


  

Reserves a worker slot before spawning the process.
This ensures we can track the process even if we crash during spawn.

  



    

  
    
      
    
    
      start_link(opts \\ [])



    

  


  


  



  
    
      
    
    
      unregister_worker(worker_id)



    

  


  

Unregisters a worker from tracking.
Returns :ok regardless of whether the worker was registered.

  



  
    
      
    
    
      validate_workers()



    

  


  

Validates that all registered workers are still alive.
Returns a list of dead workers that should be cleaned up.

  



  
    
      
    
    
      worker_registered?(worker_id)



    

  


  

Checks if a worker is currently registered.
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Snakepit.Pool.Registry 
    



      
Registry for pool worker processes.
This is a thin wrapper around Elixir's Registry that provides:
	Consistent naming for worker processes
	Easy migration path to distributed registry (Horde)
	Helper functions for worker lookup


      


      
        Summary


  
    Functions
  


    
      
        child_spec(opts)

      


        Returns the child spec for the registry.



    


    
      
        get_worker_id_by_pid(pid)

      


        Get worker_id from PID for O(1) lookups in :DOWN messages.



    


    
      
        get_worker_pid(worker_id)

      


        Gets the PID for a worker ID.



    


    
      
        list_workers()

      


        Lists all registered worker IDs.



    


    
      
        register_worker(worker_id, pid)

      


        Register a worker with metadata for O(1) reverse lookups.
This is only used for manual registration - workers started with via_tuple are already registered.



    


    
      
        via_tuple(worker_id)

      


        Returns a via tuple for registering/looking up a worker process.



    


    
      
        worker_count()

      


        Counts the number of registered workers.



    


    
      
        worker_exists?(worker_id)

      


        Checks if a worker is registered.



    





      


      
        Functions

        


  
    
      
    
    
      child_spec(opts)



    

  


  

Returns the child spec for the registry.

  



  
    
      
    
    
      get_worker_id_by_pid(pid)



    

  


  

Get worker_id from PID for O(1) lookups in :DOWN messages.

  



  
    
      
    
    
      get_worker_pid(worker_id)



    

  


  

Gets the PID for a worker ID.

  



  
    
      
    
    
      list_workers()



    

  


  

Lists all registered worker IDs.

  



  
    
      
    
    
      register_worker(worker_id, pid)



    

  


  

Register a worker with metadata for O(1) reverse lookups.
This is only used for manual registration - workers started with via_tuple are already registered.

  



  
    
      
    
    
      via_tuple(worker_id)



    

  


  

Returns a via tuple for registering/looking up a worker process.
Examples
iex> Snakepit.Pool.Registry.via_tuple("worker_123")
{:via, Registry, {Snakepit.Pool.Registry, "worker_123"}}

  



  
    
      
    
    
      worker_count()



    

  


  

Counts the number of registered workers.

  



  
    
      
    
    
      worker_exists?(worker_id)



    

  


  

Checks if a worker is registered.
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Snakepit.Pool.Worker.Starter 
    



      
Supervisor wrapper for individual workers that provides automatic restart capability.
This module implements the "Permanent Wrapper" pattern that allows DynamicSupervisor
to automatically restart workers when they crash, while keeping the actual worker
process as :transient (so it doesn't restart during coordinated shutdown).
Architecture
DynamicSupervisor (WorkerSupervisor)
└── Worker.Starter (permanent, one per worker)
    └── Worker (transient, actual worker process)
When a Worker crashes:
	Worker.Starter detects the crash via its :one_for_one strategy
	Worker.Starter automatically restarts the Worker (because Worker is :permanent in this context)
	Pool is notified via :DOWN message but doesn't need to manage restarts
	New Worker re-registers itself automatically

This decouples the Pool from worker replacement logic.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        start_link(worker_id)

      


        Starts a worker starter supervisor.



    


    
      
        via_name(worker_id)

      


        Returns a via tuple for this starter supervisor.



    





      


      
        Functions

        


  
    
      
    
    
      child_spec(init_arg)



    

  


  

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

  



  
    
      
    
    
      start_link(worker_id)



    

  


  

Starts a worker starter supervisor.
Parameters
	worker_id - Unique identifier for the worker


  



  
    
      
    
    
      via_name(worker_id)



    

  


  

Returns a via tuple for this starter supervisor.
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Snakepit.Pool.Worker.StarterRegistry 
    



      
Registry for worker starter supervisors.
This registry provides a clean separation between worker processes and
their starter supervisors, making debugging and process tracking easier.
Worker starters are registered with their worker_id as the key, allowing
for easy lookup and management of individual starter supervisors.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(opts)

      


        Returns the child spec for the starter registry.



    


    
      
        get_starter_pid(worker_id)

      


        Gets the PID for a worker starter supervisor.



    


    
      
        list_starters()

      


        Lists all registered worker starter IDs.



    


    
      
        starter_count()

      


        Counts the number of registered worker starters.



    


    
      
        starter_exists?(worker_id)

      


        Checks if a worker starter is registered.



    


    
      
        via_tuple(worker_id)

      


        Returns a via tuple for registering/looking up a worker starter supervisor.



    





      


      
        Functions

        


  
    
      
    
    
      child_spec(opts)



    

  


  

Returns the child spec for the starter registry.

  



  
    
      
    
    
      get_starter_pid(worker_id)



    

  


  

Gets the PID for a worker starter supervisor.

  



  
    
      
    
    
      list_starters()



    

  


  

Lists all registered worker starter IDs.

  



  
    
      
    
    
      starter_count()



    

  


  

Counts the number of registered worker starters.

  



  
    
      
    
    
      starter_exists?(worker_id)



    

  


  

Checks if a worker starter is registered.

  



  
    
      
    
    
      via_tuple(worker_id)



    

  


  

Returns a via tuple for registering/looking up a worker starter supervisor.
Examples
iex> Snakepit.Pool.Worker.StarterRegistry.via_tuple("worker_123")
{:via, Registry, {Snakepit.Pool.Worker.StarterRegistry, "worker_123"}}
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Snakepit.Pool.WorkerSupervisor 
    



      
DynamicSupervisor for pool worker processes.
This supervisor manages the lifecycle of workers:
	Starts workers on demand
	Handles crashes with automatic restarts
	Provides clean shutdown of workers


      


      
        Summary


  
    Functions
  


    
      
        child_spec(arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        list_workers()

      


        Lists all supervised workers.



    


    
      
        restart_worker(worker_id)

      


        Restarts a worker by ID.



    


    
      
        start_link(init_arg)

      


        Starts the worker supervisor.



    


    
      
        start_worker(worker_id, worker_module \\ Snakepit.GRPCWorker, adapter_module \\ nil)

      


        Starts a new pool worker with the given ID.



    


    
      
        stop_worker(worker_id)

      


        Stops a worker gracefully.



    


    
      
        worker_count()

      


        Returns the count of active workers.



    





      


      
        Functions

        


  
    
      
    
    
      child_spec(arg)



    

  


  

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

  



  
    
      
    
    
      list_workers()



    

  


  

Lists all supervised workers.

  



  
    
      
    
    
      restart_worker(worker_id)



    

  


  

Restarts a worker by ID.

  



  
    
      
    
    
      start_link(init_arg)



    

  


  

Starts the worker supervisor.

  



    

    

  
    
      
    
    
      start_worker(worker_id, worker_module \\ Snakepit.GRPCWorker, adapter_module \\ nil)



    

  


  

Starts a new pool worker with the given ID.
Examples
iex> Snakepit.Pool.WorkerSupervisor.start_worker("worker_123")
{:ok, #PID<0.123.0>}

  



  
    
      
    
    
      stop_worker(worker_id)



    

  


  

Stops a worker gracefully.

  



  
    
      
    
    
      worker_count()



    

  


  

Returns the count of active workers.
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Snakepit.Python 
    



      
Enhanced Python interop API built on Snakepit V2 architecture.
Provides universal Python method invocation while maintaining full
backward compatibility with existing patterns. Uses the enhanced
Python adapter to enable dynamic calls on any Python library.
Features
	Dynamic method calls on any Python object/module
	Object persistence across calls and sessions
	Framework-agnostic design supporting any Python library
	Pipeline execution for complex workflows
	Smart serialization with framework-specific optimizations
	Full backward compatibility with existing adapters

Usage
# Configure to use enhanced adapter
config :snakepit,
  adapter_module: Snakepit.Adapters.EnhancedPython

# Dynamic method calls
Snakepit.Python.call("pandas.read_csv", %{filepath: "data.csv"})
Snakepit.Python.call("sklearn.linear_model.LinearRegression", %{}, store_as: "model")
Snakepit.Python.call("stored.model.fit", %{X: data, y: labels})

# Pipeline execution
Snakepit.Python.pipeline([
  {:call, "dspy.configure", %{lm: "openai/gpt-3.5-turbo"}},
  {:call, "dspy.Predict", %{signature: "question -> answer"}, store_as: "qa"},
  {:call, "stored.qa.__call__", %{question: "What is Python?"}}
])

      


      
        Summary


  
    Functions
  


    
      
        call(target, kwargs \\ %{}, opts \\ [])

      


        Call any Python method dynamically.



    


    
      
        configure(framework, config, opts \\ [])

      


        Configure a Python framework with framework-specific optimizations.



    


    
      
        configure_dspy(provider, config, opts \\ [])

      


        Configure DSPy with various language model providers.



    


    
      
        create_dspy_program(program_type, params, opts \\ [])

      


        Create and configure DSPy programs with simplified syntax.



    


    
      
        create_model(model_type, params \\ %{}, opts \\ [])

      


        Create and configure machine learning models.



    


    
      
        create_session(opts \\ [])

      


        Create a session-scoped context for related operations.



    


    
      
        delete_stored(id, opts \\ [])

      


        Delete a stored object.



    


    
      
        execute_dspy(program_id, inputs, opts \\ [])

      


        Execute a DSPy program with inputs.



    


    
      
        info(opts \\ [])

      


        Get enhanced bridge information and capabilities.



    


    
      
        inspect(target, opts \\ [])

      


        Inspect Python objects and get metadata.



    


    
      
        list_stored(opts \\ [])

      


        List all stored objects.



    


    
      
        load_dataframe(source_type, params, opts \\ [])

      


        Load a pandas DataFrame from various sources.



    


    
      
        pipeline(steps, opts \\ [])

      


        Execute a sequence of calls in a pipeline.



    


    
      
        predict(model_id, data, opts \\ [])

      


        Make predictions with a trained model.



    


    
      
        retrieve(id, opts \\ [])

      


        Retrieve a stored object.



    


    
      
        store(id, value, opts \\ [])

      


        Store an object for later retrieval.



    


    
      
        train_model(model_id, data, opts \\ [])

      


        Train a stored model with data.



    





      


      
        Functions

        


    

    

  
    
      
    
    
      call(target, kwargs \\ %{}, opts \\ [])



    

  


  

Call any Python method dynamically.
Parameters
	target - Python target to call (e.g., "pandas.read_csv", "stored.model.predict")
	kwargs - Keyword arguments for the call (optional)
	opts - Additional options including :store_as, :args, :pool, etc.

Examples
# Module functions
Snakepit.Python.call("numpy.array", %{object: [1, 2, 3, 4]})

# Class instantiation
Snakepit.Python.call("sklearn.ensemble.RandomForestClassifier", %{
  n_estimators: 100
}, store_as: "classifier")

# Method calls on stored objects
Snakepit.Python.call("stored.classifier.fit", %{X: training_data, y: labels})

# DSPy integration
Snakepit.Python.call("dspy.ChainOfThought", %{
  signature: "context, question -> reasoning, answer"
}, store_as: "cot_program")

  



    

  
    
      
    
    
      configure(framework, config, opts \\ [])



    

  


  

Configure a Python framework with framework-specific optimizations.
Examples
# DSPy with Gemini
Snakepit.Python.configure("dspy", %{
  provider: "google",
  model: "gemini-2.5-flash-lite", 
  api_key: System.get_env("GEMINI_API_KEY")
})

# Generic framework configuration
Snakepit.Python.configure("transformers", %{
  model_cache_dir: "/tmp/models"
})

  



    

  
    
      
    
    
      configure_dspy(provider, config, opts \\ [])



    

  


  

Configure DSPy with various language model providers.
Examples
# OpenAI GPT
Snakepit.Python.configure_dspy(:openai, %{
  model: "gpt-4",
  api_key: System.get_env("OPENAI_API_KEY")
})

# Google Gemini
Snakepit.Python.configure_dspy(:gemini, %{
  model: "gemini-2.5-flash-lite",
  api_key: System.get_env("GEMINI_API_KEY")
})

# Anthropic Claude
Snakepit.Python.configure_dspy(:anthropic, %{
  model: "claude-3-sonnet-20240229",
  api_key: System.get_env("ANTHROPIC_API_KEY")
})

  



    

  
    
      
    
    
      create_dspy_program(program_type, params, opts \\ [])



    

  


  

Create and configure DSPy programs with simplified syntax.
⚠️ SECURITY WARNING
The :module program type executes arbitrary Python code via exec().
This is a SIGNIFICANT SECURITY RISK. Only use :module with trusted code
that you have written or thoroughly reviewed. NEVER use with user input.
Examples
# Simple Q&A program
Snakepit.Python.create_dspy_program(:predict, %{
  signature: "question -> answer"
}, store_as: "qa")

# Chain of Thought program
Snakepit.Python.create_dspy_program(:chain_of_thought, %{
  signature: "context, question -> reasoning, answer"
}, store_as: "cot")

# Custom program with multiple steps
class_definition = ~S'''
  class CustomProgram(dspy.Module):
      def __init__(self):
          super().__init__()
          self.generate_query = dspy.Predict("context -> query")
          self.answer = dspy.Predict("query, context -> answer")

      def forward(self, context):
          query = self.generate_query(context=context)
          answer = self.answer(query=query.query, context=context)
          return answer
'''

Snakepit.Python.create_dspy_program(:module, %{
  class_definition: class_definition
}, store_as: "custom_program")

  



    

    

  
    
      
    
    
      create_model(model_type, params \\ %{}, opts \\ [])



    

  


  

Create and configure machine learning models.
Examples
# Random Forest
Snakepit.Python.create_model(:random_forest, %{
  n_estimators: 100,
  random_state: 42
}, store_as: "rf_model")

# Linear Regression
Snakepit.Python.create_model(:linear_regression, %{}, store_as: "lr_model")

# Neural Network
Snakepit.Python.create_model(:mlp, %{
  hidden_layer_sizes: [100, 50],
  max_iter: 1000
}, store_as: "nn_model")

  



    

  
    
      
    
    
      create_session(opts \\ [])



    

  


  

Create a session-scoped context for related operations.
Returns a session ID that can be used for session-affinity calls.
All objects stored within a session are automatically cleaned up
when the session expires.
Examples
session_id = Snakepit.Python.create_session()

Snakepit.Python.call("dspy.configure", %{...}, session_id: session_id)
Snakepit.Python.call("dspy.Predict", %{...}, store_as: "qa", session_id: session_id)
Snakepit.Python.call("stored.qa.__call__", %{...}, session_id: session_id)

  



    

  
    
      
    
    
      delete_stored(id, opts \\ [])



    

  


  

Delete a stored object.

  



    

  
    
      
    
    
      execute_dspy(program_id, inputs, opts \\ [])



    

  


  

Execute a DSPy program with inputs.
Examples
# Simple execution
Snakepit.Python.execute_dspy("qa", %{question: "What is Elixir?"})

# With context
Snakepit.Python.execute_dspy("cot", %{
  context: "Elixir is a functional programming language...",
  question: "What are the main features?"
})

  



    

  
    
      
    
    
      info(opts \\ [])



    

  


  

Get enhanced bridge information and capabilities.

  



    

  
    
      
    
    
      inspect(target, opts \\ [])



    

  


  

Inspect Python objects and get metadata.
Examples
Snakepit.Python.inspect("numpy.array")
Snakepit.Python.inspect("stored.my_model")

  



    

  
    
      
    
    
      list_stored(opts \\ [])



    

  


  

List all stored objects.

  



    

  
    
      
    
    
      load_dataframe(source_type, params, opts \\ [])



    

  


  

Load a pandas DataFrame from various sources.
Examples
# CSV file
Snakepit.Python.load_dataframe(:csv, %{filepath: "data.csv"}, store_as: "df")

# JSON file
Snakepit.Python.load_dataframe(:json, %{path: "data.json"}, store_as: "df")

# SQL query
Snakepit.Python.load_dataframe(:sql, %{
  sql: "SELECT * FROM users",
  con: "sqlite:///database.db"
}, store_as: "users")

  



    

  
    
      
    
    
      pipeline(steps, opts \\ [])



    

  


  

Execute a sequence of calls in a pipeline.
Examples
Snakepit.Python.pipeline([
  {:call, "pandas.read_csv", %{filepath: "data.csv"}, store_as: "df"},
  {:call, "stored.df.describe", %{}},
  {:call, "sklearn.preprocessing.StandardScaler", %{}, store_as: "scaler"},
  {:call, "stored.scaler.fit_transform", %{X: "stored.df"}}
])

# With session affinity
Snakepit.Python.pipeline([
  {:call, "dspy.configure", %{lm: "openai/gpt-3.5-turbo"}},
  {:call, "dspy.Predict", %{signature: "question -> answer"}, store_as: "qa"},
  {:call, "stored.qa.__call__", %{question: "Hello?"}}
], session_id: "my_session")

  



    

  
    
      
    
    
      predict(model_id, data, opts \\ [])



    

  


  

Make predictions with a trained model.
Examples
# Predict with stored data
Snakepit.Python.predict("my_model", %{X: "stored.X_test"}, store_as: "predictions")

# Predict with direct data
Snakepit.Python.predict("my_model", %{X: test_features}, store_as: "predictions")

  



    

  
    
      
    
    
      retrieve(id, opts \\ [])



    

  


  

Retrieve a stored object.

  



    

  
    
      
    
    
      store(id, value, opts \\ [])



    

  


  

Store an object for later retrieval.

  



    

  
    
      
    
    
      train_model(model_id, data, opts \\ [])



    

  


  

Train a stored model with data.
Examples
# Train with stored DataFrame
Snakepit.Python.train_model("my_model", %{
  X: "stored.X_train",
  y: "stored.y_train"
})

# Train with direct data
Snakepit.Python.train_model("my_model", %{
  X: training_features,
  y: training_labels
})
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Snakepit.SessionHelpers 
    



      
Session helpers for ML/DSP workflows with program management.
This module provides domain-specific session functionality for ML frameworks
that use program creation and execution patterns (like DSPy, LangChain, etc.).
For generic session management, use Snakepit.execute_in_session/4 directly.

      


      
        Summary


  
    Functions
  


    
      
        execute_program_command(session_id, command, args, opts \\ [])

      


        Executes a command in session context with ML program management.



    





      


      
        Functions

        


    

  
    
      
    
    
      execute_program_command(session_id, command, args, opts \\ [])



    

  


  

Executes a command in session context with ML program management.
This function enhances the arguments with session data and handles
post-processing like storing program metadata for session continuity.
Examples
# Create a program and store metadata
{:ok, response} = Snakepit.SessionHelpers.execute_program_command(
  "my_session", 
  "create_program", 
  %{signature: "input -> output"}
)

# Execute a program using stored metadata
{:ok, result} = Snakepit.SessionHelpers.execute_program_command(
  "my_session",
  "execute_program", 
  %{program_id: "123", input: "data"}
)
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Snakepit.Telemetry 
    



      
Telemetry event definitions for Snakepit.

      


      
        Summary


  
    Functions
  


    
      
        attach_handlers()

      


        Attaches default handlers for all events.



    


    
      
        attach_program_handlers()

      


        Attaches default handlers for program events.



    


    
      
        attach_session_handlers()

      


        Attaches default handlers for session events.



    


    
      
        attach_variable_handlers()

      


        Attaches default handlers for variable events.



    


    
      
        events()

      


        Lists all telemetry events used by Snakepit.



    


    
      
        program_events()

      


        Program-related telemetry events.



    


    
      
        session_events()

      


        Session-related telemetry events.



    


    
      
        variable_events()

      


        Variable-related telemetry events.



    





      


      
        Functions

        


  
    
      
    
    
      attach_handlers()



    

  


  

Attaches default handlers for all events.

  



  
    
      
    
    
      attach_program_handlers()



    

  


  

Attaches default handlers for program events.

  



  
    
      
    
    
      attach_session_handlers()



    

  


  

Attaches default handlers for session events.

  



  
    
      
    
    
      attach_variable_handlers()



    

  


  

Attaches default handlers for variable events.

  



  
    
      
    
    
      events()



    

  


  

Lists all telemetry events used by Snakepit.

  



  
    
      
    
    
      program_events()



    

  


  

Program-related telemetry events.

  



  
    
      
    
    
      session_events()



    

  


  

Session-related telemetry events.

  



  
    
      
    
    
      variable_events()



    

  


  

Variable-related telemetry events.
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Snakepit.Utils 
    



      
Utility functions for Snakepit.
This module contains common helper functions used across the Snakepit codebase
to avoid code duplication and provide consistent behavior.

      


      
        Summary


  
    Functions
  


    
      
        stringify_keys(map)

      


        Recursively converts atom keys to string keys in maps and lists.



    





      


      
        Functions

        


  
    
      
    
    
      stringify_keys(map)



    

  


  

      

          @spec stringify_keys(any()) :: any()


      


Recursively converts atom keys to string keys in maps and lists.
This is useful when preparing data for JSON serialization where all keys
need to be strings.
Examples
iex> Snakepit.Utils.stringify_keys(%{foo: "bar", baz: %{nested: "value"}})
%{"foo" => "bar", "baz" => %{"nested" => "value"}}

iex> Snakepit.Utils.stringify_keys([%{key: "value"}, %{another: "test"}])
[%{"key" => "value"}, %{"another" => "test"}]

iex> Snakepit.Utils.stringify_keys("already_string")
"already_string"

  


        

      


  
OEBPS/dist/epub-4WIP524F.js
