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1. Agentic AI Design Patterns  

Core Philosophy: Stop Prompting, Start Designing  

Key Insight: Intelligence isn't just about spitting out answers—it's about how those answers are formed. The 
process matters more than perfect prompts.

Pattern 1: Reflection Pattern  

Purpose: Have the model check its own work before finalizing output.

Implementation Process:

1. Ask the question

2. Have the model answer  

3. Prompt again: "Was that complete? Anything missing? How could it be better?"

4. Let it revise itself

Best Use Cases:

Code reviews and debugging

Content summaries

Detail-heavy analysis



Code Example:

Pattern 2: Tool Use Pattern  

Purpose: Connect the model to real-world tools instead of relying on memorized knowledge.

Implementation Requirements:

Function-calling capability

API routing system  

External tool integrations (databases, APIs, code execution)

Example Integrations:

Vector databases for knowledge retrieval

REPL environments for code execution

External APIs (Stripe, WolframAlpha)

Internal company endpoints

Architecture:

# First response

initial_response = model.generate(prompt)

# Reflection step

reflection_prompt = f"""

Review your previous response: {initial_response}

Was that complete? Anything missing? How could it be better?

Provide an improved version.

"""

final_response = model.generate(reflection_prompt)

class ToolUseAgent:

    def __init__(self, tools):
        self.tools = tools
        
    def execute(self, query):
        # Determine which tool to use
        tool_decision = self.choose_tool(query)
        
        # Execute tool and get result
        tool_result = self.tools[tool_decision].execute()
        
        # Incorporate result into final response
        return self.synthesize_response(query, tool_result)



Pattern 3: ReAct Pattern (Reasoning + Acting)  

Purpose: Let the model think and act in loops, adjusting actions as it learns more.

Core Loop:

1. Reasoning: Analyze current situation

2. Action: Take specific step

3. Observation: Process results

4. Repeat: Continue until goal achieved

Implementation Requirements:

Tools for taking action

Memory system for tracking context

Reasoning loop with progress tracking

Example Flow:

Pattern 4: Planning Pattern  

Purpose: Break complex goals into manageable, sequential tasks.

Implementation Process:

1. Goal Analysis: Understand the complete objective

2. Task Decomposition: Break into smaller steps

3. Sequencing: Order tasks logically

4. Execution: Tackle each step systematically

5. Progress Tracking: Monitor completion status

Goal: "Find the user's recent invoices"

Step 1 - Reason: "Need to query payments database"

Step 1 - Act: Query database with user ID

Step 1 - Observe: Results are outdated

Step 2 - Reason: "Results seem stale, need user confirmation"  
Step 2 - Act: Ask user to confirm date range

Step 2 - Observe: User provides last 30 days

Step 3 - Reason: "Now I have correct parameters"

Step 3 - Act: Re-query with updated parameters

Step 3 - Observe: Current invoices retrieved successfully



Example Application - Product Launch:

Pattern 5: Multi-Agent Pattern  

Purpose: Assign different roles to specialized agents that collaborate.

Typical Team Structure:

Researcher: Gathers information and context

Planner: Creates detailed execution plans  

Implementer: Writes code and executes tasks

Reviewer: Quality control and validation

Project Manager: Coordinates workflow

Communication Architecture:

Original Request: "Help me launch a product"

Generated Plan:

1. Define target audience and market research

2. Design landing page mockups

3. Set up email campaign infrastructure  
4. Draft announcement copy and marketing materials

5. Create social media campaign timeline

6. Set up analytics and tracking

7. Execute soft launch with beta users

8. Gather feedback and iterate

9. Full public launch

class MultiAgentSystem:

    def __init__(self):
        self.agents = {
            'researcher': ResearchAgent(),
            'planner': PlanningAgent(), 
            'coder': CodingAgent(),
            'reviewer': ReviewAgent(),
            'pm': ProjectManagerAgent()
        }
        
    def collaborate(self, task):
        # Research phase
        research = self.agents['researcher'].investigate(task)
        
        # Planning phase
        plan = self.agents['planner'].create_plan(research)
        



Value Creation: The magic happens when agents disagree - this generates sharper insights and deeper 
thinking.

Complete Integration Example: Research Assistant  

Step-by-Step Implementation:

        # Implementation phase
        code = self.agents['coder'].implement(plan)
        
        # Review phase
        feedback = self.agents['reviewer'].review(code)
        
        # Coordination
        return self.agents['pm'].orchestrate_completion(feedback)

# 1. Start with Planning

def research_assistant(query):

    planning_prompt = f"""
    Break this research task into clear steps: {query}
    
    Format as:
    1. Define keywords and scope
    2. Search recent papers and sources  
    3. Analyze findings
    4. Synthesize conclusions
    """
    
    plan = model.generate(planning_prompt)
    
    # 2. Add Tool Use
    search_results = search_api.query(extracted_keywords)
    papers = academic_db.search(research_terms)
    
    # 3. Apply Reflection
    initial_analysis = model.analyze(search_results + papers)
    
    reflection_check = f"""
    Review this analysis: {initial_analysis}
    What's missing? What could be clearer?
    What additional sources would strengthen this?
    """
    
    improved_analysis = model.generate(reflection_check)
    
    # 4. Wrap in ReAct Loop
    while not_complete:
        reasoning = model.think(current_state)



2. Claude Code Professional Setup  

Phase 1: Foundation Setup  

Step 1: Global Installation & Environment  

Pro Tips:

Use LTS Node.js version for MCP server compatibility

Create dedicated workspace directories for organization

Set up quick navigation aliases

Step 2: Choose Your Development Approach  

Terminal-Based Approach (Maximum Control):

Editor-Integrated Approach (Cursor):

Press Cmd+Shift+P

Install Cursor command integration  

Press Cmd+Escape  to launch Claude Code

        if reasoning.indicates_missing_info():
            action = search_additional_sources()
            results = execute_search(action)
            current_state = update_state(results)
        else:
            break
    
    return synthesized_response

# Install Claude Code globally

npm install -g @anthropic-ai/claude-code

# Create workspace structure

mkdir -p ~/claude-projects/active/

mkdir -p ~/claude-projects/archived/

# Set up shell aliases

echo "alias cc='cd ~/projects && claude'" >> ~/.zshrc

cd /path/to/project

claude



Select specific code lines for targeted context

Step 3: Master Claude Code Modes  

Interactive Mode (Default):

Manual confirmation required for each change

Best for: Sensitive operations, critical code review

Auto-Accept Mode ( Shift+Tab ):

Applies changes automatically for rapid iteration

Best for: Well-defined tasks, trusted operations

Plan Mode ( Shift+Tab  twice):

Creates detailed execution plans without code changes

Best for: Architecture decisions, complex feature planning

Workflow Strategy:

1. Start new features in Plan mode

2. Switch to Auto-accept for implementation  

3. Return to Interactive for final reviews

Phase 2: Project Memory and Context Management  

Step 4: CLAUDE.md File Setup  

Initial Setup:

Professional CLAUDE.md Structure:

cd your-project-root

claude  # Run initialization
# This creates CLAUDE.md with project analysis

# Project: [Your Project Name]

## Architecture Overview  
- Frontend: React with TypeScript

- Backend: Node.js with Express  
- Database: PostgreSQL

- Deployment: Docker containers

## Development Guidelines

- Use functional components with hooks



Step 5: Global User Memory Configuration  

Create ~/.claude/CLAUDE.md :

Phase 3: Custom Commands and Automation  

Step 6: Essential Custom Commands  

- Follow ESLint configuration in .eslintrc

- Write tests for all API endpoints

- Use semantic commit messages (conventional commits)

## Key Files & Directories

- `/src/components/` - Reusable UI components

- `/src/api/` - API route handlers  
- `/src/utils/` - Utility functions

- `/src/types/` - TypeScript type definitions

## Current Priorities

- [Link to current sprint planning doc]

- [Link to technical debt backlog]

## Documentation Map

- System Architecture: `/docs/architecture/system-design.md`

- API Specifications: `/docs/specs/api-v2-spec.md`  
- Component Guide: `/docs/specs/component-patterns.md`

- Current Sprint Plan: `/docs/plans/sprint-15-plan.md`

# Global Development Preferences

## Coding Standards

- Prefer TypeScript over JavaScript

- Use functional programming patterns where appropriate

- Write comprehensive error handling for all functions

- Include unit tests for all business logic

## Security Practices  
- Always validate input parameters

- Use environment variables for all secrets

- Implement proper authentication checks

- Follow OWASP security guidelines

## Documentation Standards

- Include JSDoc comments for all public functions

- Maintain README files for each module

- Document API endpoints with request/response examples

- Update changelog for all releases



Create commands directory:

Optimization Command ( ~/.claude/commands/optimize.md ):

EPCT Workflow Command ( ~/.claude/commands/epct.md ):

mkdir -p ~/.claude/commands

Analyze this code for performance issues and suggest optimizations.

Focus on:

- Algorithm efficiency (time/space complexity)

- Memory usage patterns and potential leaks

- Database query optimization opportunities

- Caching strategies for expensive operations

- Bundle size reduction techniques

- Runtime performance improvements

Provide specific, actionable recommendations with code examples.

Execute structured development approach for: $argument

## Phase 1: Explore

- Research current codebase for similar implementations

- Identify existing patterns and conventions  
- Understand dependencies, constraints, and integration points

- Document key findings and architectural considerations

## Phase 2: Plan

- Design implementation approach with clear architecture

- Break down into manageable, testable tasks

- Identify potential risks and mitigation strategies  
- Create detailed execution timeline with checkpoints

## Phase 3: Code

- Implement solution following established coding standards

- Write clean, maintainable, well-documented code

- Include comprehensive error handling and edge cases

- Follow existing patterns and maintain consistency

## Phase 4: Test

- Create unit tests for all business logic

- Add integration tests for API endpoints

- Test edge cases and error conditions thoroughly

- Verify performance meets requirements

- Validate security considerations



Component Generator ( ~/.claude/commands/component.md ):

Step 7: Domain-Specific Command Organization  

Frontend Commands:

/frontend/api-integration  - API calling patterns

/frontend/state-management  - Redux/Context patterns

/frontend/performance  - Bundle optimization

Backend Commands:

/backend/endpoint  - REST API generation

/backend/middleware  - Express middleware patterns

/backend/validation  - Input validation schemas

Phase 4: Advanced Orchestration  

Step 8: Sub-Agent Orchestration Strategy  

Research Task with Multiple Sub-Agents:

Provide detailed output for each phase before proceeding to the next.

Create a new React component called $argument with these requirements:

- Use TypeScript with complete interface definitions

- Include comprehensive PropTypes or TypeScript interfaces

- Add CSS modules for styling with responsive design

- Include unit tests using React Testing Library

- Follow project component structure patterns

- Add JSDoc documentation for props

- Include accessibility attributes (ARIA)

- Implement error boundaries where appropriate

mkdir -p ~/.claude/commands/frontend

mkdir -p ~/.claude/commands/backend  
mkdir -p ~/.claude/commands/testing

mkdir -p ~/.claude/commands/devops

Create a comprehensive integration research task for LangChain, Firecrawl, 

and Screenshots API into my Chrome extension project. Spawn multiple 

specialized sub-agents to handle different aspects simultaneously:

1. LangChain Integration Specialist



Best Use Cases for Sub-Agents:

Multi-component research tasks

Parallel feature development

Complex system integration analysis

Independent validation and review

Step 9: Voice Prompting Integration  

Setup with Whisper Flow:

1. Install voice-to-text application (Whisper Flow)

2. Configure hotkey for voice input

3. Train structured speaking patterns

Professional Voice Prompting Technique:

 Instead of: "Make this better"

 Say: "Optimize this function for performance, focusing on reducing time complexity from O(n²) to O(n log n) 
and minimizing memory allocations"

 Instead of: "Fix the bug"  

 Say: "Debug the authentication middleware, specifically investigating why JWT tokens are being rejected for 
users with special characters in usernames"

Step 10: Concurrent Development Sessions  

Git Worktree Strategy:

   - Research latest LangChain.js capabilities
   - Analyze Chrome extension compatibility
   - Document integration patterns

2. API Security Analyst  
   - Review Firecrawl API authentication methods
   - Assess Screenshots API security requirements
   - Document Chrome extension permission needs

3. Architecture Designer

   - Design data flow between all components
   - Plan error handling and retry logic
   - Create integration timeline and milestones

# Create isolated development environments

git worktree add ../project-feature-auth feature/authentication

git worktree add ../project-feature-api feature/api-refactor  

https://github.com/dimastatz/whisper-flow


Session Organization Benefits:

Prevents context pollution between features

Enables true parallel development

Maintains feature-specific focus

Simplifies context management

Phase 5: External Integrations (MCP Servers)  

Step 11: MCP Server Configuration  

Check Current MCP Servers:

Add Remote MCP Server:

Project-Specific MCP Configuration ( .mcp.json ):

git worktree add ../project-frontend feature/ui-redesign

# Each worktree gets dedicated Claude session:

# Terminal 1: Feature A development

cd ../project-feature-auth && claude

# Terminal 2: API integration  
cd ../project-feature-api && claude

# Terminal 3: Frontend work

cd ../project-frontend && claude

claude mcp list

claude mcp add --transport http context7 https://api.context7.com

{

  "mcpServers": {
    "context7": {
      "command": "http",
      "args": ["https://api.context7.com"],
      "env": {
        "API_KEY": "your-api-key"
      }
    },
    "github": {
      "command": "gh", 
      "args": ["api"]



Essential MCP Integrations:

Context7: Up-to-date framework documentation

GitHub CLI: Repository management, PR creation

Database Connectors: Schema understanding, query generation

API Documentation: OpenAPI/Swagger integration

Phase 6: Production-Ready Workflows  

Step 12: Advanced Interaction Techniques  

Visual Debugging Workflow:

Selective Line Editing (Editor Mode):

1. Select specific code lines in your editor

2. Claude receives precise context automatically

3. Request targeted changes without affecting other code

Context Management Protocol:

    },
    "supabase": {
      "command": "supabase",
      "args": ["--project-ref", "your-project-ref"]
    }
  }

}

[Drag and drop screenshot into Claude Code]

"Analyze this UI design and implement the following improvements:

1. Make the layout responsive for mobile devices

2. Improve color contrast for accessibility compliance

3. Add micro-interactions for better user engagement  
4. Optimize the visual hierarchy using typography scale

5. Implement proper loading states for async operations

Provide complete CSS/React code with modern design patterns."



Production Integration Checklist:

Quality Assurance Pipeline:

Automated code review with Claude

Security scanning integration  

Performance testing automation

Documentation generation

Test coverage validation

Team Scaling Standards:

Shared command libraries in version control

MCP server management documentation

Context management protocols established

Code review processes for AI-generated code

Knowledge sharing sessions for new patterns

3. Professional AI Development Workflows  

Mindset Shift: From Code Writer to System Architect  

Architecture-First Thinking  

New Primary Responsibilities:

Understanding component interactions and system boundaries

Identifying scalability bottlenecks before they emerge

Making technology decisions based on business constraints

Designing data flow and integration patterns

Questions to Ask Before Coding:

# Clear context when switching between unrelated features

/clear

# Start fresh context for new feature development

# Include brief context setter:

"We just completed the authentication system implementation 

(see auth-system-spec.md). Now implementing the user dashboard 

with the following requirements..."



"Should this be a microservice or part of the monolith?"

"How will this component handle 10x traffic growth?"

"What are the data consistency requirements?"

"How will this integrate with our existing authentication system?"

Implementation Process:

1. System Design First: Define boundaries, data models, API contracts

2. Integration Planning: Map all external dependencies and data flows  

3. AI Implementation: Let coding agents handle the mechanics

4. Architecture Validation: Review for scalability and maintainability

From Writing Code to Writing Specifications  

Specification-Driven Development Process:

Step 1: Requirements Analysis

Step 2: API Contract Design

# User Authentication System Specification

## Business Requirements

- Support email/password and OAuth authentication

- Enable role-based access control (Admin, User, Guest)  
- Provide secure session management

- Support password reset functionality

## Technical Requirements  
- JWT token-based authentication

- Token refresh mechanism (15min access, 7day refresh)

- Redis-based session storage

- Rate limiting for security endpoints

- Comprehensive audit logging

// Authentication API Specification

interface AuthAPI {

  // Login endpoint
  POST /api/auth/login
  Request: { email: string, password: string }
  Response: { accessToken: string, refreshToken: string, user: UserProfile }
  
  // Token refresh endpoint  
  POST /api/auth/refresh
  Request: { refreshToken: string }



Step 3: Implementation with AI Agent

Quality Control Fundamentals  

Review Everything - Active Engagement Protocol  

Code Review Checklist:

Logic Validation: Does each function make sense?

Error Handling: Are edge cases properly managed?

Security Review: Input validation, authentication, authorization

Performance Analysis: Algorithm efficiency, database queries

Maintainability: Code clarity, documentation, test coverage

When Something Feels Off:

1. Stop immediately - Don't proceed with unclear code

2. Ask for explanation - "Walk me through this implementation"  

3. Request alternatives - "What other approaches did you consider?"

4. Validate assumptions - "What assumptions are you making here?"

Catch Shortcuts Early  

  Response: { accessToken: string }
  
  // Logout endpoint
  POST /api/auth/logout  
  Request: { refreshToken: string }
  Response: { success: boolean }
}

Based on the authentication system specification in `auth-system-spec.md`, 

implement the JWT-based authentication system with the following components:

1. Authentication middleware for Express.js

2. User service with bcrypt password hashing

3. JWT token generation and validation utilities  
4. Redis session management

5. Rate limiting middleware

6. Comprehensive error handling

7. Unit tests for all authentication flows

Follow the exact API contracts defined in the specification.

Implement proper security headers and CSRF protection.

Include detailed logging for security audit trails.



Common AI Shortcuts to Watch For:

TypeScript Any Types:

Test Avoidance:

Technical Debt Management  

AI-Generated Debt Patterns:

Duplicate type definitions across multiple files

Over-engineered abstractions for simple problems  

 // AI shortcut - avoiding complex typing

function processUserData(data: any): any {

  return data.user.profile.settings;
}

 // Proper typing

interface UserData {

  user: {
    profile: {
      settings: UserSettings;
    };
  };

}

function processUserData(data: UserData): UserSettings {

  return data.user.profile.settings;
}

 // Tests commented out due to complexity

// describe('User authentication', () => {

//   it.skip('should validate JWT tokens', () => {
//     // TODO: Fix this test later
//   });
// });

 // Proper test implementation

describe('User authentication', () => {

  it('should validate JWT tokens', async () => {
    const token = generateTestJWT();
    const result = await validateToken(token);
    expect(result.valid).toBe(true);
    expect(result.payload.userId).toBeDefined();
  });

});



Inconsistent patterns when AI lacks system context

Abandoned code from failed approaches

Dependencies added but never fully utilized

Weekly Cleanup Protocol:

Collaboration Strategies with AI Agents  

Be Exact and Specific  

Precision Prompting Examples:

 Vague: "Implement user authentication"

 Specific: 

# 1. Identify duplicate patterns

grep -r "interface User" src/ --include="*.ts"

# 2. Find unused imports

npx unimport

# 3. Analyze bundle size impact  
npx webpack-bundle-analyzer dist/main.js

# 4. Review recent AI-generated changes

git log --since="1 week ago" --grep="Claude" --oneline

Build JWT-based authentication with these exact requirements:

Technical Stack:

- Express.js middleware with TypeScript

- bcrypt for password hashing (cost factor: 12)

- JWT access tokens (15min expiry) + refresh tokens (7 days)

- Redis for refresh token storage with automatic cleanup

Security Requirements:  
- Rate limiting: 5 attempts per 15 minutes per IP

- CSRF protection with double-submit cookies

- Secure HTTP headers (helmet.js integration)

- Input validation using Joi schemas

API Endpoints:

- POST /api/auth/login - Email/password authentication

- POST /api/auth/refresh - Token refresh mechanism  
- POST /api/auth/logout - Secure logout with token invalidation



Request Explanations  

Standard Explanation Requests:

"Why did you choose this pattern over alternatives like X or Y?"

"What are the tradeoffs of this approach in terms of performance and maintainability?"  

"How does this handle edge cases like network failures or invalid input?"

"What assumptions are you making about the existing system architecture?"

"Walk me through the data flow from request to response"

Multi-LLM Validation Workflow  

Critical Decision Validation Process:

Step 1: Primary AI Agent Creates Solution

Step 2: Secondary AI Validates Approach  

Step 3: Cross-Validation Analysis

Error Handling:

- Return 401 for expired tokens with clear error codes

- Return 429 for rate limit exceeded

- Log all authentication attempts for security audit

Integration:

- Middleware validates tokens on all /api routes except /api/auth/*

- Use existing User model from src/models/User.ts

- Integrate with current database connection in src/db/connection.ts

Claude Code: Design a microservices architecture for our e-commerce platform

with the following services: User Management, Product Catalog, Order Processing, 

Payment Processing, and Inventory Management.

GPT-4: Review this microservices design for an e-commerce platform. 

What potential issues do you see? What alternative approaches should 

be considered? Focus on:

- Data consistency challenges

- Inter-service communication patterns  
- Deployment and operational complexity

- Cost implications



Workflow Optimization  

Plan-First Approach  

Feature Development Planning Template:

1. Create Detailed Plan

Compare recommendations from both AI systems:

- Where do they agree? (High confidence areas)

- Where do they differ? (Areas requiring human judgment)

- What additional considerations were raised?

- Which approach better fits our team size and technical constraints?

# Feature: Real-time Order Status Updates

## Overview

Implement WebSocket-based real-time order status updates for customers 

tracking their e-commerce orders.

## Implementation Phases

### Phase 1: Infrastructure Setup (2 days)

- [ ] Set up WebSocket server with Socket.io

- [ ] Configure Redis pub/sub for message distribution  
- [ ] Create WebSocket authentication middleware

- [ ] Set up connection pooling and scaling strategy

### Phase 2: Backend Integration (3 days)  
- [ ] Integrate order status changes with WebSocket events

- [ ] Create order update event publishers in existing services

- [ ] Implement connection management (join/leave order rooms)

- [ ] Add comprehensive error handling and reconnection logic

### Phase 3: Frontend Implementation (2 days)

- [ ] Create React WebSocket connection hook

- [ ] Implement real-time order status components

- [ ] Add loading states and connection indicators  
- [ ] Handle offline/online scenarios gracefully

### Phase 4: Testing & Deployment (1 day)

- [ ] End-to-end testing of real-time updates

- [ ] Load testing for concurrent connections

- [ ] Deployment with zero-downtime strategy

- [ ] Monitoring and alerting setup

## Risk Mitigation

- **Connection scaling**: Use Redis for horizontal WebSocket scaling



2. Track Progress Systematically

Context Management Strategy  

Context Boundary Management:

Session Separation Rules:

New conversation for each major feature or component

Fresh context when switching between frontend/backend work  

Clean start after completing a major refactoring task

Context Setter Template:

4. DSPy Framework Implementation  

Philosophy: Programming, Not Prompting  

Core Insight: DSPy treats LLM tasks as programming rather than manual prompting, using standard building 
blocks to create modular AI applications.

- **Message ordering**: Implement sequence numbers for order updates

- **Fallback strategy**: Polling fallback if WebSocket connection fails

# Update plan file after each milestone

echo "  Phase 1 Complete: WebSocket server setup" >> order-updates-plan.md

# Review progress weekly

grep -E " | " order-updates-plan.md

Context: We just completed Phase 1 of the real-time order updates feature 

(see order-updates-plan.md). The WebSocket server is running with Redis 

pub/sub integration.

Current Status:

- WebSocket server configured with Socket.io

- Redis pub/sub message distribution working

- Authentication middleware implemented

Next Phase: Backend Integration  
- Need to integrate existing order services with WebSocket events

- Focus on order status change publishers

- Implement room-based connection management

Please proceed with Phase 2 implementation following the detailed plan.



DSPy Architecture Components  

1. Language Model Configuration  

2. Signature Definitions  

Inline Signatures (Simple Tasks):

Class-Based Signatures (Complex Tasks):

import dspy

# Local model setup (Ollama)

llm = dspy.LM('ollama_chat/llama3.2', 

              api_base='http://localhost:11434', 
              api_key='', 
              temperature=0.3)

# OpenAI setup  
# llm = dspy.LM('openai/gpt-4', api_key='your-key')

# Anthropic setup

# llm = dspy.LM('anthropic/claude-3-sonnet', api_key='your-key')

# Configure as default for application

dspy.configure(lm=llm)

# Basic question-answering

simple_model = dspy.Predict("question -> answer: int")

# Multi-output signature

analysis_model = dspy.Predict("text -> sentiment: str, confidence: float")

from typing import Literal, List

class NPSTopicClassification(dspy.Signature):

    """Classify customer feedback into specific NPS topic categories"""
    
    comment: str = dspy.InputField()
    topics: List[Literal[
        'Slow or Unreliable Shipping',
        'Inaccurate Product Descriptions or Photos', 
        'Limited Size or Shade Availability',
        'Unresponsive or Generic Customer Support',
        'Website or App Bugs',
        'Confusing Loyalty or Discount Systems',
        'Complicated Returns or Exchanges',



3. DSPy Modules  

Available Modules:

dspy.Predict  - Basic predictor for direct input-output mapping

dspy.ChainOfThought  - Step-by-step reasoning before final answer

dspy.ReAct  - Agent that can use tools and reason iteratively

Basic Prediction Example:

Chain of Thought Enhancement:

Building Agentic Workflows with Tools  

Tool Integration Setup  

        'Customs and Import Charges',
        'Difficult Product Discovery',
        'Damaged or Incorrect Items'
    ]] = dspy.OutputField()

# Simple mathematical reasoning

math_model = dspy.Predict("question -> answer: int")

result = math_model(

    question="I have 5 different balls and randomly select 4. "
             "How many possible combinations can I get?"
)

print(result.answer)  # Output: varies based on model capability

# Add reasoning capability

dspy.configure(adapter=dspy.JSONAdapter())

cot_model = dspy.ChainOfThought("question -> answer: int")

result = cot_model(

    question="I have 25 different balls and randomly select 9. "
             "How many possible combinations can I get?"
)

print(f"Reasoning: {result.reasoning}")

print(f"Answer: {result.answer}")

from dspy import PythonInterpreter

def evaluate_math(expr: str) -> str:

    """Execute Python code and return result as string"""



Advanced Tool Implementation  

    with PythonInterpreter() as interp:
        return interp(expr)

# Create agent with mathematical capabilities

react_model = dspy.ReAct(

    signature="question -> answer: int",
    tools=[evaluate_math]
)

response = react_model(

    question="Calculate the number of combinations when selecting "
             "9 items from 25 different items"
)

print(f"Final Answer: {response.answer}")

print(f"Reasoning Trajectory: {response.trajectory}")

# Multiple specialized tools

def web_search(query: str) -> str:

    """Search the web for current information"""
    # Implementation would use actual search API
    return f"Search results for: {query}"

def database_query(sql: str) -> str:

    """Execute database query safely"""
    # Implementation would use actual database connection
    return f"Query results: {sql}"

def file_operations(operation: str, path: str, content: str = "") -> str:

    """Handle file read/write operations"""
    if operation == "read":
        try:
            with open(path, 'r') as f:
                return f.read()
        except FileNotFoundError:
            return f"File {path} not found"
    elif operation == "write":
        with open(path, 'w') as f:
            f.write(content)
        return f"Content written to {path}"

# Multi-tool agent

research_agent = dspy.ReAct(

    signature="research_question -> comprehensive_answer: str",
    tools=[web_search, database_query, file_operations]
)



DSPy Optimization Framework  

Optimization Components  

1. Training Data Preparation:

2. Custom Metric Definition:

import random

import dspy

# Prepare training examples

trainset = []

valset = []

for record in training_data:

    example = dspy.Example(
        comment=record['comment'],
        answer=record['topics']
    ).with_inputs('comment')
    
    if random.random() <= 0.7:  # 70% training, 30% validation
        trainset.append(example)
    else:
        valset.append(example)

print(f"Training examples: {len(trainset)}")

print(f"Validation examples: {len(valset)}")

def list_exact_match(example, pred, trace=None):

    """Custom metric for comparing lists of topics"""
    try:
        pred_answer = pred.answer
        expected_answer = example.answer
        
        # Convert to sets for order-independent comparison
        if isinstance(pred_answer, list) and isinstance(expected_answer, list):
            return set(pred_answer) == set(expected_answer)
        else:
            return pred_answer == expected_answer
    except Exception as e:
        print(f"Error in metric: {e}")
        return False

# Alternative metrics

def partial_match_score(example, pred, trace=None):



3. Optimization Execution:

    """Calculate partial match score for multi-label classification"""
    try:
        pred_set = set(pred.answer) if isinstance(pred.answer, list) else {pred.answer}
        true_set = set(example.answer) if isinstance(example.answer, list) else 
{example.answer}

        
        if len(true_set) == 0:
            return 1.0 if len(pred_set) == 0 else 0.0
        
        intersection = pred_set.intersection(true_set)
        union = pred_set.union(true_set)
        
        # Jaccard similarity
        return len(intersection) / len(union) if len(union) > 0 else 0.0
    except:
        return 0.0

# MIPROv2 Optimizer (Advanced)

optimizer = dspy.MIPROv2(

    metric=list_exact_match,
    auto="light",           # Options: "light", "medium", "heavy"
    num_threads=8,          # Parallel processing
    init_temperature=1.0    # Creativity in instruction generation
)

# Execute optimization (can take 60-90 minutes)

optimized_model = optimizer.compile(

    program=nps_topic_model,
    trainset=trainset,
    valset=valset,
    requires_permission_to_run=False,
    provide_traceback=True
)

# Alternative: Simpler Few-Shot Optimizer

simple_optimizer = dspy.BootstrapFewShotWithRandomSearch(

    metric=list_exact_match,
    num_threads=8,
    max_bootstrapped_demos=10
)

few_shot_model = simple_optimizer.compile(

    program=nps_topic_model,
    trainset=trainset,
    valset=valset
)



Production Implementation Patterns  

Complete Business Application Example  

import dspy

from typing import List, Literal

import mlflow

# MLflow observability setup

mlflow.set_tracking_uri("http://127.0.0.1:5000")

mlflow.set_experiment("Production-NPS-Classification")

mlflow.dspy.autolog()

class ProductFeedbackClassifier:

    """Production-ready feedback classification system"""
    
    def __init__(self, model_path: str = None):
        # Initialize language model
        self.llm = dspy.LM(
            'anthropic/claude-3-sonnet',
            api_key=os.getenv('ANTHROPIC_API_KEY')
        )
        dspy.configure(lm=self.llm)
        
        if model_path and os.path.exists(model_path):
            self.model = self.load_model(model_path)
        else:
            self.model = self._create_base_model()
    
    def _create_base_model(self):
        """Create base classification model"""
        signature = self._create_classification_signature()
        return dspy.ChainOfThought(signature)
    
    def _create_classification_signature(self):
        """Define classification signature with business-specific categories"""
        class FeedbackClassification(dspy.Signature):
            """Classify customer feedback into actionable business categories
            
            Focus on identifying specific, actionable issues that the product
            and engineering teams can address to improve customer satisfaction.
            """
            
            feedback_text: str = dspy.InputField()
            primary_category: Literal[
                'Product Quality Issues',
                'Shipping and Logistics',  



                'Website/App User Experience',
                'Customer Service Quality',
                'Pricing and Value Concerns',
                'Product Discovery and Search',
                'Account and Payment Issues'
            ] = dspy.OutputField()
            
            severity_level: Literal['Low', 'Medium', 'High', 'Critical'] = dspy.OutputField()
            actionable_insights: List[str] = dspy.OutputField()
            confidence_score: float = dspy.OutputField()
        
        return FeedbackClassification
    
    def classify_feedback(self, feedback_text: str) -> dict:
        """Classify single feedback item"""
        try:
            result = self.model(feedback_text=feedback_text)
            
            return {
                'primary_category': result.primary_category,
                'severity_level': result.severity_level,
                'actionable_insights': result.actionable_insights,
                'confidence_score': result.confidence_score,
                'reasoning': getattr(result, 'reasoning', '')
            }
        except Exception as e:
            return {
                'error': str(e),
                'primary_category': 'Classification Failed',
                'severity_level': 'Unknown',
                'actionable_insights': [],
                'confidence_score': 0.0
            }
    
    def batch_classify(self, feedback_list: List[str]) -> List[dict]:
        """Process multiple feedback items efficiently"""
        results = []
        for feedback in feedback_list:
            result = self.classify_feedback(feedback)
            results.append(result)
        return results
    
    def optimize_model(self, training_data: List[dict]):
        """Optimize model using training data"""
        # Prepare training examples
        trainset = []
        for item in training_data:
            example = dspy.Example(
                feedback_text=item['text'],



                primary_category=item['category'],
                severity_level=item['severity'],
                actionable_insights=item['insights'],
                confidence_score=item['confidence']
            ).with_inputs('feedback_text')
            trainset.append(example)
        
        # Split for validation
        split_idx = int(0.8 * len(trainset))
        train_subset = trainset[:split_idx]
        val_subset = trainset[split_idx:]
        
        # Define optimization metric
        def business_metric(example, pred, trace=None):
            """Custom metric prioritizing business impact"""
            category_match = (pred.primary_category == example.primary_category)
            severity_match = (pred.severity_level == example.severity_level)
            
            # Weight category accuracy more heavily
            score = (category_match * 0.6) + (severity_match * 0.4)
            return score
        
        # Execute optimization
        optimizer = dspy.MIPROv2(
            metric=business_metric,
            auto="medium",
            num_threads=4
        )
        
        self.model = optimizer.compile(
            program=self.model,
            trainset=train_subset,
            valset=val_subset
        )
        
        return self.model
    
    def save_model(self, path: str):
        """Save optimized model"""
        self.model.save(path)
    
    def load_model(self, path: str):
        """Load pre-trained model"""
        return dspy.load(path)

# Usage example

classifier = ProductFeedbackClassifier()

# Single classification



DSPy Best Practices  

1. Caching Configuration  

2. Error Handling and Validation  

feedback = """

The checkout process was incredibly confusing. I tried to apply my 

discount code three times but it kept saying 'invalid code' even though 

I just received it via email. Finally gave up and paid full price. 

Very frustrating experience.

"""

result = classifier.classify_feedback(feedback)

print(f"Category: {result['primary_category']}")

print(f"Severity: {result['severity_level']}")  
print(f"Insights: {result['actionable_insights']}")

# Disable caching for development/testing

dspy.configure_cache(enable_memory_cache=False, enable_disk_cache=False)

# Module-specific cache control

math_model = dspy.Predict("question -> answer: float", cache=False)

class RobustDSPyApplication:

    def __init__(self):
        self.model = dspy.ChainOfThought("input -> output")
        self.retry_limit = 3
    
    def safe_predict(self, input_text: str) -> dict:
        """Execute prediction with comprehensive error handling"""
        for attempt in range(self.retry_limit):
            try:
                result = self.model(input=input_text)
                
                # Validate result structure
                if not hasattr(result, 'output') or not result.output:
                    raise ValueError("Invalid model output structure")
                
                # Additional validation logic
                if not self._validate_output(result.output):
                    raise ValueError("Output failed validation checks")
                
                return {
                    'success': True,
                    'result': result.output,
                    'reasoning': getattr(result, 'reasoning', ''),



3. Performance Monitoring  

                    'attempt': attempt + 1
                }
                
            except Exception as e:
                if attempt == self.retry_limit - 1:  # Last attempt
                    return {
                        'success': False,
                        'error': str(e),
                        'attempts': self.retry_limit
                    }
                
                # Wait before retry
                time.sleep(2 ** attempt)  # Exponential backoff
        
        return {'success': False, 'error': 'Max retries exceeded'}
    
    def _validate_output(self, output: str) -> bool:
        """Custom validation logic"""
        return len(output.strip()) > 0 and len(output) < 5000

import time

from contextlib import contextmanager

@contextmanager

def dspy_performance_monitor(operation_name: str):

    """Monitor DSPy operation performance"""
    start_time = time.time()
    start_tokens = dspy.get_token_count() if hasattr(dspy, 'get_token_count') else 0
    
    try:
        yield
    finally:
        end_time = time.time()
        end_tokens = dspy.get_token_count() if hasattr(dspy, 'get_token_count') else 0
        
        duration = end_time - start_time
        token_usage = end_tokens - start_tokens
        
        print(f"Operation: {operation_name}")
        print(f"Duration: {duration:.2f}s")
        print(f"Tokens Used: {token_usage}")
        print(f"Tokens/Second: {token_usage/duration:.2f}")

# Usage

with dspy_performance_monitor("Feedback Classification"):

    result = classifier.classify_feedback(feedback_text)



5. MCP Server Integration  

MCP (Model Context Protocol) Overview  

Purpose: Extend Claude's capabilities with external tools, databases, and services through standardized server 
connections.

Basic MCP Server Management  

Server Configuration Commands  

Project-Specific MCP Configuration  

Create .mcp.json  in project root:

# List current MCP servers

claude mcp list

# Add HTTP-based MCP server  
claude mcp add --transport http context7 https://api.context7.com

# Add local MCP server

claude mcp add --transport stdio local-db ./db-mcp-server.js

# Remove MCP server

claude mcp remove context7

# Test MCP server connection

claude mcp test context7

{

  "mcpServers": {
    "context7": {
      "command": "http",
      "args": ["https://api.context7.com"],
      "env": {
        "API_KEY": "${CONTEXT7_API_KEY}"
      }
    },
    "github": {
      "command": "gh", 
      "args": ["api"],
      "env": {
        "GH_TOKEN": "${GITHUB_TOKEN}"
      }



Essential MCP Server Integrations  

1. Context7 - Documentation Provider  

Purpose: Provides up-to-date documentation for frameworks and libraries

Use Cases:

Latest API documentation for React, Next.js, Vue.js

Framework migration guides and best practices

Library-specific implementation patterns

Integration Example:

Usage:

2. GitHub CLI Integration  

Purpose: Repository management, PR creation, issue tracking

    },
    "supabase": {
      "command": "supabase",
      "args": ["--project-ref", "${SUPABASE_PROJECT_REF}"],
      "env": {
        "SUPABASE_ACCESS_TOKEN": "${SUPABASE_ACCESS_TOKEN}"
      }
    },
    "postgres": {
      "command": "psql",
      "args": ["-h", "localhost", "-U", "postgres", "-d", "myapp"],
      "env": {
        "PGPASSWORD": "${POSTGRES_PASSWORD}"
      }
    }
  }

}

claude mcp add --transport http context7 https://api.context7.com

Query: "Show me the latest Next.js 14 App Router documentation for server components"

Claude (with Context7): [Retrieves current Next.js 14 documentation]

- Server Components run on the server and can directly access databases

- Use async/await in Server Components for data fetching  
- Server Components cannot use browser-only APIs like useState or useEffect

[... current, accurate documentation]



Setup:

Capabilities:

3. Database Integration  

PostgreSQL MCP Server Setup:

Database Capabilities:

# Install GitHub CLI (if not already installed)

brew install gh  # macOS
# or

curl -fsSL https://cli.github.com/packages/githubcli-archive-keyring.gpg | sudo dd 

of=/usr/share/keyrings/githubcli-archive-keyring.gpg

# Authenticate

gh auth login

# Add to MCP (usually auto-detected if gh is installed)

claude mcp add --transport stdio github gh

# Repository operations

"Create a new repository called 'ai-project-template' with Node.js gitignore"

# Pull request management  
"Create a pull request for the current branch with title 'Add authentication system' and 

description from the commit messages"

# Issue management

"List all open issues labeled 'bug' and 'high-priority'"

# Code review

"Add review comments to PR #123 focusing on security considerations"

{

  "mcpServers": {
    "postgres": {
      "command": "pgcli", 
      "args": ["-h", "localhost", "-U", "postgres", "-d", "production_db"],
      "env": {
        "PGPASSWORD": "${POSTGRES_PASSWORD}"
      }
    }
  }

}



4. Supabase Integration  

Setup:

MCP Configuration:

Supabase Capabilities:

-- Schema analysis

"Analyze the database schema and suggest optimizations for the users and orders tables"

-- Query generation  
"Generate a query to find all customers who haven't placed an order in the last 30 days"

-- Performance analysis

"Explain the query plan for the user dashboard query and suggest index improvements"

-- Data migration

"Create a migration script to add email verification fields to the users table"

# Install Supabase CLI

npm install -g supabase

# Login to Supabase

supabase login

# Link project

supabase link --project-ref your-project-ref

{

  "mcpServers": {
    "supabase": {
      "command": "supabase",
      "args": ["--project-ref", "abcdefghijklmnopqrst"],
      "env": {
        "SUPABASE_ACCESS_TOKEN": "${SUPABASE_ACCESS_TOKEN}"
      }
    }
  }

}



Custom MCP Server Development  

Basic MCP Server Structure  

# Database management

"Create a new table for user profiles with RLS policies"

# Real-time subscriptions

"Set up real-time subscriptions for order status changes"

# Edge Functions

"Deploy an edge function for processing webhooks from Stripe"

# Authentication

"Configure OAuth with Google and GitHub providers"

// custom-mcp-server.js

#!/usr/bin/env node

const { Server } = require('@modelcontextprotocol/sdk/server/index.js');

const { StdioServerTransport } = require('@modelcontextprotocol/sdk/server/stdio.js');

class CustomMCPServer {

  constructor() {
    this.server = new Server(
      {
        name: "custom-business-server",
        version: "0.1.0",
      },
      {
        capabilities: {
          tools: {},
        },
      }
    );
    
    this.setupTools();
  }

  setupTools() {
    // Customer data tool
    this.server.setRequestHandler('tools/call', async (request) => {
      const { name, arguments: args } = request.params;
      
      switch (name) {
        case 'get_customer_data':
          return this.getCustomerData(args.customer_id);



        case 'update_order_status':
          return this.updateOrderStatus(args.order_id, args.status);
        case 'generate_report':
          return this.generateReport(args.report_type, args.date_range);
        default:
          throw new Error(`Unknown tool: ${name}`);
      }
    });

    this.server.setRequestHandler('tools/list', async () => {
      return {
        tools: [
          {
            name: 'get_customer_data',
            description: 'Retrieve customer information by ID',
            inputSchema: {
              type: 'object',
              properties: {
                customer_id: {
                  type: 'string',
                  description: 'Unique customer identifier'
                }
              },
              required: ['customer_id']
            }
          },
          {
            name: 'update_order_status', 
            description: 'Update order status in system',
            inputSchema: {
              type: 'object',
              properties: {
                order_id: { type: 'string' },
                status: { 
                  type: 'string',
                  enum: ['pending', 'processing', 'shipped', 'delivered', 'cancelled']
                }
              },
              required: ['order_id', 'status']
            }
          },
          {
            name: 'generate_report',
            description: 'Generate business reports',
            inputSchema: {
              type: 'object', 
              properties: {
                report_type: {
                  type: 'string',



                  enum: ['sales', 'customers', 'inventory', 'performance']
                },
                date_range: { type: 'string' }
              },
              required: ['report_type']
            }
          }
        ]
      };
    });
  }

  async getCustomerData(customerId) {
    // Implementation would connect to your customer database
    try {
      const customer = await this.database.customers.findById(customerId);
      return {
        content: [{
          type: 'text',
          text: JSON.stringify({
            id: customer.id,
            name: customer.name,
            email: customer.email,
            total_orders: customer.orders.length,
            lifetime_value: customer.lifetime_value,
            last_order_date: customer.last_order_date
          }, null, 2)
        }]
      };
    } catch (error) {
      return {
        content: [{
          type: 'text', 
          text: `Error retrieving customer data: ${error.message}`
        }],
        isError: true
      };
    }
  }

  async updateOrderStatus(orderId, status) {
    try {
      await this.database.orders.updateStatus(orderId, status);
      
      // Trigger notifications if needed
      if (status === 'shipped') {
        await this.notificationService.sendShippingNotification(orderId);
      }
      



      return {
        content: [{
          type: 'text',
          text: `Order ${orderId} status updated to ${status}`
        }]
      };
    } catch (error) {
      return {
        content: [{
          type: 'text',
          text: `Error updating order: ${error.message}`
        }],
        isError: true
      };
    }
  }

  async generateReport(reportType, dateRange) {
    try {
      const report = await this.reportingService.generate(reportType, dateRange);
      
      return {
        content: [{
          type: 'text',
          text: `# ${reportType.toUpperCase()} Report (${dateRange})

${report.summary}

## Key Metrics

${Object.entries(report.metrics).map(([key, value]) => `- ${key}: ${value}`).join('\n')}

## Detailed Data

${JSON.stringify(report.data, null, 2)}`

        }]
      };
    } catch (error) {
      return {
        content: [{
          type: 'text',
          text: `Error generating report: ${error.message}`
        }],
        isError: true
      };
    }
  }

  async start() {
    const transport = new StdioServerTransport();
    await this.server.connect(transport);



MCP Server Deployment  

1. Local Development Setup:

2. Production Deployment:

MCP Server Chaining and Orchestration  

Advanced MCP Workflow  

    console.error("Custom MCP Server running on stdio");
  }

}

// Start server

const server = new CustomMCPServer();

server.start().catch(console.error);

# Make server executable

chmod +x custom-mcp-server.js

# Add to Claude Code MCP configuration

claude mcp add --transport stdio custom-business ./custom-mcp-server.js

# Dockerfile for MCP Server

FROM node:18-alpine

WORKDIR /app

COPY package*.json ./

RUN npm ci --production

COPY custom-mcp-server.js ./

RUN chmod +x custom-mcp-server.js

EXPOSE 3000

CMD ["node", "custom-mcp-server.js"]

# Python script for MCP orchestration

import asyncio

import json

from typing import Dict, List

class MCPOrchestrator:

    """Orchestrate multiple MCP servers for complex workflows"""
    



    def __init__(self, servers: Dict[str, str]):
        self.servers = servers
    
    async def execute_workflow(self, workflow_definition: Dict) -> Dict:
        """Execute multi-step workflow across MCP servers"""
        results = {}
        
        for step in workflow_definition['steps']:
            step_name = step['name']
            server_name = step['server']
            tool_name = step['tool']
            args = step['args']
            
            # Execute step
            result = await self.execute_mcp_call(server_name, tool_name, args)
            results[step_name] = result
            
            # Pass results to next step if needed
            if 'output_mapping' in step:
                for next_step in workflow_definition['steps']:
                    if next_step.get('depends_on') == step_name:
                        self.map_outputs(result, next_step['args'], step['output_mapping'])
        
        return results
    
    async def execute_mcp_call(self, server: str, tool: str, args: Dict) -> Dict:
        """Execute single MCP server call"""
        # Implementation would use actual MCP client
        pass
    
    def map_outputs(self, source_result: Dict, target_args: Dict, mapping: Dict):
        """Map outputs from one step to inputs of another"""
        for source_key, target_key in mapping.items():
            if source_key in source_result:
                target_args[target_key] = source_result[source_key]

# Example workflow definition

customer_analysis_workflow = {

    "name": "comprehensive_customer_analysis",
    "description": "Analyze customer data across multiple systems",
    "steps": [
        {
            "name": "fetch_customer_data",
            "server": "crm",
            "tool": "get_customer_profile",
            "args": {"customer_id": "cust_123"},
            "output_mapping": {
                "customer_email": "email",
                "customer_id": "id"



MCP Security Best Practices  

1. Environment Variable Management  

2. Server Authentication and Authorization  

            }
        },
        {
            "name": "fetch_order_history", 
            "server": "ecommerce",
            "tool": "get_order_history",
            "args": {"customer_id": "cust_123"},
            "depends_on": "fetch_customer_data"
        },
        {
            "name": "analyze_support_tickets",
            "server": "support",
            "tool": "get_customer_tickets",
            "args": {"email": "customer@example.com"},
            "depends_on": "fetch_customer_data"
        },
        {
            "name": "generate_insights",
            "server": "analytics",
            "tool": "customer_insight_analysis",
            "args": {
                "customer_data": "{{fetch_customer_data.result}}",
                "order_data": "{{fetch_order_history.result}}",
                "support_data": "{{analyze_support_tickets.result}}"
            },
            "depends_on": ["fetch_customer_data", "fetch_order_history", 
"analyze_support_tickets"]

        }
    ]
}

# .env file for MCP server credentials

CONTEXT7_API_KEY=your_context7_key

GITHUB_TOKEN=ghp_your_github_token

SUPABASE_ACCESS_TOKEN=sb_your_supabase_token

POSTGRES_PASSWORD=your_postgres_password

DATABASE_URL=postgresql://user:pass@localhost:5432/db

# Load environment variables in MCP configuration

export $(cat .env | xargs)



3. Rate Limiting and Resource Protection  

// MCP Server with authentication

class SecureMCPServer extends CustomMCPServer {

  constructor() {
    super();
    this.authenticatedUsers = new Set();
  }

  async authenticateUser(token) {
    try {
      const decoded = jwt.verify(token, process.env.JWT_SECRET);
      return decoded.userId;
    } catch (error) {
      throw new Error('Invalid authentication token');
    }
  }

  async authorizeAction(userId, action, resource) {
    const permissions = await this.getUserPermissions(userId);
    
    const requiredPermission = `${action}:${resource}`;
    if (!permissions.includes(requiredPermission)) {
      throw new Error(`Insufficient permissions for ${requiredPermission}`);
    }
    
    return true;
  }

  setupTools() {
    // Override parent method to add authentication
    this.server.setRequestHandler('tools/call', async (request) => {
      const authHeader = request.meta?.authorization;
      if (!authHeader) {
        throw new Error('Authentication required');
      }
      
      const userId = await this.authenticateUser(authHeader);
      await this.authorizeAction(userId, 'execute', request.params.name);
      
      // Call parent implementation
      return super.handleToolCall(request);
    });
  }

}

class RateLimitedMCPServer extends SecureMCPServer {

  constructor() {



6. Quality Control & Technical Debt Management  

AI-Generated Code Quality Framework  

1. Review Everything Protocol  

Mandatory Review Checklist:

Logic Validation: Every function's purpose is clear and correct

Error Handling: Edge cases and failures are properly managed

Security Review: Input validation, authentication, authorization

Performance Analysis: Algorithm efficiency and resource usage

Maintainability: Code clarity, documentation, test coverage

Integration Points: APIs, database calls, external dependencies

When Code Feels Wrong - Investigation Process:

    super();
    this.rateLimits = new Map(); // userId -> { calls: number, resetTime: timestamp }
    this.maxCallsPerHour = 100;
  }

  async checkRateLimit(userId) {
    const now = Date.now();
    const userLimit = this.rateLimits.get(userId) || { calls: 0, resetTime: now + 3600000 };
    
    if (now > userLimit.resetTime) {
      // Reset the limit
      userLimit.calls = 0;
      userLimit.resetTime = now + 3600000;
    }
    
    if (userLimit.calls >= this.maxCallsPerHour) {
      throw new Error('Rate limit exceeded. Try again later.');
    }
    
    userLimit.calls++;
    this.rateLimits.set(userId, userLimit);
    
    return true;
  }

}

// Example: AI-generated function that "feels off"

function processUserData(data: any): any {



Proper Review and Refactoring:

  const result = data.users.map(user => {
    if (user.active && user.subscribed) {
      return {
        id: user.id,
        name: user.firstName + " " + user.lastName,
        email: user.email,
        plan: user.subscription.plan
      };
    }
  }).filter(Boolean);

  
  return result;
}

// Red flags identified:

// 1. `any` types - avoid type safety

// 2. No null/undefined checking

// 3. Assumes nested properties exist

// 4. No error handling

interface User {

  id: string;
  firstName?: string;
  lastName?: string;
  email: string;
  active: boolean;
  subscribed: boolean;
  subscription?: {
    plan: string;
  };

}

interface ProcessedUser {

  id: string;
  name: string;
  email: string;
  plan: string;
}

function processUserData(data: { users: User[] }): ProcessedUser[] {

  if (!data?.users || !Array.isArray(data.users)) {
    throw new Error('Invalid input: users array is required');
  }

  return data.users
    .filter((user): user is User => {



2. Technical Debt Detection Patterns  

AI-Specific Debt Indicators:

Type Safety Erosion:

Over-Engineered Abstractions:

      // Type guard with validation
      return Boolean(
        user &&
        typeof user === 'object' &&
        user.id &&
        user.email &&
        user.active &&
        user.subscribed &&
        user.subscription?.plan
      );
    })
    .map((user): ProcessedUser => ({
      id: user.id,
      name: `${user.firstName || ''} ${user.lastName || ''}`.trim(),
      email: user.email,
      plan: user.subscription!.plan // Safe due to filter above
    }));
}

 // Gradual degradation

interface User {

  id: string;
  name: any; // Started as string, became any due to complexity
  metadata: any; // Multiple failed typing attempts
}

 // Proper evolution

interface User {

  id: string;
  name: string;
  metadata: UserMetadata | LegacyMetadata; // Union types for migration
}

 // AI over-engineering simple requirements

abstract class AbstractUserDataProcessorFactory {

  abstract createProcessor(type: string): AbstractUserProcessor;
}

class StandardUserDataProcessorFactory extends AbstractUserDataProcessorFactory {

  createProcessor(type: string): AbstractUserProcessor {



Inconsistent Patterns:

    switch(type) {
      case 'standard':
        return new StandardUserProcessor();
      default:
        throw new Error('Unknown processor type');
    }
  }

}

// For a simple user formatting task

 // Simple, direct solution

function formatUserForDisplay(user: User): DisplayUser {

  return {
    displayName: `${user.firstName} ${user.lastName}`,
    email: user.email,
    joinDate: formatDate(user.createdAt)
  };

}

 // Different approaches in same codebase

// File 1: Promise-based

async function getUserData(id) {

  return await fetch(`/api/users/${id}`).then(res => res.json());
}

// File 2: Callback-based  
function getOrderData(id, callback) {

  fetch(`/api/orders/${id}`)
    .then(res => res.json())
    .then(data => callback(null, data))
    .catch(err => callback(err));
}

 // Consistent async/await pattern

async function getUserData(id: string): Promise<User> {

  const response = await fetch(`/api/users/${id}`);
  if (!response.ok) {
    throw new Error(`Failed to fetch user: ${response.statusText}`);
  }
  return await response.json();
}

async function getOrderData(id: string): Promise<Order> {

  const response = await fetch(`/api/orders/${id}`);
  if (!response.ok) {



3. Automated Debt Detection  

Weekly Technical Debt Audit Script:

Automated Cleanup Tasks:

    throw new Error(`Failed to fetch order: ${response.statusText}`);
  }
  return await response.json();
}

#!/bin/bash

# technical-debt-audit.sh

echo "  Technical Debt Audit - $(date)"

echo "=================================="

echo "  Type Safety Analysis:"

echo "- 'any' types found: $(grep -r ": any" src/ --include="*.ts" | wc -l)"

echo "- TODO comments: $(grep -r "TODO\|FIXME\|HACK" src/ | wc -l)"

echo "  Duplicate Code Detection:"

jsinspect src/ --threshold 30 --ignore "test,spec"

echo "  Bundle Analysis:"

if [ -f "dist/main.js" ]; then

  echo "- Main bundle size: $(du -h dist/main.js | cut -f1)"
fi

echo "  Test Coverage:"

npm run test:coverage | tail -5

echo "  ESLint Issues:"

npx eslint src/ --format=compact | grep -E "(error|warning)" | wc -l

echo "  Dependency Analysis:"

echo "- Total dependencies: $(cat package.json | jq '.dependencies | length')"

echo "- Dev dependencies: $(cat package.json | jq '.devDependencies | length')"

echo "- Unused dependencies:"

npx depcheck --json | jq '.dependencies[]'

echo "  Architecture Violations:"

echo "- Direct database imports in components:"

grep -r "import.*from.*models" src/components/ || echo "  None found "

echo "- Missing error boundaries:"

find src/components -name "*.tsx" | xargs grep -L "ErrorBoundary\|componentDidCatch" | head 

-5



// cleanup-ai-debt.js - Automated technical debt cleanup

const fs = require('fs').promises;

const path = require('path');

class TechnicalDebtCleaner {

  constructor(srcDir = './src') {
    this.srcDir = srcDir;
    this.fixes = [];
  }

  async detectAndFix() {
    console.log('  Starting automated debt cleanup...');

    
    await this.fixConsoleStatements();
    await this.fixUnusedImports();
    await this.standardizeErrorHandling();
    await this.consolidateDuplicateTypes();
    
    console.log(`  Applied ${this.fixes.length} automated fixes`);

    return this.fixes;
  }

  async fixConsoleStatements() {
    const files = await this.findFiles(/\.(ts|tsx|js|jsx)$/);
    
    for (const file of files) {
      const content = await fs.readFile(file, 'utf8');
      const fixed = content.replace(
        /console\.(log|debug|info)\([^)]*\);?\n?/g,
        '// Debug statement removed\n'
      );
      
      if (content !== fixed) {
        await fs.writeFile(file, fixed);
        this.fixes.push(`Removed console statements from ${file}`);
      }
    }
  }

  async fixUnusedImports() {
    // Implementation would use AST parsing to detect unused imports
    const files = await this.findFiles(/\.(ts|tsx)$/);
    
    for (const file of files) {
      // Use @typescript-eslint/eslint-plugin rules programmatically
      // or integrate with existing linting tools
    }
  }



4. Quality Gates and Continuous Monitoring  

  async standardizeErrorHandling() {
    const files = await this.findFiles(/\.(ts|tsx)$/);
    
    for (const file of files) {
      const content = await fs.readFile(file, 'utf8');
      
      // Replace inconsistent error handling patterns
      const standardized = content
        .replace(/catch\s*\(\s*e\s*\)/g, 'catch (error)')
        .replace(/catch\s*\(\s*err\s*\)/g, 'catch (error)')
        .replace(/throw new Error\(`([^`]+)`\)/g, 'throw new Error("$1")');
      
      if (content !== standardized) {
        await fs.writeFile(file, standardized);
        this.fixes.push(`Standardized error handling in ${file}`);
      }
    }
  }

  async findFiles(pattern) {
    const files = [];
    
    const walk = async (dir) => {
      const entries = await fs.readdir(dir, { withFileTypes: true });
      
      for (const entry of entries) {
        const fullPath = path.join(dir, entry.name);
        
        if (entry.isDirectory() && !entry.name.startsWith('.') && entry.name !== 
'node_modules') {

          await walk(fullPath);
        } else if (entry.isFile() && pattern.test(entry.name)) {
          files.push(fullPath);
        }
      }
    };
    
    await walk(this.srcDir);
    return files;
  }

}

// Usage

const cleaner = new TechnicalDebtCleaner();

cleaner.detectAndFix();



Pre-commit Quality Checks:

Quality Metrics Dashboard:

// package.json - Quality gates

{

  "husky": {
    "hooks": {
      "pre-commit": "lint-staged && npm run type-check && npm run test:unit"
    }
  },

  "lint-staged": {
    "*.{ts,tsx}": [
      "eslint --fix",
      "prettier --write",
      "git add"
    ]
  },

  "scripts": {
    "type-check": "tsc --noEmit",
    "lint": "eslint src/ --ext .ts,.tsx --max-warnings 0",
    "test:unit": "jest --coverage --coverageThreshold='{\"global\":
{\"branches\":80,\"functions\":80,\"lines\":80,\"statements\":80}}'",

    "debt-audit": "./scripts/technical-debt-audit.sh"
  }

}

// quality-metrics.js - Generate quality dashboard

const fs = require('fs');

const { execSync } = require('child_process');

class QualityMetricsDashboard {

  generateReport() {
    const metrics = {
      timestamp: new Date().toISOString(),
      codeQuality: this.getCodeQualityMetrics(),
      testCoverage: this.getTestCoverageMetrics(),
      performance: this.getPerformanceMetrics(),
      technicalDebt: this.getTechnicalDebtMetrics()
    };

    const report = this.generateHTML(metrics);
    fs.writeFileSync('quality-dashboard.html', report);
    console.log('  Quality dashboard generated: quality-dashboard.html');

  }

  getCodeQualityMetrics() {



    try {
      const eslintOutput = execSync('npx eslint src/ --format json', { encoding: 'utf8' });
      const results = JSON.parse(eslintOutput);
      
      return {
        totalFiles: results.length,
        totalErrors: results.reduce((sum, file) => sum + file.errorCount, 0),
        totalWarnings: results.reduce((sum, file) => sum + file.warningCount, 0),
        score: this.calculateQualityScore(results)
      };
    } catch (error) {
      return { error: 'Failed to analyze code quality' };
    }
  }

  getTechnicalDebtMetrics() {
    const srcFiles = execSync('find src/ -name "*.ts" -o -name "*.tsx"', { encoding: 'utf8' 
}).split('\n').filter(Boolean);

    
    const anyTypes = execSync('grep -r ": any" src/ --include="*.ts" --include="*.tsx" | wc -
l', { encoding: 'utf8' }).trim();

    const todoComments = execSync('grep -r "TODO\\|FIXME\\|HACK" src/ | wc -l', { encoding: 
'utf8' }).trim();

    
    return {
      totalFiles: srcFiles.length,
      anyTypeUsage: parseInt(anyTypes),
      todoComments: parseInt(todoComments),
      debtRatio: (parseInt(anyTypes) + parseInt(todoComments)) / srcFiles.length
    };
  }

  generateHTML(metrics) {
    return `
<!DOCTYPE html>

<html>

<head>

  <title>Code Quality Dashboard</title>
  <style>
    body { font-family: Arial, sans-serif; margin: 40px; }
    .metric-card { 
      border: 1px solid #ddd; 
      border-radius: 8px; 
      padding: 20px; 
      margin: 20px 0; 
      background: #f9f9f9; 
    }
    .metric-value { font-size: 2em; font-weight: bold; color: #2c3e50; }
    .metric-label { color: #7f8c8d; margin-top: 5px; }



7. Team Collaboration Strategies  

Documentation as Code Architecture  

Strategic CLAUDE.md Management  

Team-Wide Documentation Structure:

    .good { color: #27ae60; }
    .warning { color: #f39c12; }
    .danger { color: #e74c3c; }
  </style>
</head>

<body>

  <h1>  Code Quality Dashboard</h1>

  <p>Generated: ${metrics.timestamp}</p>
  
  <div class="metric-card">
    <h3>Code Quality</h3>
    <div class="metric-value ${metrics.codeQuality.totalErrors > 0 ? 'danger' : 'good'}">
      ${metrics.codeQuality.totalErrors || 0}
    </div>
    <div class="metric-label">ESLint Errors</div>
  </div>

  <div class="metric-card">
    <h3>Technical Debt</h3>
    <div class="metric-value ${metrics.technicalDebt.debtRatio > 0.1 ? 'danger' : 'good'}">
      ${(metrics.technicalDebt.debtRatio * 100).toFixed(1)}%
    </div>
    <div class="metric-label">Debt Ratio</div>
  </div>

  <div class="metric-card">
    <h3>Type Safety</h3>
    <div class="metric-value ${metrics.technicalDebt.anyTypeUsage > 10 ? 'warning' : 
'good'}">

      ${metrics.technicalDebt.anyTypeUsage}
    </div>
    <div class="metric-label">Any Types Used</div>
  </div>
</body>

</html>`;

  }

}

new QualityMetricsDashboard().generateReport();
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# Project: Enterprise E-commerce Platform

## Team Context

- **Tech Lead**: Alice Chen (architecture decisions, system design)

- **Senior Engineers**: Bob Rodriguez (backend), Carol Kim (frontend) 

- **Product Manager**: David Park (requirements, priorities)

- **DevOps**: Elena Petrov (infrastructure, deployments)

## Current Sprint Focus

- Priority 1: Real-time inventory tracking system

- Priority 2: Payment gateway integration

- Priority 3: Mobile app performance optimization

## Architecture Overview

## Development Guidelines

### Code Standards

- **Language**: TypeScript for all new code (JavaScript only for legacy)

- **React Patterns**: Functional components with hooks, custom hooks for logic reuse

- **State Management**: React Query for server state, Zustand for client state

- **Styling**: Tailwind CSS with component-based design system

- **Testing**: Jest + React Testing Library (minimum 80% coverage)

### AI Development Protocol

- **Planning Phase**: Always create detailed plans in `/docs/plans/` before implementation

- **Code Review**: Human review required for all AI-generated code before merge

- **Context Management**: Start fresh Claude Code sessions for each major feature



- **Documentation**: Update relevant specs in `/docs/specs/` after completing features

## Navigation Map

### Architecture Documentation

- System Design: `/docs/architecture/system-overview.md`

- Database Schema: `/docs/architecture/database-design.md`

- API Documentation: `/docs/architecture/api-specification.md`

- Security Guidelines: `/docs/architecture/security-requirements.md`

### Current Work

- Sprint Planning: `/docs/plans/sprint-current.md`

- Feature Specifications: `/docs/specs/`

  - Real-time Inventory: `/docs/specs/inventory-tracking-spec.md`

  - Payment Integration: `/docs/specs/payment-gateway-spec.md`

  - Mobile Performance: `/docs/specs/mobile-optimization-spec.md`

### Process Documentation  
- Deployment Process: `/docs/processes/deployment-checklist.md`

- Emergency Procedures: `/docs/processes/incident-response.md`

- Code Review Guidelines: `/docs/processes/review-standards.md`

## Technology Decisions Log

### 2024-Q4 Decisions

- **Real-time Updates**: WebSocket with Socket.io (chosen over Server-Sent Events)

  - *Reason*: Bidirectional communication needed for inventory updates

  - *Decision Date*: 2024-10-15

  - *Decision Maker*: Alice Chen (Tech Lead)

- **State Management**: React Query + Zustand (chosen over Redux Toolkit)

  - *Reason*: Simpler developer experience, better TypeScript support

  - *Decision Date*: 2024-09-20

  - *Decision Maker*: Team consensus

- **Database**: PostgreSQL with Redis caching (chosen over MongoDB)

  - *Reason*: ACID compliance required for financial transactions

  - *Decision Date*: 2024-09-01

  - *Decision Maker*: Alice Chen + David Park

## Anti-Patterns and Gotchas

### What NOT to do

-  **Never use `any` types** - Always define proper interfaces

-  **Avoid direct database calls in React components** - Use service layers

-  **Don't skip error boundaries** - Wrap all major components

-  **Never commit console.log statements** - Use proper logging service

-  **Avoid inline styles** - Use Tailwind classes or CSS modules

### Common Pitfalls



Team Slash Commands Library  

Shared Command Structure:

Essential Team Commands:

Component Creation ( ~/.claude/commands/team/frontend/component.md ):

- **Performance**: Watch out for unnecessary re-renders in product listing components

- **Security**: Always validate input on both client and server sides

- **Mobile**: Test on actual devices, not just browser dev tools

- **Payments**: Never store sensitive payment data in local storage

## Emergency Contacts

- **Production Issues**: Elena Petrov (DevOps) - elena@company.com - Slack: @elena

- **Security Concerns**: security@company.com - 24/7 monitoring

- **Product Questions**: David Park (PM) - david@company.com - Slack: @david

# Team commands directory structure

~/.claude/commands/team/

├── frontend/
│   ├── component.md
│   ├── api-integration.md
│   └── performance-audit.md
├── backend/
│   ├── endpoint.md
│   ├── database-migration.md
│   └── security-scan.md
├── deployment/
│   ├── deploy-checklist.md
│   ├── rollback.md
│   └── monitoring-setup.md
└── quality/
    ├── code-review.md
    ├── test-coverage.md
    └── security-audit.md

Create a new React component called $argument following our team standards:

## Component Requirements

- **TypeScript**: Complete interface definitions with JSDoc comments

- **Styling**: Tailwind CSS classes, responsive design (mobile-first)

- **Accessibility**: Proper ARIA attributes, keyboard navigation support

- **Error Handling**: Error boundaries and loading states

- **Testing**: Unit tests with React Testing Library (>80% coverage)

## File Structure



src/components/$argument/
├── index.ts              # Barrel export
├── $argument.tsx         # Main component
├── $argument.test.tsx    # Unit tests
├── $argument.stories.tsx # Storybook stories
└── types.ts              # Component-specific types

API Endpoint Creation ( ~/.claude/commands/team/backend/endpoint.md ):

## Code Pattern

- Use our design system components from `src/components/ui/`

- Follow naming convention: PascalCase for components, camelCase for props

- Include data-testid attributes for testing

- Implement proper loading and error states

- Add prop validation with TypeScript interfaces

## Integration Points

- Connect to global state using our Zustand stores if needed

- Use React Query for data fetching with proper error handling

- Follow our established patterns in similar components

Generate complete, production-ready code following all team conventions.

Create a new API endpoint for $argument following our backend standards:

## Endpoint Requirements

- **Framework**: Express.js with TypeScript

- **Validation**: Joi schemas for request validation

- **Authentication**: JWT middleware where required

- **Error Handling**: Consistent error response format

- **Logging**: Structured logging with correlation IDs

- **Testing**: Integration tests with supertest

## Security Checklist

- [ ] Input validation and sanitization

- [ ] Rate limiting configuration

- [ ] SQL injection prevention

- [ ] XSS protection headers

- [ ] CSRF token validation (for state-changing operations)

## Response Format

```json

{

  "success": boolean,

  "data": T | null,

  "error": {



Database Integration  
Use our existing connection pool from src/db/connection.ts

Follow our transaction patterns for data consistency

Include proper database error handling

Add database query logging for debugging

Generate complete endpoint with middleware, validation, tests, and documentation.

    "code": string,
    "message": string,
    "details": object
  } | null,

  "meta": {

    "timestamp": string,
    "requestId": string,
    "version": string
  }

}

**Deployment Checklist** (`~/.claude/commands/team/deployment/deploy-checklist.md`):

```markdown

Execute comprehensive pre-deployment checklist for $argument:

## Pre-Deployment Verification

### Code Quality

- [ ] All tests passing (unit, integration, e2e)

- [ ] Code review approved by senior engineer

- [ ] No ESLint errors or TypeScript warnings

- [ ] Security scan completed (OWASP ZAP)

- [ ] Performance benchmarks meet requirements

### Environment Preparation

- [ ] Environment variables configured in production

- [ ] Database migrations tested in staging

- [ ] Third-party service integrations verified

- [ ] CDN cache invalidation strategy prepared

- [ ] Monitoring and alerting rules updated

### Rollback Preparation

- [ ] Current production state documented

- [ ] Rollback procedures verified and tested

- [ ] Database backup completed

- [ ] Feature flags configured for quick disable



Multi-Agent Team Coordination  

Agent Specialization Strategy  

### Communication

- [ ] Stakeholders notified of deployment window

- [ ] Maintenance page prepared if needed

- [ ] Post-deployment communication plan ready

## Deployment Steps

1. **Staging Verification**: Deploy to staging and run full test suite

2. **Production Deploy**: Use blue-green deployment strategy

3. **Health Checks**: Verify all services are healthy

4. **Feature Verification**: Run smoke tests on critical user journeys

5. **Monitoring**: Watch metrics for first 30 minutes

6. **Communication**: Confirm successful deployment to team

## Post-Deployment

- [ ] Monitor error rates and performance metrics

- [ ] Verify user flows in production

- [ ] Check third-party integration health

- [ ] Update deployment documentation

- [ ] Conduct post-deployment retrospective if issues occurred

Execute each step systematically and report status for each checkpoint.

# Team Agent Configuration

## Frontend Specialist Agent

**Role**: React/TypeScript frontend development

**Configuration**: 

- Access to component library and design system

- Tailwind CSS expertise

- React Query and state management patterns

- Accessibility and performance optimization focus

## Backend Specialist Agent  
**Role**: Node.js/Express API development

**Configuration**:

- Database schema and ORM expertise

- Security best practices (OWASP guidelines)

- Performance optimization and caching strategies

- Microservices architecture patterns

## DevOps Specialist Agent

**Role**: Infrastructure and deployment

**Configuration**:



Agent Handoff Protocols:

- Docker containerization expertise

- Kubernetes orchestration patterns

- CI/CD pipeline optimization

- Monitoring and alerting setup

## QA Specialist Agent

**Role**: Testing and quality assurance

**Configuration**:

- Test strategy and coverage analysis

- Security vulnerability scanning

- Performance testing and optimization

- Code review and quality gates

// agent-coordination.js - Team coordination patterns

class TeamAgentCoordinator {

  constructor() {
    this.agents = {
      frontend: new FrontendSpecialistAgent(),
      backend: new BackendSpecialistAgent(), 
      devops: new DevOpsSpecialistAgent(),
      qa: new QASpecialistAgent()
    };
  }

  async coordinated_feature_development(featureSpec) {
    const results = {};
    
    // Phase 1: Architecture and Planning
    results.architecture = await this.agents.backend.design_api_architecture(featureSpec);
    results.frontend_plan = await this.agents.frontend.plan_component_structure(featureSpec);
    results.deployment_plan = await 
this.agents.devops.plan_infrastructure_changes(featureSpec);

    
    // Phase 2: Parallel Development
    const [backendImplementation, frontendImplementation] = await Promise.all([
      this.agents.backend.implement_api(results.architecture),
      this.agents.frontend.implement_components(results.frontend_plan)
    ]);
    
    // Phase 3: Quality Assurance
    results.qa_results = await this.agents.qa.comprehensive_testing({
      backend: backendImplementation,
      frontend: frontendImplementation
    });
    
    // Phase 4: Deployment



Knowledge Sharing and Documentation  

Living Documentation System  

Automated Documentation Updates:

    if (results.qa_results.passed) {
      results.deployment = await this.agents.devops.deploy_feature({
        backend: backendImplementation,
        frontend: frontendImplementation,
        tests: results.qa_results
      });
    }
    
    return results;
  }

  async code_review_process(pullRequest) {
    // Multi-agent code review
    const reviews = await Promise.all([
      this.agents.frontend.review_frontend_changes(pullRequest.frontendChanges),
      this.agents.backend.review_backend_changes(pullRequest.backendChanges),
      this.agents.qa.review_test_coverage(pullRequest.testChanges),
      this.agents.devops.review_infrastructure_changes(pullRequest.configChanges)
    ]);
    
    return {
      overallApproval: reviews.every(review => review.approved),
      detailedFeedback: reviews,
      requiredActions: reviews.flatMap(review => review.requiredActions || [])
    };
  }

}

#!/bin/bash

# update-team-docs.sh - Automated documentation maintenance

echo "  Updating team documentation..."

# Update API documentation from code

echo "Generating API documentation..."

npx swagger-jsdoc -d swagger.config.js src/**/*.ts > docs/api/swagger.json

# Update component documentation  
echo "Updating component documentation..."

npm run storybook:build-docs

# Update architecture diagrams



Team Knowledge Base Integration:

echo "Generating architecture diagrams..."

npx mermaid -i docs/architecture/system-design.mmd -o docs/architecture/system-design.png

# Update dependency documentation

echo "Analyzing dependencies..."

npm list --depth=0 --json > docs/dependencies/current-deps.json

npx license-checker --json > docs/dependencies/licenses.json

# Update team metrics

echo "Generating team metrics..."

node scripts/generate-team-metrics.js

# Commit documentation updates

git add docs/

git commit -m "docs: automated documentation update [skip ci]"

echo "  Documentation updated successfully"

// knowledge-base.ts - Centralized team knowledge system

interface TeamKnowledge {

  decisions: TechnicalDecision[];
  patterns: CodePattern[];
  troubleshooting: TroubleshootingGuide[];
  onboarding: OnboardingResource[];
}

class TeamKnowledgeBase {

  private knowledge: TeamKnowledge;
  
  constructor() {
    this.knowledge = this.loadFromFiles();
  }

  addTechnicalDecision(decision: TechnicalDecision) {
    this.knowledge.decisions.push({
      ...decision,
      id: this.generateId(),
      timestamp: new Date().toISOString(),
      status: 'active'
    });
    
    this.updateCLAUDEmd();
    this.notifyTeam(decision);
  }

  searchKnowledge(query: string): SearchResult[] {



Cross-Team Communication Protocols  

Feature Development Communication Flow:

    const results: SearchResult[] = [];
    
    // Search through all knowledge categories
    results.push(...this.searchDecisions(query));
    results.push(...this.searchPatterns(query));
    results.push(...this.searchTroubleshooting(query));
    
    return results.sort((a, b) => b.relevanceScore - a.relevanceScore);
  }

  generateOnboardingPlan(role: 'frontend' | 'backend' | 'fullstack' | 'devops'): 
OnboardingPlan {

    const baseResources = this.knowledge.onboarding.filter(r => r.roles.includes('all') || 
r.roles.includes(role));

    
    return {
      phase1_setup: baseResources.filter(r => r.phase === 'setup'),
      phase2_codebase: baseResources.filter(r => r.phase === 'codebase'),
      phase3_practices: baseResources.filter(r => r.phase === 'practices'),
      estimatedDays: this.calculateOnboardingTime(role)
    };
  }

  private updateCLAUDEmd() {
    // Update CLAUDE.md with latest knowledge
    const claudeContent = this.generateCLAUDEContent();
    fs.writeFileSync('./CLAUDE.md', claudeContent);
  }

}

// Usage in team workflows

const knowledgeBase = new TeamKnowledgeBase();

// Add new decision

knowledgeBase.addTechnicalDecision({

  title: "Adopt React Server Components",
  context: "Need to improve initial page load performance",
  options: ["Client-side rendering", "SSR with hydration", "Server Components"],
  decision: "Server Components",
  reasoning: "Better performance, reduced JavaScript bundle size",
  impact: "Frontend architecture change required",
  decisionMaker: "Alice Chen",
  stakeholders: ["Frontend team", "Performance team"]
});



Feature Request

PM Creates Spec

Tech Lead Reviews Architecture Impact

Team Planning Session

Agent Specialization Assignment

Parallel Development

Daily Sync with Agent Outputs

Integration Testing

Code Review with Multi-Agent Analysis

 



Deployment Coordination

Post-Launch Monitoring

Retrospective and Knowledge Capture

Communication Templates:

Daily Standup with AI Development:

# Daily Standup Template - AI-Enhanced Development

## Team Member Updates

### [Name] - [Role]

**Yesterday's Accomplishments:**

- [ ] Feature implementation with [AI Agent Type]

- [ ] Code review completed for [PR Number]

- [ ] Technical debt addressed: [Specific items]

**Today's Focus:**

- [ ] [Specific tasks with estimated AI assistance level]

- [ ] Collaboration points with other team members

- [ ] Blockers that require human decision-making

**AI Agent Utilization:**

- **Primary Agent**: [Frontend/Backend/DevOps/QA Specialist]

- **Productivity Multiplier**: [2x/3x/4x - estimate based on task type]

- **Human Review Time**: [% of total development time spent on review]

**Blockers & Dependencies:**

- [ ] Technical decisions requiring team consensus

- [ ] External API integrations pending

- [ ] Design specifications needing clarification



8. Advanced Orchestration Patterns  

Multi-Modal Development Workflows  

Visual-Code Integration Patterns  

Screenshot-to-Code Workflow:

Implementation with Context Preservation:

## Team Coordination

**Integration Points Today:**

- [Cross-team dependencies and handoffs]

- [Shared component updates affecting multiple features]

- [Database migration coordination]

**Knowledge Sharing:**

- [New patterns discovered during AI-assisted development]

- [Effective prompting strategies that worked well]

- [AI-generated solutions that required significant modification]

# Visual Development Process

## Step 1: Design Analysis with AI

[Upload screenshot of design mockup]

Prompt: "Analyze this UI design and create a comprehensive implementation plan:

1. **Component Breakdown**: Identify reusable UI components

2. **Layout Strategy**: CSS Grid vs Flexbox recommendations  
3. **Responsive Behavior**: Mobile-first breakpoint strategy

4. **Accessibility Considerations**: ARIA labels, keyboard navigation

5. **Performance Implications**: Image optimization, lazy loading

6. **State Management**: Required state for interactive elements

Provide detailed technical specifications for each component."

// Generated from visual analysis

interface DesignAnalysis {

  components: ComponentSpec[];
  layoutStrategy: 'grid' | 'flexbox' | 'hybrid';
  breakpoints: ResponsiveBreakpoint[];
  stateRequirements: StateSpec[];
  performanceConsiderations: PerformanceSpec[];
}



// AI-generated component from design analysis

const ProductCard: React.FC<ProductCardProps> = ({ product, onAddToCart, onQuickView }) => {

  // Implementation follows exact design specifications
  return (
    <div className="relative group bg-white rounded-lg shadow-sm hover:shadow-md transition-
shadow duration-200">

      {/* Image section with lazy loading */}
      <div className="aspect-square w-full overflow-hidden rounded-t-lg bg-gray-200">
        <Image
          src={product.imageUrl}
          alt={product.name}
          className="h-full w-full object-cover object-center group-hover:scale-105 
transition-transform duration-200"

          loading="lazy"
          width={300}
          height={300}
        />
      </div>
      
      {/* Content follows design system spacing and typography */}
      <div className="p-4 space-y-2">
        <h3 className="text-sm font-medium text-gray-900 line-clamp-2">
          {product.name}
        </h3>
        <p className="text-sm text-gray-500">{product.category}</p>
        <div className="flex items-center justify-between">
          <span className="text-lg font-semibold text-gray-900">
            ${product.price}
          </span>
          <div className="flex space-x-2">
            <button
              onClick={() => onQuickView(product.id)}
              className="p-2 text-gray-400 hover:text-gray-500"
              aria-label={`Quick view ${product.name}`}
            >
              <EyeIcon className="h-4 w-4" />
            </button>
            <button
              onClick={() => onAddToCart(product.id)}
              className="bg-blue-600 text-white px-3 py-1 rounded-md text-sm hover:bg-blue-
700 transition-colors"

            >
              Add to Cart
            </button>
          </div>
        </div>
      </div>
    </div>



Syntax error in textSyntax error in text
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Code-to-Architecture Workflows  

Reverse Engineering Pattern:

Generated Architecture Documentation:

  

Complex System Integration Patterns  

Multi-Service Orchestration  

Microservice Coordination with AI:

  );
};

# Architecture Discovery from Existing Code

## Step 1: Codebase Analysis

"Analyze this existing codebase and generate comprehensive architecture documentation:

1. **System Architecture**: Create mermaid diagrams showing component relationships

2. **Data Flow**: Trace data movement through the application

3. **API Contracts**: Extract and document all API endpoints

4. **Database Schema**: Reverse engineer from ORM models and queries

5. **Security Model**: Identify authentication and authorization patterns

6. **Performance Characteristics**: Analyze bottlenecks and optimization opportunities

Focus on creating maintainable documentation that helps new team members understand the 

system."

// orchestration-manager.ts - AI-assisted microservice coordination

class MicroserviceOrchestrator {

  private services: Map<string, ServiceClient>;
  private aiCoordinator: AICoordinationAgent;

  constructor() {
    this.services = new Map();
    this.aiCoordinator = new AICoordinationAgent();
    this.setupServices();
  }



  async executeComplexWorkflow(workflowDefinition: WorkflowDefinition): 
Promise<WorkflowResult> {

    // AI-generated execution plan
    const executionPlan = await this.aiCoordinator.generateExecutionPlan(workflowDefinition);
    
    const results = new Map<string, any>();
    const errors: Error[] = [];

    for (const phase of executionPlan.phases) {
      try {
        if (phase.parallelizable) {
          // Execute services in parallel
          const phaseResults = await Promise.allSettled(
            phase.steps.map(step => this.executeServiceCall(step, results))
          );
          
          // Process results and handle failures
          phaseResults.forEach((result, index) => {
            if (result.status === 'fulfilled') {
              results.set(phase.steps[index].outputKey, result.value);
            } else {
              errors.push(result.reason);
            }
          });
        } else {
          // Execute services sequentially
          for (const step of phase.steps) {
            const result = await this.executeServiceCall(step, results);
            results.set(step.outputKey, result);
          }
        }
      } catch (error) {
        errors.push(error as Error);
        
        // AI-assisted error recovery
        const recoveryPlan = await this.aiCoordinator.generateRecoveryPlan(error, results);
        if (recoveryPlan.canRecover) {
          await this.executeRecoveryPlan(recoveryPlan);
        } else {
          throw new OrchestrationError('Workflow failed with unrecoverable error', errors);
        }
      }
    }

    return {
      success: errors.length === 0,
      results: Object.fromEntries(results),
      errors,



      executionTime: Date.now() - executionPlan.startTime
    };
  }

  private async executeServiceCall(step: ExecutionStep, previousResults: Map<string, any>): 
Promise<any> {

    const service = this.services.get(step.serviceName);
    if (!service) {
      throw new Error(`Service not found: ${step.serviceName}`);
    }

    // Interpolate parameters from previous results
    const parameters = this.interpolateParameters(step.parameters, previousResults);
    
    // Execute with retry logic and circuit breaker
    return await this.executeWithResilience(
      () => service.execute(step.operation, parameters),
      step.resilienceConfig
    );
  }

}

// Usage example - E-commerce order processing

const orchestrator = new MicroserviceOrchestrator();

const orderProcessingWorkflow: WorkflowDefinition = {

  name: "process_order",
  description: "Complete order processing workflow",
  phases: [
    {
      name: "validation",
      parallelizable: true,
      steps: [
        {
          serviceName: "inventory-service",
          operation: "check_availability",
          parameters: { productIds: "{{order.items}}", quantity: "{{order.quantities}}" },
          outputKey: "inventory_check"
        },
        {
          serviceName: "payment-service", 
          operation: "validate_payment_method",
          parameters: { paymentMethodId: "{{order.paymentMethod}}" },
          outputKey: "payment_validation"
        },
        {
          serviceName: "user-service",
          operation: "validate_customer",
          parameters: { customerId: "{{order.customerId}}" },



          outputKey: "customer_validation"
        }
      ]
    },
    {
      name: "processing",
      parallelizable: false,
      steps: [
        {
          serviceName: "payment-service",
          operation: "charge_payment",
          parameters: { 
            amount: "{{order.total}}", 
            paymentMethodId: "{{order.paymentMethod}}",
            customerId: "{{order.customerId}}"
          },
          outputKey: "payment_result"
        },
        {
          serviceName: "inventory-service",
          operation: "reserve_items",
          parameters: { 
            productIds: "{{order.items}}",
            quantities: "{{order.quantities}}",
            orderId: "{{order.id}}"
          },
          outputKey: "reservation_result"
        },
        {
          serviceName: "order-service",
          operation: "create_order",
          parameters: {
            orderData: "{{order}}",
            paymentId: "{{payment_result.id}}",
            reservationId: "{{reservation_result.id}}"
          },
          outputKey: "final_order"
        }
      ]
    },
    {
      name: "fulfillment",
      parallelizable: true,
      steps: [
        {
          serviceName: "shipping-service",
          operation: "create_shipment",
          parameters: { orderId: "{{final_order.id}}" },
          outputKey: "shipment"



Performance Optimization Orchestration  

AI-Driven Performance Analysis  

Automated Performance Audit System:

        },
        {
          serviceName: "notification-service",
          operation: "send_order_confirmation",
          parameters: { 
            customerId: "{{order.customerId}}",
            orderId: "{{final_order.id}}"
          },
          outputKey: "notification_sent"
        }
      ]
    }
  ]

};

// performance-orchestrator.ts - AI-assisted performance optimization

class PerformanceOrchestrator {

  private performanceAgent: PerformanceAnalysisAgent;
  private optimizationAgent: OptimizationAgent;
  private monitoringAgent: MonitoringAgent;

  constructor() {
    this.performanceAgent = new PerformanceAnalysisAgent();
    this.optimizationAgent = new OptimizationAgent();
    this.monitoringAgent = new MonitoringAgent();
  }

  async comprehensivePerformanceAudit(applicationUrl: string): 
Promise<PerformanceAuditResult> {

    // Multi-dimensional performance analysis
    const [
      lighthouseResults,
      bundleAnalysis,
      runtimeProfiler,
      networkAnalysis,
      databasePerformance
    ] = await Promise.all([
      this.performanceAgent.runLighthouseAudit(applicationUrl),
      this.performanceAgent.analyzeBundleSize('./dist'),
      this.performanceAgent.profileRuntime(applicationUrl),
      this.performanceAgent.analyzeNetworkRequests(applicationUrl),
      this.performanceAgent.analyzeDatabaseQueries()



    ]);

    // AI-powered analysis and recommendations
    const optimizationPlan = await this.optimizationAgent.generateOptimizationPlan({
      lighthouse: lighthouseResults,
      bundle: bundleAnalysis,
      runtime: runtimeProfiler,
      network: networkAnalysis,
      database: databasePerformance
    });

    return {
      currentPerformance: {
        lighthouseScore: lighthouseResults.overallScore,
        bundleSize: bundleAnalysis.totalSize,
        loadTime: runtimeProfiler.initialLoadTime,
        interactivityDelay: runtimeProfiler.timeToInteractive,
        databaseResponseTime: databasePerformance.averageQueryTime
      },
      optimizationRecommendations: optimizationPlan.recommendations,
      implementationPlan: optimizationPlan.implementationSteps,
      expectedImprovements: optimizationPlan.projectedGains
    };
  }

  async implementOptimizations(optimizationPlan: OptimizationPlan): 
Promise<ImplementationResult> {

    const results: ImplementationResult = {
      completedOptimizations: [],
      failedOptimizations: [],
      performanceGains: {}
    };

    for (const optimization of optimizationPlan.recommendations) {
      try {
        // Baseline measurement
        const beforeMetrics = await this.monitoringAgent.captureMetrics();

        // Apply optimization using appropriate AI agent
        const implementationResult = await this.applyOptimization(optimization);
        
        // Measure impact
        const afterMetrics = await this.monitoringAgent.captureMetrics();
        const impact = this.calculatePerformanceImpact(beforeMetrics, afterMetrics);

        results.completedOptimizations.push({
          ...implementationResult,
          performanceImpact: impact
        });



        results.performanceGains[optimization.category] = impact;

      } catch (error) {
        results.failedOptimizations.push({
          optimization,
          error: error.message,
          fallbackStrategy: await 
this.optimizationAgent.generateFallbackStrategy(optimization)

        });
      }
    }

    return results;
  }

  private async applyOptimization(optimization: OptimizationRecommendation): Promise<any> {
    switch (optimization.type) {
      case 'bundle-optimization':
        return await this.optimizeBundleSize(optimization);
      case 'database-optimization':
        return await this.optimizeDatabaseQueries(optimization);
      case 'caching-strategy':
        return await this.implementCaching(optimization);
      case 'code-splitting':
        return await this.implementCodeSplitting(optimization);
      case 'image-optimization':
        return await this.optimizeImages(optimization);
      default:
        throw new Error(`Unknown optimization type: ${optimization.type}`);
    }
  }

  private async optimizeBundleSize(optimization: BundleOptimization): 
Promise<BundleOptimizationResult> {

    // AI-driven bundle analysis and optimization
    const bundleAgent = new BundleOptimizationAgent();
    
    // Analyze current bundle composition
    const analysis = await bundleAgent.analyzeBundleComposition('./dist');
    
    // Generate optimization strategies
    const strategies = await bundleAgent.generateOptimizationStrategies(analysis);
    
    // Implement optimizations
    const results = await bundleAgent.implementOptimizations(strategies);
    
    return results;
  }



  private async optimizeDatabaseQueries(optimization: DatabaseOptimization): 
Promise<DatabaseOptimizationResult> {

    const dbAgent = new DatabaseOptimizationAgent();
    
    // Analyze slow queries
    const slowQueries = await dbAgent.identifySlowQueries();
    
    // Generate optimization recommendations
    const optimizations = await dbAgent.generateQueryOptimizations(slowQueries);
    
    // Apply optimizations (indexes, query rewrites, etc.)
    const results = await dbAgent.applyOptimizations(optimizations);
    
    return results;
  }

}

// Usage Example

const performanceOrchestrator = new PerformanceOrchestrator();

async function optimizeApplication() {

  // Comprehensive performance audit
  console.log('  Starting comprehensive performance audit...');

  const auditResult = await 
performanceOrchestrator.comprehensivePerformanceAudit('https://myapp.com');

  
  console.log('  Performance Audit Results:');

  console.log(`- Lighthouse Score: ${auditResult.currentPerformance.lighthouseScore}/100`);
  console.log(`- Bundle Size: ${auditResult.currentPerformance.bundleSize}MB`);
  console.log(`- Load Time: ${auditResult.currentPerformance.loadTime}ms`);
  console.log(`- Time to Interactive: 
${auditResult.currentPerformance.interactivityDelay}ms`);

  
  // Implement optimizations
  console.log('  Implementing performance optimizations...');

  const implementationResult = await 
performanceOrchestrator.implementOptimizations(auditResult.implementationPlan);

  
  console.log('  Optimization Results:');

  console.log(`- Successful optimizations: 
${implementationResult.completedOptimizations.length}`);

  console.log(`- Failed optimizations: ${implementationResult.failedOptimizations.length}`);
  
  // Report performance gains
  Object.entries(implementationResult.performanceGains).forEach(([category, gain]) => {
    console.log(`- ${category}: ${gain.improvement}% improvement`);
  });

}



Continuous Integration/Continuous Deployment (CI/CD) with AI  

AI-Enhanced Pipeline Orchestration  

Intelligent Build Pipeline:

# .github/workflows/ai-enhanced-cicd.yml

name: AI-Enhanced CI/CD Pipeline

on:

  push:

    branches: [ main, develop ]
  pull_request:

    branches: [ main ]

jobs:

  ai-code-analysis:

    runs-on: ubuntu-latest
    steps:
      - uses: actions/checkout@v3
      
      - name: AI Code Quality Analysis
        uses: ./github/actions/ai-code-analysis
        with:
          analysis-type: 'comprehensive'
          include-security: true
          include-performance: true
          
      - name: Generate Optimization Recommendations
        run: |
          node scripts/ai-optimization-analysis.js
          
      - name: Create Performance Baseline
        run: |
          npm run build
          npm run performance:baseline

  intelligent-testing:

    runs-on: ubuntu-latest
    needs: ai-code-analysis
    strategy:
      matrix:
        test-type: [unit, integration, e2e, performance]
    steps:
      - uses: actions/checkout@v3
      
      - name: AI-Powered Test Selection



        id: test-selection
        run: |
          # AI determines which tests to run based on changed files
          node scripts/ai-test-selection.js --changes="${{ github.event.changes }}" --
type="${{ matrix.test-type }}"

          
      - name: Execute Selected Tests
        run: |
          npm run test:${{ matrix.test-type }} -- ${{ steps.test-selection.outputs.test-files 
}}

          
      - name: AI Test Result Analysis
        run: |
          node scripts/ai-test-analysis.js --results="test-results.json"

  ai-security-scan:

    runs-on: ubuntu-latest
    steps:
      - uses: actions/checkout@v3
      
      - name: AI-Enhanced Security Analysis
        run: |
          # Multi-layer security scanning with AI analysis
          npm audit --json | node scripts/ai-security-analyzer.js
          
      - name: Generate Security Report
        run: |
          node scripts/generate-security-report.js

  intelligent-deployment:

    runs-on: ubuntu-latest
    needs: [ai-code-analysis, intelligent-testing, ai-security-scan]
    if: github.ref == 'refs/heads/main'
    steps:
      - uses: actions/checkout@v3
      
      - name: AI Deployment Strategy Selection
        id: deployment-strategy
        run: |
          # AI determines optimal deployment strategy based on changes
          node scripts/ai-deployment-strategy.js --changes="${{ github.event.changes }}"
          
      - name: Execute Deployment
        run: |
          case "${{ steps.deployment-strategy.outputs.strategy }}" in
            "blue-green")
              npm run deploy:blue-green
              ;;
            "canary")



AI Pipeline Scripts:

              npm run deploy:canary
              ;;
            "rolling")
              npm run deploy:rolling
              ;;
            *)
              npm run deploy:standard
              ;;
          esac
          
      - name: AI-Powered Health Monitoring
        run: |
          node scripts/ai-health-monitor.js --duration=300 --strategy="${{ steps.deployment-
strategy.outputs.strategy }}"

// scripts/ai-test-selection.js - Intelligent test selection

const fs = require('fs');

const path = require('path');

class AITestSelector {

  constructor() {
    this.testGraph = this.buildTestDependencyGraph();
    this.historicalData = this.loadHistoricalTestData();
  }

  async selectOptimalTests(changedFiles, testType) {
    // AI analysis of changed files impact
    const impactAnalysis = await this.analyzeChangeImpact(changedFiles);
    
    // Select tests based on:
    // 1. Direct file dependencies
    // 2. Historical failure correlation
    // 3. Risk assessment of changes
    // 4. Test execution time optimization
    
    const directlyImpacted = this.findDirectlyImpactedTests(changedFiles);
    const riskBasedTests = this.selectRiskBasedTests(impactAnalysis);
    const optimizedSelection = this.optimizeTestSelection([
      ...directlyImpacted,
      ...riskBasedTests
    ], testType);

    return {
      selectedTests: optimizedSelection,
      reasoning: this.generateSelectionReasoning(optimizedSelection),
      estimatedTime: this.estimateExecutionTime(optimizedSelection)



    };
  }

  async analyzeChangeImpact(changedFiles) {
    // AI-powered change impact analysis
    return {
      riskLevel: this.calculateRiskLevel(changedFiles),
      affectedComponents: this.identifyAffectedComponents(changedFiles),
      businessCriticalPaths: this.identifyBusinessCriticalPaths(changedFiles)
    };
  }

  findDirectlyImpactedTests(changedFiles) {
    const impactedTests = new Set();
    
    for (const file of changedFiles) {
      // Find tests that directly import or test this file
      const relatedTests = this.testGraph.getRelatedTests(file);
      relatedTests.forEach(test => impactedTests.add(test));
    }
    
    return Array.from(impactedTests);
  }

  selectRiskBasedTests(impactAnalysis) {
    // Select additional tests based on risk assessment
    const riskTests = [];
    
    if (impactAnalysis.riskLevel === 'high') {
      // Include broader integration tests
      riskTests.push(...this.getIntegrationTests(impactAnalysis.affectedComponents));
    }
    
    if (impactAnalysis.businessCriticalPaths.length > 0) {
      // Include end-to-end tests for critical user journeys
      riskTests.push(...this.getCriticalPathTests(impactAnalysis.businessCriticalPaths));
    }
    
    return riskTests;
  }

  optimizeTestSelection(tests, testType) {
    // Optimize test selection for execution time while maintaining coverage
    const sorted = tests.sort((a, b) => {
      const aData = this.historicalData.get(a) || {};
      const bData = this.historicalData.get(b) || {};
      
      // Prioritize by: failure rate (desc), execution time (asc), last failure (desc)



This completes the comprehensive LLM/Coding Research Guidebook covering all major topics from agentic AI 
patterns through advanced orchestration techniques. Each section provides actionable tutorials, complete code 
examples, and professional implementation strategies based on your research collection.

      const aScore = (aData.failureRate || 0) * 100 - (aData.avgExecutionTime || 0) + 
(aData.daysSinceLastFailure || 0);

      const bScore = (bData.failureRate || 0) * 100 - (bData.avgExecutionTime || 0) + 
(bData.daysSinceLastFailure || 0);

      
      return bScore - aScore;
    });
    
    // Apply test type specific optimization
    switch (testType) {
      case 'unit':
        return sorted.filter(test => test.includes('.unit.') || test.includes('.spec.'));
      case 'integration':
        return sorted.filter(test => test.includes('.integration.') || 
test.includes('.int.'));

      case 'e2e':
        return sorted.filter(test => test.includes('.e2e.') || test.includes('cypress'));
      default:
        return sorted;
    }
  }

}

// Command line execution

const selector = new AITestSelector();

const args = process.argv.slice(2);

const changedFiles = JSON.parse(args.find(arg => arg.startsWith('--changes=')).split('=')

[1]);

const testType = args.find(arg => arg.startsWith('--type=')).split('=')[1];

selector.selectOptimalTests(changedFiles, testType)

  .then(result => {

    console.log(`Selected ${result.selectedTests.length} tests for execution`);
    console.log(`Estimated execution time: ${result.estimatedTime}ms`);
    console.log(`Selection reasoning: ${result.reasoning}`);
    
    // Output for GitHub Actions
    console.log(`::set-output name=test-files::${result.selectedTests.join(' ')}`);
    console.log(`::set-output name=execution-time::${result.estimatedTime}`);
  })

  .catch(console.error);
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