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CHAPTER 01

AI as Your Debugging Partner:
Error Analysis and Fix
Suggestions

AI as Your Debugging Partner: Error Analysis and
Fix Suggestions

Welcome back, fellow developer! In our journey through AI coding systems, we've

explored how these intelligent tools can generate code, complete functions, and

even scaffold entire projects. But what happens when things inevitably go wrong?

Because, let's be honest, bugs are an inherent part of software development.

This chapter dives into one of the most powerful and time-saving applications of

AI in coding: debugging. We'll transform AI from a mere code generator into your

personal debugging assistant, capable of analyzing errors, explaining complex

issues, and suggesting precise fixes. Imagine cutting down those frustrating hours

spent staring at a stack trace!

By the end of this chapter, you'll be able to leverage tools like GitHub Copilot and

Cursor 2.6 to effectively diagnose and resolve issues in your code, significantly

enhancing your productivity and understanding. Get ready to turn debugging

from a chore into a collaborative problem-solving session with your AI partner!

Core Concepts: The AI Debugging Advantage

Debugging is often cited as one of the most challenging and time-consuming

aspects of software development. It requires deep understanding, meticulous

attention to detail, and sometimes, a bit of detective work. So, how can AI, which

primarily generates code, effectively help us fix it when it breaks?

The answer lies in AI's ability to process vast amounts of information, recognize

subtle patterns, and understand context far beyond what traditional linters or

static analysis tools can achieve.

The Debugging Dilemma: Why It's So Hard

Before the advent of advanced AI, debugging often involved a slow, iterative

process: 1. Reproducing the bug: Consistently triggering the error. 2. 

Identifying symptoms: Observing the error messages or unexpected behavior.
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3. Tracing execution: Stepping through code with a debugger. 4. Forming

hypotheses: Guessing the root cause. 5. Testing hypotheses: Applying

potential fixes and re-running.

This process can be particularly slow and frustrating with complex systems,

unfamiliar codebases, or intermittent issues.

How AI Elevates Your Debugging Workflow

AI tools like GitHub Copilot and Cursor 2.6 don't just find syntax errors; they can

often understand the intent behind your code and the broader context of your

project. This allows them to assist in several powerful ways:

Error Pattern Recognition: AI models are trained on massive codebases,

exposing them to countless error scenarios and their corresponding fixes.

This enables them to recognize common patterns, even in code they haven't

seen before.

Contextual Analysis: When you ask an AI to debug, it doesn't just see the

highlighted lines. It often has access to surrounding code, imported

modules, your project's file structure, and sometimes even relevant

documentation or existing issues (especially with agent-based systems like

Cursor's Automations). This rich context is crucial for accurate diagnosis.

Root Cause Hypothesis: Instead of just pointing to a line number, AI can

suggest why an error is occurring. Is it a type mismatch, an off-by-one error,

an unhandled edge case, or a logical flaw? It helps you understand the

underlying problem.

Fix Generation: Based on its analysis, the AI can propose concrete code

changes to resolve the issue. These aren't just random guesses; they are

often well-reasoned suggestions that align with common programming

paradigms and best practices.

Types of AI Debugging Assistance

Modern AI coding systems offer various modes of debugging support, each useful

in different scenarios:

Inline Error Explanations: Many IDEs, particularly Cursor IDE, can

automatically highlight problematic code and offer a quick explanation or a

"Fix with AI" button directly in the editor when an error is detected (e.g.,

during compilation or static analysis). GitHub Copilot in VS Code can also

provide similar inline suggestions for common issues.

• 

• 

• 

• 

1. 
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Chat-Based Debugging: This is where the real power shines for more

complex issues. You can copy-paste an error message, a full stack trace, or

even a problematic code snippet into a chat interface (like Copilot Chat or

Cursor Chat) and ask the AI specific questions. For example:

"Explain this TypeError  in my JavaScript code."

"Why is this array empty when it should contain data?"

"Suggest a fix for this IndexOutOfBoundsException  in my Java

function." The AI will then analyze the provided information and offer

insights and solutions.

Automated Fix Suggestions (Agent-Based Systems): Advanced tools

like Cursor 2.6, with its "Automation Release" features (as of March 2026),

can go a step further. You might define an automation that, upon detecting a

specific type of error during compilation or testing, automatically attempts

to generate and apply a fix. These systems can even run tests to validate

the proposed solution, offering a glimpse into truly autonomous agents

assisting in development workflows.

The Human-AI Loop: Your Role is Crucial!

Remember, AI is an assistant, not a replacement. The "human-in-the-loop"

approach is paramount in debugging. You must:

Understand the Explanation: Don't just copy-paste the fix. Take the time

to understand why the error occurred and how the AI's suggestion resolves

it. This process builds your own debugging skills and prevents similar bugs

in the future.

Review the Code: Always critically review AI-generated code for

correctness, security, performance, and adherence to your project's coding

standards. AI can make mistakes or introduce inefficiencies.

Iterate and Refine: If the first suggestion isn't perfect, refine your prompt.

Provide more context, ask for alternatives, or guide the AI towards a specific

solution. Think of it as a dialogue.

Step-by-Step Implementation: Debugging a Python
Function with AI

Let's get practical! We'll simulate a common debugging scenario using a simple

Python function and leverage AI to help us find and fix a bug.

2. 

◦ 

◦ 

◦ 

3. 

• 

• 

• 
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Prerequisites: * An active subscription to GitHub Copilot or Cursor. * Your

preferred IDE (VS Code for GitHub Copilot, Cursor IDE for Cursor). * A basic Python

3 environment setup.

Step 1: Set Up Our Buggy Code

Open your IDE and create a new Python file named buggy_script.py . We'll write

a function that attempts to calculate the average of numbers in a list, but with a

subtle bug.

# buggy_script.py
def calculate_average(numbers):

"""
    Calculates the average of a list of numbers.
    Assumes numbers is a list of integers or floats.
    """

if not numbers:
return 0 # Handle empty list gracefully

total = 0
# Uh oh, off-by-one error lurking here!
for i in range(len(numbers)):

total += numbers[i+1]
return total / len(numbers)

# Test cases
data1 = [10, 20, 30]
data2 = [5, 15]
data3 = []

print(f"Average of {data1}: {calculate_average(data1)}")
print(f"Average of {data2}: {calculate_average(data2)}")
print(f"Average of {data3}: {calculate_average(data3)}")

What's the bug? Take a moment to look at the line total += numbers[i+1] . If

you're familiar with Python list indexing, you might spot an "off-by-one" error.

When i  is the last index in the range(len(numbers)) , i+1  will be out of

bounds, leading to an IndexError . For example, if numbers  has 2 elements, 

len(numbers)  is 2. range(2)  yields 0, 1 . When i  is 1 , i+1  becomes 2 , and 

numbers[2]  does not exist for a 2-element list (which only has indices 0  and 1 ).

Step 2: Run the Code and Observe the Error

Save buggy_script.py  and run it from your terminal:

python buggy_script.py

You should see output similar to this:
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Average of [10, 20, 30]: 20.0
Traceback (most recent call last):
  File "buggy_script.py", line 18, in <module>
    print(f"Average of {data2}: {calculate_average(data2)}")
  File "buggy_script.py", line 11, in calculate_average
    total += numbers[i+1]
IndexError: list index out of range

Aha! We have an IndexError . The traceback clearly points to line 11 within 

calculate_average  as the culprit, specifically numbers[i+1] . This is the exact

symptom we expected.

Step 3: Triggering AI Assistance

Now, let's bring in our AI partner to analyze this error.

Using Cursor IDE (Version 2.6, as of March 2026): 1. Highlight the

problematic line ( total += numbers[i+1] ) or the entire calculate_average

function. 2. Press Ctrl+L  (or Cmd+L  on macOS) to open the Cursor Chat/

Command Palette. 3. Type a clear prompt like: "Explain this IndexError  and

suggest a fix for the calculate_average  function."

Using GitHub Copilot Chat (in VS Code): 1. Highlight the problematic line or

the entire calculate_average  function in buggy_script.py . 2. Open the

Copilot Chat panel (usually Ctrl+Shift+P  then "GitHub Copilot: Open Chat" or

the Copilot icon in the sidebar). 3. In the chat input, type: @workspace /fix

"Explain this IndexError and provide a correct implementation for

the calculate_average function."  or simply paste the error and ask "Explain

and fix this IndexError." You can find more details in the GitHub Copilot CLI

Command Reference.

Step 4: Interpreting AI's Analysis

Your AI tool should provide an explanation similar to this (wording may vary

slightly between tools):

"The IndexError: list index out of range  occurs because you're trying

to access an element at numbers[i+1]  when i  is the last valid index. For a

list of length N , valid indices are 0  to N-1 . When i  is N-1 , i+1  becomes 

N , which is out of bounds for the list.

The issue: In your for  loop for i in range(len(numbers)) , i  will

iterate from 0  up to len(numbers) - 1 . When i  is len(numbers) - 1 , the
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expression i+1  attempts to access numbers[len(numbers)] , which is

beyond the last element of the list."

Isn't that insightful? The AI not only identified the IndexError  but also explained

the why behind the off-by-one. This is far more helpful than just knowing "line 11

is bad." It educates you on the root cause.

Step 5: Applying AI's Fix Suggestion

The AI will then likely propose a fix. Here's a common and correct suggestion:

# Proposed fix by AI
def calculate_average(numbers):

"""
    Calculates the average of a list of numbers.
    Assumes numbers is a list of integers or floats.
    """

if not numbers:
return 0 # Handle empty list gracefully

total = 0
# AI suggests iterating directly over elements, which is more Pythonic
for number in numbers:

total += number
return total / len(numbers)

The AI has correctly identified that iterating directly over the numbers  list ( for

number in numbers: ) is a more Pythonic and safer way to sum the elements,

avoiding manual index manipulation altogether. Alternatively, it might suggest

changing numbers[i+1]  to numbers[i]  within your original loop structure,

which would also solve the IndexError  but is less idiomatic Python. For more on

Python's for  loops and iteration best practices, check the Python Official

Documentation on the for  statement.

Action: Replace the original buggy calculate_average  function in your 

buggy_script.py  with the AI's suggested fix.
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# buggy_script.py (with AI-suggested fix applied)
def calculate_average(numbers):

"""
    Calculates the average of a list of numbers.
    Assumes numbers is a list of integers or floats.
    """

if not numbers:
return 0 # Handle empty list gracefully

total = 0
for number in numbers: # AI suggested this improved iteration!

total += number
return total / len(numbers)

# Test cases
data1 = [10, 20, 30]
data2 = [5, 15]
data3 = []

print(f"Average of {data1}: {calculate_average(data1)}")
print(f"Average of {data2}: {calculate_average(data2)}")
print(f"Average of {data3}: {calculate_average(data3)}")

Step 6: Verify the Fix

Save the file and run it again from your terminal:

python buggy_script.py

Expected output:

Average of [10, 20, 30]: 20.0
Average of [5, 15]: 10.0
Average of []: 0

Success! No more IndexError . The AI helped us not only pinpoint the problem

but also suggested an elegant and correct solution.

This process demonstrates the power of AI as a debugging partner. It doesn't just

give you the answer; it explains the underlying problem, helping you learn and

avoid similar mistakes in the future.

Mini-Challenge: Debugging a Logic Error

It's your turn to put your AI debugging skills to the test! Debugging isn't always

about explicit syntax errors or index issues; sometimes it's about subtle logical

flaws that don't crash the program but produce incorrect results.
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Challenge: You have a Python function that's supposed to find the largest

number in a list. However, it has a logical bug that causes it to return incorrect

results for certain inputs. Use your AI coding tool (Cursor or Copilot Chat) to

identify this logical flaw and suggest a fix.

Create a new file, max_finder.py , and add the following code:

# max_finder.py
def find_largest_number(numbers_list):

"""
    Finds the largest number in a list of numbers.
    Assumes numbers_list is not empty.
    """

largest = numbers_list[0] # Initialize with the first element
for number in numbers_list:

if number < largest: # Is this comparison correct for finding the 
LARGEST?

largest = number
return largest

# Test cases
test_list1 = [3, 1, 4, 1, 5, 9, 2, 6] # Expected: 9
test_list2 = [10, 2, 8] # Expected: 10
test_list3 = [7] # Expected: 7

print(f"Largest in {test_list1}: {find_largest_number(test_list1)}")
print(f"Largest in {test_list2}: {find_largest_number(test_list2)}")
print(f"Largest in {test_list3}: {find_largest_number(test_list3)}")

Run max_finder.py  from your terminal and observe the incorrect output for

test_list1  and test_list2 .

Use your AI assistant (Copilot Chat or Cursor Chat) to analyze the 

find_largest_number  function.

Craft your prompt: Try something like: "This find_largest_number

function is returning incorrect results. It's supposed to find the largest

number, but it seems to be finding the smallest. Can you explain the logical

error and provide a corrected version?"

Apply the AI's suggested fix to your max_finder.py  file and verify the

output by running the script again.

Hint: Pay close attention to the comparison operator within the for  loop. What

condition should be met for a number  to become the new largest ?

What to Observe/Learn: Notice how AI can debug not just explicit errors that

cause crashes but also logical inconsistencies based on the function's intended

purpose (as described in your prompt or docstring). This highlights the

importance of writing clear, descriptive prompts and good docstrings for AI's

contextual understanding.

1. 

2. 

3. 

4. 
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Common Pitfalls & Troubleshooting with AI
Debugging

While AI is an incredible debugging ally, it's not foolproof. Being aware of common

pitfalls will help you use it more effectively and avoid new problems.

Blindly Accepting AI Suggestions: This is the most dangerous pitfall. AI-

generated fixes, especially for complex or nuanced bugs, might introduce

new issues, be inefficient, or even contain security vulnerabilities. Always

review, understand, and thoroughly test any AI-suggested code

before committing it. Remember the human-in-the-loop principle!

Troubleshooting: Treat AI suggestions as a starting point. Ask the AI to

explain its reasoning. If you don't fully understand it, don't implement it. 2. 

Insufficient Context: If you only provide a snippet of code or an error

message without surrounding context (e.g., relevant imports, calling code,

function definitions, or project structure), the AI's suggestions might be

generic, inefficient, or even incorrect.

Troubleshooting: Provide as much relevant context as possible. For chat

interfaces, you can upload entire files, refer to them using @workspace  in

Copilot Chat, or rely on Cursor's built-in context awareness. Explain the 

purpose of the code. 3. Hallucinations: AI models can sometimes

"hallucinate" code or explanations that sound plausible but are entirely

incorrect, non-existent, or simply misleading. This is more common with less

specific prompts or very obscure errors.

Troubleshooting: Cross-reference AI explanations with official

documentation or trusted sources. If a suggestion seems too good to be

true, or if you're unsure, independently verify it. Refine your prompt to be

more specific or ask for alternative approaches. 4. Privacy and

Intellectual Property Concerns: When feeding proprietary or sensitive

code into cloud-based AI models, be mindful of your organization's policies

regarding data privacy and intellectual property. Ensure you understand how

your code is used by the AI provider.

Best Practice: Check your AI tool's settings. GitHub Copilot, for example,

allows you to disable telemetry and sharing of code snippets for model

improvement. Cursor IDE, being a local-first application that can use local

models, offers enhanced privacy controls. Always prioritize official

documentation for the latest privacy settings: GitHub Copilot Privacy FAQ. 5. 

1. 

• 

• 

• 

• 
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Over-Reliance on AI: While AI speeds up debugging, it shouldn't replace

your own critical thinking and problem-solving skills. Use AI to augment, not

to atrophy, your abilities.

Best Practice: After AI helps you fix a bug, take a moment to reflect on why

the bug occurred and how you would have approached it manually. This

reinforces your learning and makes you a better, more independent

developer in the long run.

Summary

Phew! You've just transformed your debugging process with the power of AI. Let's

quickly recap what we've covered:

AI as a Debugging Force Multiplier: AI tools like GitHub Copilot and

Cursor 2.6 can analyze errors, explain their root causes, and suggest precise

fixes, significantly speeding up the debugging process. They excel at pattern

recognition and contextual analysis.

Context is King: The more relevant context (code, error messages, project

structure, your intended logic) you provide to the AI, the more accurate and

helpful its assistance will be.

Multiple Modes of Assistance: Whether it's inline suggestions, interactive

chat, or future-forward agent automations, AI offers diverse ways to help

you squash bugs effectively.

The Human-AI Partnership: Always maintain a human-in-the-loop

approach. Review, understand, and thoroughly test AI-generated fixes to

ensure correctness, security, and maintainability. Your critical thinking

remains paramount.

Prompt Engineering for Debugging: Crafting clear, specific prompts is

crucial for guiding the AI to the most relevant explanations and solutions,

especially for logical errors.

Debugging can be tough, but with an intelligent AI partner by your side, it

becomes a much more manageable and even insightful process. You're not just

fixing bugs; you're learning from them, faster than ever before.

Next up, we'll explore how AI can assist in ensuring code quality and correctness

through AI-powered testing and code review. Get ready to elevate your code

to new heights!

• 

• 

• 

• 

• 

• 
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CHAPTER 02

AI-Driven Testing: Generating
Tests and Validating Code

Introduction to AI-Driven Testing

Welcome back, intrepid developer! In our journey through AI coding systems,

we've explored how these powerful tools can generate code, assist with

debugging, and even help craft pull requests. But what about ensuring the quality

and correctness of all that AI-generated code, or even your own human-written

code? That's where AI-driven testing comes into play, and it's the focus of this

exciting chapter!

AI coding systems are rapidly evolving from mere autocomplete tools to

sophisticated assistants capable of understanding context, generating complex

logic, and critically, helping you validate your work. We'll delve into how tools like

GitHub Copilot and Cursor 2.6 can be leveraged to generate unit tests, integration

tests, and even assist in identifying potential issues before they become bugs.

This isn't just about saving time; it's about elevating the quality and robustness of

your software.

By the end of this chapter, you'll understand the core principles of using AI for

test generation and code validation. You'll learn how to craft effective prompts,

integrate AI into your testing workflow, and apply best practices to ensure your

AI-assisted tests are comprehensive and reliable. We'll build on the prompt

engineering skills you've developed in previous chapters, applying them

specifically to the art of automated testing. Let's dive in and make our code

bulletproof!

Core Concepts: AI in the Testing Workflow

AI coding systems are becoming indispensable partners in the software

development lifecycle, and testing is no exception. They can augment your

testing efforts in several key ways, from generating initial test cases to helping

you understand and fix failures.

1. The Role of AI in Test Generation

Imagine having an assistant who can instantly write test cases for every new

function you create. AI tools excel at this. Given a piece of code and a clear
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prompt, they can generate boilerplate tests, edge case tests, and even property-

based tests.

What it is: AI analyzes your existing code (function signatures, comments,

logic) and proposes test cases that cover various scenarios.

Why it's important: It significantly speeds up test writing, encourages a

test-driven development (TDD) mindset, and helps catch trivial errors early.

It also ensures you don't miss obvious test cases.

How it functions: The AI's language model, trained on vast amounts of

code and tests, identifies common testing patterns and applies them to your

specific code. For example, if you have a function that divides two numbers,

the AI might suggest tests for division by zero, positive numbers, negative

numbers, and floating-point numbers.

2. Context Awareness for Smarter Tests

Modern AI coding systems, especially agent-based ones like Cursor 2.6, are highly

context-aware. This means they don't just look at the single function you're

working on; they understand your entire project structure, existing tests, and

even relevant documentation or issue tickets.

What it is: The AI leverages information from your entire workspace to

generate more relevant and integrated tests.

Why it's important: Context-aware AI avoids generating duplicate tests,

adheres to your project's testing framework (e.g., Pytest, Jest), and can even

suggest integration tests that span multiple components.

How it functions: The IDE's AI client (e.g., Cursor) indexes your project,

allowing the AI model to access file contents, commit history, and even open

issues. When you ask for tests, it considers these factors to provide tailored

suggestions.

3. Debugging Assistance During Test Failures

Tests are designed to fail when something is wrong. When a test fails, AI can step

in to provide immediate assistance, helping you understand why it failed and

suggesting potential fixes.

What it is: AI analyzes stack traces, error messages, and the failing test's

code to diagnose the root cause of an issue.

Why it's important: It reduces the time spent on debugging, especially for

common errors, and helps developers learn from their mistakes by

explaining the problem.

• 

• 

• 

• 

• 

• 

• 

• 
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How it functions: Tools like Cursor 2.6's "Ask AI" feature or Copilot's inline

suggestions can interpret error outputs and provide natural language

explanations or direct code modifications. This is particularly powerful when

combined with agent capabilities that can apply fixes and re-run tests.

AI-Driven Testing Workflow

Let's visualize a typical workflow for integrating AI into your testing process.

Developer Writes Feature Code: You start by writing your core

application logic.

Prompt AI for Unit Tests: Instead of writing tests from scratch, you ask

your AI coding assistant to generate them.

• 

• 

• 
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AI Generates Initial Test Cases: The AI provides a starting set of tests.

Developer Reviews, Refines, and Adds Tests: This is a crucial human-

in-the-loop step. You don't blindly accept AI output! You ensure coverage,

correctness, and add any specific edge cases the AI might have missed.

Developer Executes Tests: Run your test suite.

Tests Pass?: If yes, great!

Integrate into CI/CD Pipeline: The tests become part of your automated

build process.

AI Debugging Assistance on Failure: If tests fail, the AI helps you

understand the error.

Developer Reviews AI-Suggested Fix: You evaluate the AI's proposed

solution.

Apply Fix?: Decide whether to apply the fix, manually adjust the code, or

refine the tests.

This iterative process highlights that AI is a co-pilot, not an autopilot. Your

expertise remains central to ensuring quality.

Step-by-Step Implementation: Generating Tests
with AI

Let's get hands-on! We'll use a simple Python example to demonstrate how to

generate tests using an AI coding assistant. While the exact UI might vary slightly

between Cursor 2.6 and VS Code with GitHub Copilot, the underlying principles of

prompting remain consistent.

For this example, we'll create a simple utility function in Python and then ask our

AI assistant to generate tests for it.

Step 1: Set Up Your Environment

Ensure you have a compatible IDE (Cursor 2.6 or VS Code with GitHub Copilot

installed) and an active subscription/trial for your chosen AI tool. We'll create a

new Python file for our function.

Create a new file: In your project, create a file named calculator.py .

Step 2: Write the Function to be Tested

Let's create a straightforward function that we want to test. This function will

perform basic arithmetic operations.

• 

• 

• 

• 

• 

• 

• 

• 

1. 
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Add the following code to calculator.py :

# calculator.py

def add(a: float, b: float) -> float:
"""

    Adds two numbers and returns their sum.
    """

return a + b

def subtract(a: float, b: float) -> float:
"""

    Subtracts the second number from the first and returns the difference.
    """

return a - b

def multiply(a: float, b: float) -> float:
"""

    Multiplies two numbers and returns their product.
    """

return a * b

def divide(a: float, b: float) -> float:
"""

    Divides the first number by the second and returns the quotient.
    Raises ValueError if b is zero.
    """

if b == 0:
raise ValueError("Cannot divide by zero")

return a / b

Explanation: We've defined four basic arithmetic functions: add , subtract , 

multiply , and divide . Notice the divide  function includes a check for division

by zero, raising a ValueError . This is a crucial edge case that our tests should

cover.

Step 3: Prompt AI to Generate Unit Tests

Now, let's use our AI assistant to generate tests for these functions. We'll focus on

the divide  function due to its edge case.

Create a test file: Create a new file named test_calculator.py  in the

same directory.

Activate AI: Position your cursor in test_calculator.py .

For Cursor 2.6: You might use the "New File" automation or simply open

the file and start typing a prompt in the chat panel, referencing the 

calculator.py  file. Alternatively, you can highlight the divide  function in 

calculator.py  and use the "Generate Tests" context menu option if

available.

1. 
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For GitHub Copilot (VS Code): You can often start typing import pytest

or import unittest  and then add a comment like # Write unit tests

for the divide function from calculator.py  and let Copilot suggest

code. Or, use the Copilot Chat feature (if enabled) and directly prompt it.

Let's try a direct chat prompt. Open the AI chat panel (e.g., Cursor Chat or Copilot

Chat) and type:

"Generate comprehensive unit tests for the `divide` function in 
`calculator.py`. Ensure to cover normal cases, edge cases like division by 
zero, and floating-point numbers. Use Python's `pytest` framework."

The AI should then generate something similar to the following. Copy and paste it

into test_calculator.py .

# test_calculator.py
import pytest
from calculator import add, subtract, multiply, divide # We'll just focus on 
divide for now

def test_divide_positive_numbers():
"""Test division of two positive numbers."""
assert divide(10, 2) == 5.0
assert divide(7, 2) == 3.5

def test_divide_negative_numbers():
"""Test division with negative numbers."""
assert divide(-10, 2) == -5.0
assert divide(10, -2) == -5.0
assert divide(-10, -2) == 5.0

def test_divide_by_one():
"""Test division by one."""
assert divide(5, 1) == 5.0
assert divide(-8, 1) == -8.0

def test_divide_floating_point_numbers():
"""Test division with floating-point numbers."""
assert divide(7.5, 2.5) == 3.0
assert divide(1.0, 3.0) == pytest.approx(0.3333333333333333) # Use 

pytest.approx for floats

def test_divide_by_zero():
"""Test division by zero raises ValueError."""
with pytest.raises(ValueError, match="Cannot divide by zero"):

divide(10, 0)
with pytest.raises(ValueError, match="Cannot divide by zero"):

divide(-5, 0)

Explanation: The AI, guided by your prompt, has generated several test cases: * 

test_divide_positive_numbers : Basic positive division. * 

test_divide_negative_numbers : Handles various combinations of negative

• 
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numbers. * test_divide_by_one : A simple sanity check. * 

test_divide_floating_point_numbers : Demonstrates handling floating-point

precision with pytest.approx . * test_divide_by_zero : Crucially, it uses 

pytest.raises  to verify our ValueError  is raised when dividing by zero, along

with checking the error message.

This is a fantastic starting point! The AI understood the pytest  framework and

correctly identified the critical edge case.

Step 4: Run Your Tests

Now, let's execute these tests to see them in action.

Open your terminal in the directory containing calculator.py  and 

test_calculator.py .

Install pytest (if you haven't already): bash pip install pytest

Run the tests: bash pytest

You should see output similar to this, indicating that all tests passed:

============================= test session starts 
==============================
platform linux -- Python 3.10.12, pytest-8.1.1, pluggy-1.4.0
rootdir: /path/to/your/project
collected 5 items

test_calculator.py .....                                                 [100%]

============================== 5 passed in 0.01s 
===============================

Explanation: pytest  automatically discovered and ran our tests. The .  for

each test indicates a successful pass. This confirms our divide  function behaves

as expected, including its error handling.

Step 5: Iterative Refinement and Validation (Human-in-the-
Loop)

While AI is great at generating initial tests, you are the ultimate arbiter of

correctness and coverage. Always review, understand, and refine the AI's

output.

Consider these questions: * Are there any other edge cases the AI missed? (e.g.,

very large numbers, extremely small floating points) * Does the test code follow

your team's best practices or style guide? * Is the test readable and

maintainable?

1. 
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For example, the AI might not have immediately thought of testing division with

zero numerator:

# Add this to test_calculator.py
def test_divide_zero_numerator():

"""Test division when the numerator is zero."""
assert divide(0, 5) == 0.0
assert divide(0, -5) == 0.0
assert divide(0.0, 10.0) == 0.0

This ensures full coverage. Always use AI as a productivity booster, not a

replacement for critical thinking.

Mini-Challenge: Test Generation for add Function

You've seen how AI can generate tests for a function with an explicit error case.

Now, it's your turn to apply this to a simpler function.

Challenge: Using your AI coding assistant (Cursor 2.6 or GitHub Copilot),

generate unit tests for the add  function in calculator.py . Your tests should

cover: 1. Adding two positive numbers. 2. Adding two negative numbers. 3.

Adding a positive and a negative number. 4. Adding zero to a number. 5. Adding

floating-point numbers.

Hint: Start by adding a comment in test_calculator.py  like # Write unit

tests for the add function from calculator.py using pytest  or use your

AI chat panel with a clear prompt, similar to what we did for divide . Remember

to review and potentially refine the AI's suggestions.

What to observe/learn: * How well the AI handles generating tests for a

straightforward function without explicit error handling. * The types of test cases

the AI prioritizes for simple arithmetic. * The importance of reviewing AI-

generated code, even for simple cases, to ensure full coverage and adherence to

best practices.

Once you've generated and reviewed the tests, run them with pytest  to confirm

they pass.

Common Pitfalls & Troubleshooting

Integrating AI into your testing workflow is powerful, but it comes with its own set

of challenges. Being aware of these common pitfalls can save you time and

headaches.
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1. Blindly Accepting AI-Generated Tests

Pitfall: Treating AI-generated tests as gospel truth without review. This is perhaps

the most dangerous pitfall. AI models can hallucinate, generate incomplete tests,

or misunderstand subtle requirements, leading to a false sense of security.

Troubleshooting:

Always review: Critically examine every line of AI-generated test code.

Does it make sense? Does it cover all expected scenarios and edge cases?

Understand the "Why": Ensure you understand why each test case is

there and what it's testing. If you don't understand it, don't keep it.

Iterate and Refine: Use the AI's output as a starting point. Add, remove, or

modify tests as needed based on your understanding of the system under

test. Your human expertise is irreplaceable here.

2. Insufficient Context Leading to Irrelevant Tests

Pitfall: The AI generates tests that are either too generic, miss specific domain

knowledge, or don't align with your project's existing testing patterns. This often

happens when the AI doesn't have enough context.

Troubleshooting:

Provide explicit prompts: Be as specific as possible. Mention the testing

framework ( pytest , unittest , Jest ), the function's purpose, known edge

cases, and even the desired test structure.

Bad Prompt: "Write tests for calculate_price ."

Good Prompt: "Using pytest , write unit tests for the 

calculate_price  function in pricing_engine.py . Ensure to test for

discounts, tax calculations, and invalid input values (e.g., negative

quantity)."

Leverage context features: For tools like Cursor 2.6, ensure your project

is properly indexed and that the AI has access to relevant files (e.g., the

function definition, related utility functions, configuration files). Use features

that allow the AI to "see" your entire project.

3. Over-Reliance on AI for Complex Test Scenarios

Pitfall: Expecting AI to handle highly complex, end-to-end, or integration tests

perfectly without significant human guidance. While AI can assist, these types of

tests often require deep architectural understanding and intricate setup that

current AI models struggle with autonomously.
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Troubleshooting:

Start small: Use AI primarily for unit and simpler integration tests. It excels

at boilerplate and common patterns.

Break down complex tasks: For integration tests, ask the AI to generate

individual components (e.g., a mock object, a specific API call test) rather

than the entire complex flow.

Human-driven architecture: Design your testing strategy yourself. Use AI

to implement the details within that strategy, not to define the strategy

itself.

Remember, AI is an augmentation tool. It empowers you to write more tests,

faster, and with better initial coverage, but the ultimate responsibility for code

quality and testing rigor remains with you.

Summary

Congratulations! You've taken a significant step in understanding how AI coding

systems can revolutionize your testing workflow. We covered a lot of ground in

this chapter, and here are the key takeaways:

AI augments, not replaces: AI coding systems like Cursor 2.6 and GitHub

Copilot are powerful tools for generating tests and validating code, but they

require human oversight and critical review.

Speed and Coverage: AI significantly speeds up the process of writing unit

and integration tests, helping you achieve better test coverage more

efficiently.

Context is King: The effectiveness of AI-generated tests heavily relies on

the quality of your prompts and the AI's access to relevant project context.

Prompt Engineering for Tests: Crafting clear, specific, and contextual

prompts is a critical skill for guiding AI to generate useful and accurate test

cases.

Debugging Assistance: AI tools can help diagnose test failures by

analyzing error messages and suggesting potential fixes, reducing

debugging time.

Human-in-the-Loop is Crucial: Always review, refine, and validate AI-

generated tests. Your domain expertise and understanding of the system

under test are indispensable.
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Start Small, Iterate: Begin by using AI for simpler test generation tasks

and gradually integrate it into more complex scenarios, always with an

iterative refinement process.

By integrating AI into your testing practices, you're not just making your workflow

faster; you're building a more robust and reliable codebase.

What's Next?

In the next chapter, we'll shift our focus to AI-Powered Code Review and

Refactoring. We'll explore how these intelligent assistants can help you improve

code quality, enforce best practices, and even suggest refactoring opportunities

to make your codebase cleaner and more maintainable. Get ready to elevate your

code quality to new heights!

References

GitHub Copilot Features: https://docs.github.com/en/copilot/get-started/

features

GitHub Copilot CLI command reference: https://docs.github.com/en/

copilot/reference/copilot-cli-reference/cli-command-reference

Pytest Documentation: https://docs.pytest.org/en/stable/

Cursor IDE (as of March 2026, focused on agent/automation

features): https://www.cursor.com/

This page is AI-assisted and reviewed. It references official documentation and

recognized resources where relevant.
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CHAPTER 03

Automating with Intelligence:
Introduction to AI Agents and
Automations

Automating with Intelligence: Introduction to AI
Agents and Automations

Welcome back, future-forward developer! In our previous chapters, we explored

the incredible power of AI copilots for generating code, understanding context,

and assisting with debugging. We saw how tools like GitHub Copilot and Cursor

can act as intelligent assistants, providing suggestions and accelerating our

coding.

But what if AI could go beyond just suggesting? What if it could act on its own,

monitor your project, and even initiate complex tasks based on defined triggers?

That's precisely where AI agents and automations come into play, representing

the next frontier in AI-assisted development.

In this chapter, we're going to dive deep into this exciting evolution. We'll

differentiate between the reactive nature of traditional copilots and the proactive,

autonomous capabilities of AI agents. We'll explore how modern IDEs like Cursor

2.6 are empowering developers with event-driven automations, and how GitHub

Copilot is also moving towards more agent-like features. By the end, you'll

understand how to leverage these intelligent systems to automate repetitive

tasks, streamline workflows, and free up your time for higher-level problem-

solving. Get ready to embrace a new level of developer productivity!

What are AI Agents? Beyond the Copilot

You've already experienced the "copilot" paradigm: an AI that offers suggestions,

completes code, and answers questions when you ask it. Think of it as a highly

skilled intern waiting for your instructions.

AI Agents take this a significant step further. Imagine that intern not only waiting

for instructions but also proactively observing your work, identifying opportunities

to help, and even executing multi-step tasks without constant prompting. That's

an AI agent!
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Here's a breakdown of their key characteristics:

Autonomy: Unlike copilots that wait for your input, agents can initiate

actions based on internal goals or external triggers.

Goal-Oriented: Agents are designed to achieve specific objectives, which

can be complex and require multiple steps.

Perception & Memory: They can "perceive" their environment (e.g.,

project files, commit messages, issue trackers), and often maintain a

"memory" of past interactions and states to inform future actions.

Planning & Deliberation: Agents can break down a complex goal into

smaller, manageable sub-tasks and plan a sequence of actions to achieve

them.

Tool Use: They can interact with various "tools" – these could be internal

functions, external APIs, shell commands, or even interacting with your IDE's

features to read or modify code.

The Crucial Distinction: Copilot vs. AI Agent

Let's visualize this difference. A traditional copilot is reactive, while an AI agent is

proactive.

Notice how the "AI Agent / Automation Workflow" starts with an Event Trigger

and the agent independently moves through Perceives , Plan , and Action

1. 
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steps before presenting a Proposed Change  for human review. This "human-in-

the-loop" review is a critical safety mechanism.

Cursor 2.6: The Automation Release

As of March 2026, Cursor IDE has made significant strides in the agent space with

its "Automation Release" (version 2.6). Cursor's automations are essentially

event-driven AI agents that operate within your IDE, designed to perform specific

tasks.

How Cursor Automations Work (Conceptually):

Define a Trigger: This is the event that kicks off the automation. Examples

include:

Saving a file ( onFileSave )

Committing code ( onGitCommit )

Opening a specific file type ( onFileOpen )

Running a test ( onTestRun )

Even custom events you define!

Assign an Agent Persona: You give the AI agent a role (e.g., "Python

Docstring Generator," "TypeScript Linter Fixer," "Code Review Bot"). This

helps the AI understand its objectives and constraints.

Specify the Task/Goal: Clearly articulate what the agent should do when

triggered. This is where robust prompt engineering becomes paramount.

Review and Apply: Crucially, Cursor automations are designed with a

"human-in-the-loop" approach. The agent proposes changes, and you, the

developer, review and explicitly approve or reject them before they are

applied to your codebase. This prevents unexpected or incorrect

modifications.

This allows Cursor to transform from a powerful coding assistant into a proactive

partner that handles mundane, repetitive, or even complex multi-step tasks for

you.

GitHub Copilot's Evolution Towards Agents

While GitHub Copilot is primarily known for its inline code suggestions and chat

features, it's also evolving towards more agent-like capabilities. For instance, the

GitHub Copilot CLI (https://docs.github.com/en/copilot/reference/copilot-cli-
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reference/cli-command-reference) allows you to ask for shell commands, and

future iterations are expected to integrate more deeply with workflows like:

Assigning GitHub Issues: Imagine assigning a small, well-defined issue

directly to Copilot, which then proposes a pull request with the

implementation.

Automated PR Reviews: Copilot could analyze pull requests for common

issues, style violations, or even security vulnerabilities, providing initial

feedback.

Test Generation for New Code: Upon committing new code, an agent

could automatically suggest or generate unit tests.

These features, though still developing, highlight the industry's shift towards more

autonomous, agent-driven AI assistance in development.

The Power of Prompt Engineering for Agents

With agents, prompt engineering becomes even more critical and nuanced than

with simple copilots. You're not just asking for a snippet; you're often defining a

goal, constraints, and success criteria for an autonomous entity.

Here are some best practices for crafting effective prompts for AI agents:

Define the Agent's Role (System Prompt): Start by telling the AI who it

is.

You are an expert Python developer specialized in writing

clean, well-documented code.

You are a security auditor focused on identifying common

web vulnerabilities.

Clearly State the Goal: Be explicit about what the agent needs to achieve.

Your task is to add comprehensive Google-style docstrings

to all new Python functions in this file.

Refactor the 'calculateOrderTotal' function to improve

readability and performance, ensuring all existing tests

still pass.

Provide Context: Agents need to understand the environment. While they

often have access to your project, you might need to highlight specific files

or relevant information.

Consider the existing utility functions in 'utils.py' when

proposing solutions.
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Specify Constraints & Requirements: What should the agent not do, or

what specific format should it follow?

Do not introduce new dependencies.

Ensure the refactored code adheres to PEP 8 style

guidelines.

Generate tests using the 'pytest' framework.

Define Success Criteria: How will the agent know it has succeeded?

A successful outcome will result in all functions having

docstrings, and no new linting errors introduced.

Success is achieved when the function is refactored, all

existing tests pass, and code complexity is reduced by at

least 10%.

Iterate and Refine: Agent prompts are rarely perfect on the first try.

Observe the agent's behavior, and refine your prompt to guide it more

effectively.

Step-by-Step Implementation: Conceptualizing a Docstring
Automation

Let's walk through how you might conceptually set up an automation in an IDE

like Cursor 2.6 to automatically add docstrings to new Python functions. While the

exact UI steps will vary, the underlying principles apply.

Scenario: You want an automation that detects new Python functions without

docstrings and automatically generates them in Google-style format.

Step 1: Define the Goal The overall goal is to ensure all new Python functions

are properly documented.

Step 2: Identify the Trigger The most logical trigger here is when a Python file

is saved and contains new or modified functions. Cursor's onFileSave  event,

combined with an analysis of the file's Abstract Syntax Tree (AST), would be ideal.

Step 3: Specify the Action The agent needs to: 1. Identify functions lacking

docstrings. 2. Analyze the function signature (parameters, return types) and

potentially surrounding code for context. 3. Generate a Google-style docstring. 4.

Insert the docstring into the correct location.

Step 4: Craft the Agent's Prompt (Core Instruction)

This prompt would be given to the AI model powering the agent:
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You are an expert Python documentation specialist.
Your task is to identify Python functions within the provided code that are 
missing docstrings and generate a comprehensive Google-style docstring for 
each.

Guidelines:
- Analyze the function signature (parameters, return type hints) and its body 
to infer its purpose.
- Include a brief summary, a 'Args' section for parameters (with type and 
description), and a 'Returns' section for the return value (with type and 
description).
- Ensure the docstring is correctly indented and follows standard Google-style 
formatting.
- Do not modify any existing docstrings. Only add to functions that currently 
lack one.
- Only propose changes within the function's scope.

Step 5: Setting up the Automation in Cursor (Conceptual Flow)

In Cursor 2.6, you would typically:

Open the Automations Panel: Navigate to the specific panel or menu for

creating new automations.

Create New Automation: Click a button like "New Automation" or "Add

Agent."

Choose Trigger: Select onFileSave  and specify *.py  for Python files.

Define Agent Persona & Task:

You'd input the prompt from Step 4 into the designated "Agent

Instructions" or "Task Definition" field.

You might also give the agent a name like "Python Docstring Bot."

Configure Review: Ensure the "Require Human Review" option is enabled

(which it usually is by default for code modification automations).

Activate: Save and activate the automation.

Now, whenever you save a Python file with a newly written function without a

docstring, Cursor's agent will analyze it, generate a docstring based on your

prompt, and present you with a diff to review and apply!

Mini-Challenge: Your First Automation Idea

Let's get those agent-thinking gears turning!

Challenge: Think about a repetitive, tedious task you often perform during your

development workflow. This could be anything from fixing linting errors to

generating boilerplate code for new components. Describe this task and then

outline how you would design an AI agent to automate it.
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Consider these questions as you formulate your idea: 1. What is the specific task

you want to automate? 2. What would be the trigger for this automation? 3. What

would the agent's "persona" or role be? 4. What would be the core instructions or

prompt you'd give the agent? 5. What are the success criteria for this

automation?

Hint: Start small! Simple tasks like "add import statements," "format code," or

"generate basic test stubs" are excellent candidates.

What to observe/learn: This exercise helps you internalize the agent paradigm:

identifying triggers, defining clear goals, and crafting specific instructions. It shifts

your perspective from doing the task to describing how an AI could do it.

Common Pitfalls & Troubleshooting with AI Agents

While incredibly powerful, AI agents aren't magic. Here are some common

challenges and how to address them:

Over-Automation and Blind Trust:

Pitfall: Setting up automations that make significant changes without

sufficient human review, leading to subtle bugs, unexpected behavior, or

even security vulnerabilities being introduced.

Troubleshooting: Always maintain a "human-in-the-loop" approach. Treat

agent-generated changes as suggestions. Review the diffs thoroughly,

understand why the agent made a change, and only apply if you're

confident. Start with small, low-impact automations.

Insufficient Context:

Pitfall: Agents generating irrelevant, inefficient, or incorrect code because

they don't have enough understanding of the broader project, specific

conventions, or intricate business logic.

Troubleshooting: Improve your prompts! Provide links to relevant

documentation, architectural diagrams, or example code. Ensure the agent

has access to the necessary project files. For complex tasks, break them

down into smaller sub-tasks, giving the agent more focused context for

each.

Prompt Ambiguity and Hallucination:

Pitfall: Vague or contradictory prompts leading the agent to make

assumptions, misinterpret instructions, or "hallucinate" plausible but

incorrect solutions.
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Troubleshooting: Be extremely precise and explicit in your prompts. Use

active voice, define constraints, and provide examples if possible. Iterate on

your prompts – if an agent behaves unexpectedly, it's often a sign your

prompt needs refinement.

Security and Intellectual Property Concerns:

Pitfall: Allowing agents to interact with external models using proprietary

code or sensitive data without understanding the privacy implications.

Agents having too broad write access can also be a security risk.

Troubleshooting: Understand how your AI tool processes and stores your

code. Many modern IDEs like Cursor process code locally or via secure,

isolated environments. For cloud-based services, review their data handling

policies. Limit an agent's permissions to only what's necessary for its task.

Never allow an agent to automatically push changes to production without

rigorous human review and testing.

Summary

Phew, we've covered a lot in this chapter! The jump from simple copilots to

autonomous AI agents and automations is a significant one, promising to redefine

how we develop software.

Here are the key takeaways:

AI Agents vs. Copilots: Copilots are reactive assistants; AI agents are

proactive, goal-oriented, and can perform multi-step actions based on

triggers.

Key Agent Capabilities: Autonomy, goal-orientation, perception, memory,

planning, and tool use.

Cursor 2.6 Automations: A prime example of event-driven AI agents

integrated directly into the IDE, allowing for custom, proactive workflows.

GitHub Copilot's Evolution: Copilot is also moving towards more agent-

like features, enhancing its capabilities beyond basic code generation.

Prompt Engineering is King: Crafting clear, specific, and contextual

prompts is even more crucial for agents, defining their role, goals,

constraints, and success criteria.

Human-in-the-Loop: Always review and approve agent-proposed changes

to ensure correctness, security, and adherence to best practices.
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By understanding and strategically employing AI agents and automations, you

can significantly boost your productivity, offload repetitive tasks, and focus your

creative energy on solving the truly challenging problems.

In our next chapter, we'll dive deeper into advanced prompt engineering

techniques and explore how to orchestrate multiple AI agents for even more

complex development workflows. Get ready to become a conductor of intelligent

systems!

References

GitHub Copilot CLI command reference: https://docs.github.com/en/copilot/

reference/copilot-cli-reference/cli-command-reference

GitHub Copilot features: https://docs.github.com/en/copilot/get-started/

features

GitHub Copilot: https://github.com/copilot

Cursor IDE Official Documentation (Referenced for general concepts of

automations, specific version 2.6 features as of March 2026): https://

www.cursor.sh/ (Note: Specific documentation links for Cursor 2.6

Automations would be provided if available and stable from their official

site.)

This page is AI-assisted and reviewed. It references official documentation and

recognized resources where relevant.
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CHAPTER 04

Best Practices for AI-
Augmented Development:
Security, Ethics, and IP

Introduction to Responsible AI-Augmented
Development

Welcome back, future-forward developer! In our journey so far, we've explored

the incredible capabilities of AI coding systems like GitHub Copilot and Cursor 2.6.

We've seen how these tools can dramatically boost productivity, generate code,

assist with debugging, and even orchestrate complex tasks through intelligent

agents. It's truly a new era for software development!

However, with great power comes great responsibility. As we integrate AI more

deeply into our development workflows, it's crucial to address the significant

implications surrounding security, ethics, and intellectual property (IP). Blindly

trusting AI output or neglecting these concerns can lead to serious risks, from

data breaches and biased systems to legal disputes over code ownership.

In this chapter, we'll equip you with the knowledge and best practices to navigate

the complexities of AI-augmented development responsibly. We'll dive into secure

prompt engineering, robust code review, managing data privacy, understanding

ethical pitfalls, and protecting intellectual property. Our goal is to empower you to

leverage AI's benefits while mitigating its risks, ensuring you remain a responsible

and effective developer in this evolving landscape.

Core Concepts for Responsible AI Integration

Integrating AI into your coding workflow isn't just about efficiency; it's about doing

so safely and ethically. Let's break down the core concepts that form the

foundation of responsible AI-augmented development.

1. Secure Prompt Engineering: Guarding Your Inputs

Prompt engineering is the art of crafting effective instructions for AI. But it's also

your first line of defense against security and privacy risks. Think of your prompts

as sensitive queries to a powerful, but sometimes naive, assistant.
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What is it?

Secure prompt engineering involves designing prompts that are clear, specific,

and provide just enough context for the AI to generate useful output without

exposing sensitive information or creating vulnerabilities.

Why is it important?

Many AI coding tools send your prompts (and surrounding code context) to cloud-

based models for processing. If you include proprietary algorithms, API keys,

personal identifiable information (PII), or other confidential data directly in your

prompts, you risk exposing it. Additionally, poorly constructed prompts can lead

to the AI generating insecure code, or even "prompt injection" vulnerabilities

where malicious input could influence AI behavior.

How it functions in practice:

Instead of pasting an entire sensitive function, abstract its purpose. Instead of

asking for code that uses a specific, secret API key, ask for a placeholder or a

general pattern for secure retrieval. This minimizes the chance of sensitive data

leaving your local environment.

2. Thorough Code Review and Testing: Human Oversight is
Paramount

AI-generated code is a powerful starting point, but it's rarely a finished product.

It's essential to treat AI output with healthy skepticism and integrate it into your

existing quality assurance processes.

What is it?

This concept emphasizes that all AI-generated code, whether it's a snippet from

Copilot or an entire feature from a Cursor 2.6 agent, must undergo the same

rigorous human code review, testing, and validation as manually written code.

Why is it important?

AI models can "hallucinate" code that looks plausible but is incorrect, inefficient,

or even insecure. They might introduce subtle bugs, performance bottlenecks, or

security vulnerabilities that are hard to spot without careful review. Relying solely

on AI without human oversight can lead to a fragile, insecure, and unmaintainable

codebase.

How it functions in practice:

This means peer review, unit tests, integration tests, and security scans (Static

Application Security Testing/Dynamic Application Security Testing - SAST/DAST)
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should all be applied to AI-generated code. AI tools can assist in generating these

tests, but humans must validate them.

Figure 11.1: AI-Augmented Code Review and Testing Flow

3. Data Privacy and Confidentiality: Knowing Where Your Code
Goes

Understanding how AI tools handle your data is critical, especially when working

with proprietary or sensitive projects.
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What is it?

This concept focuses on the policies and technical mechanisms that govern how

AI coding tools process, store, and utilize your code and prompts. It covers

whether data stays local, goes to the cloud, and how it's used for model training.

Why is it important?

Different AI tools have different data handling policies. For instance, GitHub

Copilot offers options to prevent your code snippets from being used for model

training, but by default, it might send telemetry and code context to GitHub's

servers. Cursor 2.6, on the other hand, emphasizes its capability to run models

locally, offering enhanced privacy for sensitive projects. Failing to understand

these policies can lead to breaches of company policy, non-disclosure agreements

(NDAs), or regulatory compliance (e.g., GDPR, HIPAA).

How it functions in practice:

Always check your AI tool's settings and your company's guidelines. For

enterprise use, many vendors offer private instances or on-premise solutions. For

individual developers, be aware of the "opt-out" options for data sharing, if

available, and understand the implications.

4. Ethical Considerations and Bias: Building Fair Systems

AI models learn from vast datasets, which often reflect existing human biases.

This means AI-generated code can inadvertently perpetuate or introduce

unfairness.

What is it?

This involves recognizing that AI models, trained on historical data, can absorb

and reflect biases present in that data. This can manifest as code that performs

differently or less effectively for certain demographics, or perpetuates

stereotypes. It also includes considering the broader impact of AI on the

developer workforce and skill development.

Why is it important?

Biased code can lead to discriminatory outcomes in software, impacting users

unfairly. For example, an AI-generated facial recognition algorithm might perform

worse on certain skin tones if the training data was imbalanced. Beyond direct

bias, there's an ethical debate about over-reliance on AI potentially hindering a

developer's core problem-solving skills or diminishing the human element of

creativity in coding.
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How it functions in practice:

Developers must actively review AI-generated code for potential biases,

especially in critical applications. This requires diverse development teams and

rigorous testing with varied datasets. We must also consciously balance AI

assistance with continued skill development, ensuring we don't lose our own

problem-solving edge.

5. Intellectual Property (IP) and Licensing: Who Owns the Code?

The question of ownership and licensing for AI-generated code is a rapidly

evolving legal and ethical landscape.

What is it?

This concept addresses who holds the copyright to code generated by AI,

especially when the AI is trained on vast amounts of existing code (some open-

source, some proprietary). It also touches on how to attribute or license such

code.

Why is it important?

If an AI generates code that closely resembles existing copyrighted material, it

could lead to legal challenges. For example, early discussions around GitHub

Copilot raised questions about whether it "copies" open-source code and if its

output should carry the original license. Companies need clear policies on how to

manage AI-generated code, especially if it's destined for proprietary products or

open-source contributions.

How it functions in practice:

While the legal landscape is still developing (as of March 2026), current best

practice is to assume that AI-generated code, if it's a novel creation by the

developer using the tool, is owned by the developer or their employer. However, if

the AI output contains verbatim or near-verbatim snippets of existing licensed

code, the original license might apply. Always review AI-generated code for

distinct patterns or structures that might indicate a direct copy, and consult legal

counsel for specific guidance.

Step-by-Step Implementation: Applying Best
Practices in Your Workflow

Now that we understand the core concepts, let's look at how to integrate these

best practices into your daily development routine.
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Step 1: Configuring Your AI Environment for Privacy and
Security

Before you even write your first prompt, ensure your tools are set up securely.

This is a foundational step for responsible AI-augmented development.

Action: Review and configure the privacy settings for your AI coding tools.

For GitHub Copilot (as of March 2026):

Open your IDE (e.g., Visual Studio Code).

Navigate to Settings: Use the shortcut Ctrl+,  (Windows/Linux) or Cmd+,

(macOS).

Search for "Copilot": In the search bar, type "Copilot" to filter the settings.

Review Telemetry Options: Look for options related to "GitHub Copilot:

Telemetry" or "GitHub Copilot: Send anonymous usage data". While

telemetry helps improve the tool, for maximum privacy, you might want to

disable options that send your code snippets for model improvement.

Consult Official Docs: Always refer to the official GitHub Copilot

documentation for the most current and specific privacy settings, especially

for enterprise accounts.

For Cursor 2.6 (as of March 2026 - "The Automation Release"):

Cursor has a strong focus on privacy, especially with its local model

capabilities. This is a key differentiator.

Prioritize Local Models: When working on sensitive projects, prioritize

using Cursor's local models. You can often configure this directly within the

Cursor IDE settings.

Check Model Selection/Data Sharing: Look for settings related to "Model

Selection" or "Data Sharing" to ensure your code is processed locally or

through secure enterprise channels if available.

Leverage Local Automations: Cursor 2.6's new automations can be

configured to operate entirely within your local codebase without sending

data externally, provided you're using locally run models. This offers a

significant privacy advantage for proprietary work.

Why this matters: These settings determine what data leaves your machine

and how it might be used. Taking a moment to configure them correctly is a

crucial first step in protecting your project's confidentiality and intellectual

property.

1. 

◦ 

• 

• 

• 

• 
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• 
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• 

AI VOID [https://aivoid.dev]

Best Practices for AI-Augmented Development: Security, Ethics, and IP 40



Step 2: Crafting Secure and Effective Prompts

Your prompts are the gateway to AI's power. Let's learn to write them securely,

maximizing utility while minimizing risk.

Action: Practice writing prompts that provide sufficient context for the AI to

generate useful code, without revealing sensitive data.

Identify Sensitive Information:

Before writing any prompt, quickly scan your current task or the

surrounding code for any API keys, database credentials, personal

identifiable information (PII) like user emails, or proprietary algorithm

details. If you spot any, make a mental note to abstract them.

Abstract or Generalize Sensitive Data:

Instead of copying or referencing sensitive data directly, create

placeholders or describe the type of data needed in a generic way.

Let's walk through an example:

Scenario: You need a Python function to send an email. Your User  class

currently holds a secret_api_key  for an email service.

Original (Vulnerable) Code Context (Don't paste this directly into a

prompt!): Imagine this is in your user.py  file:

# user.py
class User:

def __init__(self, name, email, secret_api_key):
self.name = name
self.email = email
self.secret_api_key = secret_api_key

def get_email_api_key(self):
return self.secret_api_key

Example of a LESS Secure Prompt (Avoid this!):

"Generate a Python function `send_email_notification` that takes a `User` 
object and a `message` string. It should use `User.secret_api_key` for 
authentication with `MailService.send_email(to, subject, body, api_key)`."

Problem with this prompt: This prompt explicitly mentions 

User.secret_api_key  and its direct usage. While the AI might not know the

value, the pattern of accessing a secret_api_key  field on a User  object,

coupled with the MailService  API signature, could potentially leak sensitive

design patterns or even the data itself if the surrounding code context is sent.

1. 

◦ 

2. 

◦ 
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Example of a MORE Secure and Effective Prompt:

"Generate a Python function `send_notification_email` that takes 
`recipient_email`, `subject`, and `body` as arguments. This function should use 
a pre-configured email service client (assume `email_service_client` is 
available and securely initialized elsewhere) for sending. The email service 
requires an API key for authentication, which should be retrieved securely from 
environment variables or a configuration object, not hardcoded within this 
function. Include basic error handling for sending failures."

Why this is better:

Clear Purpose: It clearly defines the function's purpose, arguments, and

expected behavior.

Abstraction: It abstracts the "API key" concept, instructing the AI to

assume secure retrieval (environment variables, config object) rather than

asking it to use a specific, exposed key or direct access pattern.

No Sensitive Data in Prompt: It avoids sending the actual 

secret_api_key  value or its direct usage pattern in the prompt context.

Focus on Structure: It focuses the AI on the structure and logic of the

email sending function, not on specific sensitive values or their direct

source.

Remember: The AI can infer a lot from your surrounding code. Focus your

prompts on the task and structure you need, not on specific sensitive values or

their direct location within your proprietary codebase.

Step 3: Integrating AI Output into Your Code Review Process

AI-generated code needs a human touch. Let's establish a structured review

workflow to ensure quality and security.

Action: Adopt a structured approach for reviewing and integrating AI-generated

code into your project.

Treat AI Code as a Draft:

Never merge AI-generated code directly into your main branch. Always

consider it a highly intelligent first draft that requires human validation.

Human Code Review Checklist:

Correctness: Does the code actually solve the problem as intended? Is the

logic sound?

• 

• 

• 

• 
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Efficiency: Is it performant? Are there better algorithms or data structures

that could be used?

Security: Are there any obvious vulnerabilities (e.g., SQL injection, Cross-

Site Scripting (XSS), insecure deserialization)? Does it handle user inputs

safely (validation, sanitization)?

Maintainability: Is the code clean, readable, well-commented, and adheres

to your project's coding standards and style guides?

Testability: Is it easy to write tests for this code? Does it come with tests (if

the AI generated them)? Are those tests sufficient and correct?

Dependencies: Does it introduce unnecessary or insecure third-party

dependencies?

IP/Licensing: Does the code look too similar to existing licensed code?

(This often requires a developer's "gut feeling" but is important to flag.)

Augment with Automated Tools:

Static Analysis: Run static analysis tools (linters, code formatters, security

scanners like Bandit for Python, ESLint for JavaScript, SonarQube) on all AI-

generated code.

Automated Tests: Ensure comprehensive unit and integration tests are

written and pass. AI can help generate these tests, but humans must

validate their coverage and correctness against requirements.

Security Scanners: Integrate SAST and DAST tools into your CI/CD pipeline

to automatically scan for common vulnerabilities.

Scenario: An AI agent (e.g., Cursor 2.6 Automation, GitHub Copilot Agent)

creates a pull request (PR) to implement a new feature or fix a bug.

Developer's Role:

Review the PR: Examine the PR description, the proposed changes, and

the context provided by the AI.

Critically Examine Code: Go through the AI-generated code line by line.

Don't just skim!

Provide Feedback: Suggest human-led improvements or request the AI

agent to refine its output based on your feedback. This iterative feedback

loop is crucial.

Verify Tests: Ensure all tests (human-written and AI-assisted) pass and

provide adequate coverage.

• 
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Align with Standards: Verify the code aligns with project architecture,

security policies, and coding conventions.

This iterative process of AI generation and human refinement is key to safe,

effective, and high-quality AI-augmented development.

Mini-Challenge: Reviewing an AI-Generated
Security Fix

Let's put your critical thinking to the test! This challenge will highlight why

understanding the underlying technology is paramount, even with AI assistance.

Challenge: Imagine an AI agent has proposed a fix for a potential SQL Injection

vulnerability in a Python Flask application. It generated the following code snippet

to replace an existing, unsafe query.

Original (Vulnerable) Code:

# app.py
from flask import Flask, jsonify, request
import sqlite3

app = Flask(__name__)

# Assume a database connection is established
def get_db_connection():

conn = sqlite3.connect('database.db')
conn.row_factory = sqlite3.Row
return conn

@app.route('/users/<username>')
def get_user_profile(username):

conn = get_db_connection()
cursor = conn.cursor()
# DANGER: Directly concatenating user input into SQL query!
query = f"SELECT * FROM users WHERE username = '{username}'"
cursor.execute(query)
user = cursor.fetchone()
conn.close()
return jsonify(user)

AI-Generated Fix:

• 
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# app.py (AI-generated fix snippet)
# ... (rest of the Flask app setup)

@app.route('/users/<username>')
def get_user_profile(username):

conn = get_db_connection()
cursor = conn.cursor()
# AI-generated fix for SQL injection
query = "SELECT * FROM users WHERE username = %s"
cursor.execute(query, (username,)) # Using parameterized query
user = cursor.fetchone()
conn.close()
return jsonify(user)

Your task is to review the AI-generated fix for: 1. Correctness: Does this specific

fix actually resolve the SQL injection vulnerability in the context of sqlite3 ? 2. 

Completeness: Are there any other considerations or improvements you'd

suggest beyond the immediate fix for this endpoint? 3. Security Best Practices:

Does it adhere to general secure coding principles for database interactions?

Hint: Think about what cursor.execute()  expects for parameterized queries in 

Python's sqlite3  module specifically. Different database connectors (e.g., 

psycopg2  for PostgreSQL) might use different placeholder syntaxes. Also,

consider error handling and what jsonify  might do with None  if no user is

found.

What to observe/learn: This challenge highlights the importance of

understanding the underlying technology (specific database connector syntax for

SQL parameterization) even when AI provides a solution. It also encourages

thinking about holistic code quality and robustness beyond just the immediate

bug fix.

Common Pitfalls & Troubleshooting

Even with best practices, you might encounter issues when integrating AI into

your development workflow. Here are some common pitfalls and how to address

them effectively.

Blindly Accepting AI-Generated Code:

Pitfall: Merging code into your codebase without thorough human review,

assuming the AI is always correct and produces production-ready solutions.

This is the most dangerous and common pitfall.

Troubleshooting:

1. 

• 

• 
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Always review: Treat every piece of AI output as a highly intelligent draft,

not a final solution.

Run tests: Ensure your existing test suite covers the new code, and if

necessary, write new tests to validate AI-generated functionality.

Manual verification: Step through the AI's logic in your head, using a

debugger, or by writing small test cases.

Peer review: Always involve another human developer in the review

process for critical code paths.

Leaking Sensitive Data via Prompts or Context:

Pitfall: Accidentally including API keys, confidential business logic, personal

identifiable information (PII), or other sensitive data directly in your prompts

or in the surrounding code that the AI sends for context.

Troubleshooting:

Abstract prompts: Generalize details and use placeholders instead of

actual sensitive values. Focus on what you need the code to do, not how it

uses specific secrets.

Configure privacy: Regularly review and adjust your AI tool's data sharing

settings (e.g., GitHub Copilot telemetry, Cursor's local model options) to

align with your organization's security policies.

Follow company policy: Adhere strictly to your organization's guidelines

for using AI tools, especially with sensitive or proprietary data.

Prioritize local-first: For highly sensitive work, prioritize tools like Cursor

2.6 that support local model execution, ensuring your code never leaves

your machine.

Generating Incorrect or Hallucinated Code:

Pitfall: The AI provides code that looks plausible but contains subtle bugs,

uses deprecated APIs, is fundamentally incorrect for your specific context, or

introduces security vulnerabilities.

Troubleshooting:

Specific prompts: Refine your prompts to be more precise and provide

relevant contextual constraints (e.g., "using requests  library in Python

3.10," "implement this using React hooks," "ensure thread safety").

Iterate and provide feedback: If the first suggestion isn't quite right,

don't give up! Give specific feedback to the AI or try a different phrasing for

your prompt.
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Verify syntax & logic: Always double-check AI-generated code against

official documentation for the language, framework, or library you are using.

Test-driven approach: Consider writing your tests first, then using AI to

generate code that passes those tests. This forces the AI to meet concrete

specifications.

Over-Reliance on AI, Hindering Skill Development:

Pitfall: Using AI to solve every problem without attempting to understand

the underlying concepts, debugging processes, or design patterns. This can

lead to a degradation of your own problem-solving skills and a superficial

understanding of your codebase.

Troubleshooting:

Active learning: Use AI to explain code or concepts, not just generate

solutions. Ask questions like "Explain this code," "Why is this approach

better than X?", or "How does this algorithm work?"

Challenge yourself: Try to solve problems independently first. If you get

stuck, then use AI to get hints or explore alternative solutions, but always

strive to understand why the solution works.

Focus on higher-level tasks: Delegate boilerplate code generation and

repetitive tasks to AI, but invest your human cognitive power in architecture

design, complex problem-solving, strategic thinking, and creative solutions.

By being mindful of these common pitfalls and proactively applying these

troubleshooting strategies, you can maximize the benefits of AI while effectively

minimizing the associated risks.

Summary: Developing Responsibly with AI

Phew! We've covered a lot of ground in this chapter, and for good reason.

Responsible AI-augmented development isn't just a recommendation; it's a

necessity in today's rapidly evolving tech landscape.

Here are the key takeaways from our discussion:

Secure Prompt Engineering: Always craft clear, specific prompts that

provide context without revealing sensitive data. Abstract confidential

information and assume your prompts are sent to external services unless

you're using local models.
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Thorough Code Review: Treat all AI-generated code as a draft. Subject it

to the same rigorous human code review, automated testing, and security

scanning as manually written code. Human oversight is non-negotiable.

Data Privacy & Confidentiality: Understand your AI tool's data policies.

Configure privacy settings (e.g., GitHub Copilot telemetry, Cursor's local

models) to align with your organization's requirements and non-disclosure

agreements (NDAs).

Ethical Considerations: Be aware of potential biases in AI-generated code

and actively work to mitigate them through diverse teams and robust

testing. Balance AI assistance with your own continuous skill development.

Intellectual Property & Licensing: Exercise caution regarding the

ownership and licensing of AI-generated code. Review for potential

similarities to existing copyrighted material and consult legal guidance when

in doubt.

Human-in-the-Loop: Maintain human oversight and critical thinking as the

ultimate decision-making authority in the development process. AI

augments, it does not replace the developer's essential role.

As AI coding systems continue to advance—with tools like Cursor 2.6 pushing the

boundaries of autonomous agents and local model execution—these best

practices will become even more critical. You are at the forefront of this

revolution, and by embracing responsible development, you'll not only build

better software but also contribute to a more secure and ethical future for coding.

What's Next?

In our final chapter, we'll look ahead to the future of AI-augmented development.

We'll explore emerging trends, what's on the horizon for tools like Cursor and

Copilot, and how you can continue to adapt and thrive in this exciting new era.

Get ready to envision the next evolution of coding!
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CHAPTER 05

Beyond Snippets: Generating
Functions, Classes, and Files

Introduction

Welcome back, future-forward developer! In previous chapters, we likely dipped

our toes into the exciting world of AI-assisted coding, perhaps generating small

code snippets, completing lines, or getting quick syntax help. That's fantastic for

boosting micro-productivity, but what if we could go bigger? What if our AI

assistant could craft entire functions, define complex classes, or even scaffold

new files for us?

This chapter is all about leveling up your AI interaction. We'll explore how to guide

tools like Cursor 2.6 and GitHub Copilot to generate more substantial code blocks,

moving beyond simple autocomplete to more complex structures. You'll learn the

art of "macro" prompt engineering, understanding how AI leverages project

context to generate coherent, larger units of code. By the end, you'll be able to

harness your AI coding partner to accelerate feature development, reduce

boilerplate, and tackle more intricate coding tasks with confidence.

Get ready to transform your AI from a helpful spell-checker into a true co-

developer!

Core Concepts: From Lines to Logic Blocks

Generating full functions, classes, or files requires a deeper understanding of how

AI coding assistants process your requests and leverage context. It's not just

about asking for code; it's about providing the right canvas and the right

instructions.

The Power of Context Awareness

Remember how AI tools understand the surrounding code? This "context

awareness" is crucial when generating larger structures. They analyze:

Open files: What code is already in your current file?

Project structure: What other files are in your project, and what do they

contain? (e.g., existing classes, interfaces, utility functions).

Comments and docstrings: Your natural language descriptions are gold!

• 
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Variable names and types: The AI infers intent from your existing

declarations.

Imports: What libraries are you already using?

When you ask for a function, the AI doesn't just pull a generic one from its

training data. It tries to create a function that fits your current project's style,

naming conventions, and dependencies. This is why having a well-structured

project and clear existing code is paramount.

Prompt Engineering for Larger Structures

Crafting effective prompts is your superpower. For larger code blocks, your

prompts need to be:

Clear and Specific: Avoid ambiguity. Instead of "make a user function," try

"create a User  class with name  and email  properties and a method to 

greet  the user."

Contextual: Reference existing parts of your project. "Given the Product

interface in types.ts , create a function calculateTotalPrice  that takes

an array of Product  objects."

Intent-Focused: Describe what you want the code to do, not just how you

think it should be implemented. Let the AI suggest the best approach.

Iterative: It's rare to get perfect code on the first try. Be prepared to refine

your prompt or the generated code. Think of it as a conversation.

Understanding the Workflow: Request, Generate, Review,
Refine

The process for generating larger code units typically follows these steps:

Identify the Need: What function, class, or file do you need?

Formulate the Prompt: Craft a clear, contextual prompt.

Trigger Generation: Use your AI tool's specific command (e.g., chat

prompt, inline command, copilot create ).

Review and Understand: CRITICAL! Never blindly accept. Read every

line. Does it make sense? Is it secure? Does it fit your project's standards?

Refine:

Prompt Refinement: If the output is off, modify your prompt and try again.

Code Editing: Manually adjust the generated code to fix minor issues or

improve it.
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Ask for Changes: Use conversational AI (like Cursor's chat) to request

specific modifications.

This iterative loop is key to transforming AI-generated code into production-ready

solutions.

Visualizing the AI Code Generation Workflow

Let's visualize this iterative process:

This diagram emphasizes that AI generation is not a one-shot solution but a

guided, iterative process with the developer always in the loop.

• 
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Step-by-Step Implementation: Generating
Functions, Classes, and Files

Let's get hands-on! We'll use a combination of inline suggestions and chat-based

interactions, which are common across tools like Cursor (v2.6, "The Automation

Release") and GitHub Copilot.

Scenario: Building a Simple User Management System

Imagine we're building a backend for a user management system. We need a 

User  class, a function to validate email addresses, and perhaps a new utility file

for common helpers.

Prerequisites: * You have Cursor IDE (v2.6+) or VS Code with GitHub Copilot

installed and an active subscription. * An empty project directory opened in your

IDE.

Step 1: Generating a Python Class

Let's start by defining a User  class in Python.

Create a new file: In your project, create a file named user_manager.py .

Add a prompt: At the top of the empty user_manager.py  file, add a

comment describing the class you want.

```python

1. 
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Path: user_manager.py

Create a Python class named
'User' with attributes:

- id (integer, unique)

- username (string)

- email (string)

- created_at (datetime,
default to now)

Include an init method for
initialization.

Add a method display_info
that returns a formatted
string of user details.

Ensure id is automatically
generated if not provided
(e.g., using uuid).
```

Trigger AI Generation:

Cursor: Often, simply typing the comment and then a new line will trigger

an inline suggestion. If not, open the Cursor chat (Ctrl+K or Cmd+K) and

reference the comment, or select the comment and ask "Generate class

based on this."

3. 
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GitHub Copilot (VS Code): After the comment, start typing class User:

and Copilot should begin suggesting the rest. For more explicit generation,

use the Copilot Chat ( Ctrl+I  or Cmd+I  for inline chat, or Ctrl+Shift+P /

Cmd+Shift+P  and search for "Copilot: Open Chat"). In the chat, you can

paste the comment and ask "Generate Python class for this."

Review and Accept/Modify: The AI will likely generate something similar

to this. Observe how it handles the id  and created_at  defaults.

```python

• 

1. 
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Path: user_manager.py

Create a Python class named
'User' with attributes:

- id (integer, unique)

- username (string)

- email (string)

- created_at (datetime,
default to now)

Include an init method for
initialization.

Add a method display_info
that returns a formatted
string of user details.

Ensure id is automatically
generated if not provided
(e.g., using uuid).
import uuid from datetime import datetime

class User: def init(self, username: str, email: str, user_id: str = None): #

Why: Ensures a unique identifier for each user. # How: Uses UUID4 for a

universally unique string ID if not provided. self.id = user_id if user_id else

str(uuid.uuid4()) self.username = username self.email = email # Why:
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Records when the user account was created. # How: Sets the creation

timestamp to the current UTC time. self.created_at = datetime.utcnow()

def display_info(self) -> str:
    # Why: Provides a human-readable summary of user details.
    # How: F-string formatting to combine user attributes.
    return (f"User ID: {self.id}\n"
            f"Username: {self.username}\n"
            f"Email: {self.email}\n"
            f"Created At: {self.created_at.isoformat()}")

Let's test our new class!

user1 = User("alice",
"alice@example.com")

print(user1.display_info())

user2 = User("bob",
"bob@example.com",
user_id="custom-bob-id")

print(user2.display_info())
```

Explanation: Notice how the AI correctly imported uuid  and datetime ,

provided default values, and even added type hints. The display_info

method follows the request for a formatted string.

Self-Correction: If the AI hadn't used uuid , you could prompt it again:

"Modify the User  class to use uuid.uuid4()  for the ID if not provided."

Step 2: Generating a TypeScript Function and Interface

Now, let's switch to TypeScript to create an email validation function and an

interface for user data.

Create a new file: In your project, create src/utils/validators.ts .

Add a prompt for an interface:

• 

• 
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typescript // Path: src/utils/validators.ts // // Define a

TypeScript interface 'UserPayload' for creating new users. // It

should have 'username' (string) and 'email' (string)

properties.

Trigger AI Generation: Let the AI suggest the interface.

```typescript // Path: src/utils/validators.ts // // Define a TypeScript interface

'UserPayload' for creating new users. // It should have 'username' (string)

and 'email' (string) properties.

// Why: Provides a clear contract for data structures, improving type safety. //

How: Defines the expected shape of an object for user creation. export

interface UserPayload { username: string; email: string; } ```

Explanation: Simple and effective. The export  keyword is a good default

for utility interfaces.

Add a prompt for a function: After the interface, add another comment

for the validation function.

```typescript // Path: src/utils/validators.ts // ... (previous code) ...

// Create a TypeScript function isValidEmail  that takes a string email. // It

should return true if the email is valid, false otherwise. // Use a regular

expression for basic validation. ```

Trigger AI Generation:

```typescript // Path: src/utils/validators.ts // ... (previous code) ...

// Create a TypeScript function isValidEmail  that takes a string email. // It

should return true if the email is valid, false otherwise. // Use a regular

expression for basic validation.

// Why: Ensures email addresses conform to a standard format before

processing. // How: Uses a regular expression to match common email

patterns. export function isValidEmail(email: string): boolean { // A common

regex for email validation. Note: full RFC compliance is very complex. const

emailRegex = /^[^\s@]+@[^\s@]+.[^\s@]+$/; return

emailRegex.test(email); }

3. 
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// Let's test it out! // console.log(isValidEmail("test@example.com")); // true //

console.log(isValidEmail("invalid-email")); // false //

console.log(isValidEmail("user@sub.domain")); // true ```

Explanation: The AI correctly generated a function with type hints and a

common regex. It even added a helpful comment about regex complexity,

which is a great touch for an educational guide!

Step 3: Generating an Entire New File (Utility Module)

Sometimes you need a whole new file, not just a few lines. This is where agent-

like capabilities or explicit file generation commands shine.

Imagine we need a file for logging utilities.

Trigger File Generation:

Cursor (v2.6 Automations): Cursor 2.6 introduces "Automations" which

can scaffold files. You might open the Cursor chat, type @workspace  or 

@file  and then "Create a new file src/utils/logger.ts  with a simple 

logInfo  and logError  function." Cursor's agents can then propose the file

creation and content.

GitHub Copilot (CLI): GitHub Copilot CLI (v1.0.1 as of 2026-03-20) has a 

copilot create  command. You can open your terminal and type: bash

copilot create file src/utils/logger.ts --prompt "Create a

TypeScript utility file named logger.ts with functions

`logInfo(message: string)` and `logError(message: string,

error?: Error)` that print to console.log/console.error with a

timestamp."  This command will then propose the file content for you to

accept.

Review the generated file: The AI will likely generate src/utils/

logger.ts  with content like this:

```typescript // Path: src/utils/logger.ts

// Why: Centralized logging helps with debugging and monitoring application

behavior. // How: Provides simple functions to log informational and error

messages with timestamps.

/* * Logs an informational message to the console. * @param message The

message to log. / export function logInfo(message: string): void { const

timestamp = new Date().toISOString(); console.log( [${timestamp}] INFO:

${message} ); }

• 
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/* * Logs an error message to the console, optionally including an Error

object. * @param message The error message. * @param error An optional

Error object to log. / export function logError(message: string, error?: Error):

void { const timestamp = new Date().toISOString(); console.error( [$

{timestamp}] ERROR: ${message} ); if (error) { console.error(error); } }

// Example usage: // logInfo("Application started successfully."); // try { //

throw new Error("Something went wrong!"); // } catch (e: any) { //

logError("Failed to process request.", e); // } ```

Explanation: The AI understood the request for logging functions, included

timestamps, and even added JSDoc comments for documentation – a great

best practice! It also correctly handled the optional Error  object for 

logError .

This demonstrates how AI tools can generate entire files, making them powerful

for bootstrapping new modules or creating boilerplate.

Mini-Challenge: Extend the User Manager

It's your turn to apply what you've learned!

Challenge: In our user_manager.py  file, we have a User  class. Now, let's add a

new method to it.

Open user_manager.py .

Add a comment prompt within the User  class definition (or use the

chat window referencing the class) to:

Add a method update_email(new_email: str)  that updates the

user's email.

Before updating, it should call the isValidEmail  function we created

in src/utils/validators.ts  (you'll need to think about how to

import and use it in Python, or adapt the challenge for Python-only

email validation).

If the email is invalid, it should print an error message and not update

the email.

If valid, update self.email  and print a success message.

Hint: * For the isValidEmail  check in Python, you might need to either re-

implement a basic regex check within the Python file, or imagine you have a

Python validators.py  file with such a function already. Focus on the method's

• 
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logic and AI integration. If using Cursor, you might even ask it to "also import and

use the isValidEmail  function from a validators.py  file in the same

directory."

What to observe/learn: * How well the AI integrates new methods into an

existing class. * Its ability to understand and implement conditional logic based

on validation. * How prompts influence the AI's suggestions for imports or internal

logic.

Common Pitfalls & Troubleshooting

Even with advanced AI, bumps can occur. Here are some common issues when

generating larger code blocks:

Incomplete or Partial Generation:

Pitfall: The AI stops halfway through a function or class definition.

Troubleshooting: Your prompt might be too vague or too long, exceeding

the AI's immediate context window. Try breaking down the request into

smaller parts. For instance, first ask for the class structure, then for

individual methods. If using chat, explicitly say "Continue" or "Complete the

function."

Incorrect Imports or Dependencies:

Pitfall: The AI suggests imports for libraries you don't use or have installed,

or it misnames imports.

Troubleshooting: AI often defaults to popular libraries. If you have a

specific library in mind, mention it in the prompt (e.g., "Use requests  for

HTTP calls" instead of just "make an HTTP call"). Always review imports and

ensure they align with your project's dependencies.

Syntactic or Logical Errors:

Pitfall: The generated code has syntax errors, or its logic is fundamentally

flawed (e.g., an if  statement that always evaluates to true).

Troubleshooting: This highlights the "Review and Understand" step. Run

static analysis (linters, type checkers) and unit tests on AI-generated code

immediately. If you spot an error, don't just fix it manually; try to understand

1. 
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why the AI made the mistake. Was your prompt ambiguous? Did it

misinterpret context? Refine your prompt for future generations.

Lack of Contextual Fit:

Pitfall: The generated code works, but its style, naming conventions, or

architecture don't match your existing project.

Troubleshooting: This is where good existing code and clear prompts pay

off. If your project already has a utils  folder with a certain structure, the AI

is more likely to follow it if you explicitly reference it. Provide examples in

your prompt if your project has unique patterns.

Summary

Congratulations! You've moved beyond basic code completion and are now

wielding your AI coding assistant to generate substantial blocks of code like

functions, classes, and even entire files.

Here are the key takeaways from this chapter:

Context is King: AI tools leverage your open files, project structure,

comments, and existing code to generate relevant and coherent larger code

units.

Prompt Engineering is Your Superpower: Crafting clear, specific,

contextual, and intent-focused prompts is essential for guiding the AI

effectively.

Iterative Workflow: The process is a loop of Request -> Generate ->

Review -> Refine. Never blindly accept AI-generated code.

Practical Application: We saw how to generate Python classes, TypeScript

interfaces, functions, and even scaffold new files using both inline

suggestions and explicit commands/agents.

Anticipate Pitfalls: Be aware of common issues like incomplete

generation, incorrect imports, logical errors, and contextual mismatches,

and know how to troubleshoot them.

By mastering these techniques, you're not just getting code faster; you're

developing a new skill in collaborating with AI, allowing you to focus on higher-

level architectural decisions and complex problem-solving.
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In the next chapter, we'll dive deeper into how these AI agents can assist with

more complex development workflows, such as debugging and even creating pull

requests!

References

GitHub Copilot CLI command reference: https://docs.github.com/en/

copilot/reference/copilot-cli-reference/cli-command-reference

GitHub Copilot features: https://docs.github.com/en/copilot/get-started/

features

Cursor IDE: https://cursor.sh/ (Refer to their official documentation for

Cursor v2.6 "The Automation Release" features)

Python uuid  module documentation: https://docs.python.org/3/library/

uuid.html

MDN Web Docs - Regular expressions: https://developer.mozilla.org/en-

US/docs/Web/JavaScript/Guide/Regular_expressions
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CHAPTER 06

Your First AI-Generated Code:
Inline Suggestions and
Autocomplete

Introduction: Your AI Pair Programmer's First
Words

Welcome to the exciting world of hands-on AI coding! In the previous chapter, we

set up our environment. Now, it's time to experience the most immediate and

impactful way AI can boost your coding productivity: through intelligent inline

code suggestions and enhanced autocomplete. Think of it as having an incredibly

knowledgeable pair programmer sitting right beside you, constantly anticipating

your next move and offering perfect code snippets.

This chapter will guide you through generating your very first lines of code with

an AI assistant. We'll explore how tools like Cursor IDE 2.6 and GitHub Copilot (as

of March 2026) transform the simple act of typing into a guided code creation

process. By the end, you'll not only have written code with AI but also understand

the core principles behind how these tools "think" and offer their brilliant

suggestions.

Before we dive in, ensure your chosen IDE (Cursor IDE 2.6 or VS Code with GitHub

Copilot) is correctly set up, your AI extension is active, and you have an internet

connection. If you skipped the setup, please revisit the previous chapter to get

ready!

Core Concepts: Your AI Pair Programmer's First
Words

Let's demystify how these AI tools offer their coding superpowers. At their heart,

they rely on two primary mechanisms: inline suggestions and intelligent

autocomplete.

What are Inline Suggestions?

Imagine you're writing a function, and before you even finish typing the name,

your editor subtly displays an entire block of code, grayed out, that perfectly

matches what you intended to write. That's an inline suggestion!
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Inline suggestions are AI-generated code snippets that appear directly in your

editor as you type. They often suggest full lines, entire function bodies, or even

small components, ready for you to accept with a quick keypress (usually Tab  or 

Enter ).

Analogy: Think of it like a super-smart coding colleague who can read your

mind. You start a sentence, and they finish it for you, often with the perfect

phrasing.

How it works: The AI constantly analyzes your current context—the file

you're in, the surrounding code, any comments you've written, and even the

names of variables and functions. Based on this, it predicts the most

probable and useful next piece of code, drawing from the vast knowledge it

gained during its training on billions of lines of public code.

What is Autocomplete (AI-Enhanced)?

You're probably familiar with traditional IDE autocomplete, which suggests

variable names, function signatures, or keywords based on syntax. AI-enhanced

autocomplete takes this to the next level.

AI-enhanced autocomplete goes beyond simple syntactic matching. It

understands the semantic meaning of your code and suggests contextually

relevant code based on intent, not just available symbols.

Analogy: Instead of just suggesting console.log , an AI might suggest 

console.log(user.name)  because it understands you're working with a 

user  object that likely has a name  property, and logging names is a

common operation.

Distinction: Traditional autocomplete is like a dictionary and grammar

checker for code. AI-enhanced autocomplete is like a creative writer who

knows common plotlines and character developments in your story (your

project).

The Magic Behind the Curtain: Context Awareness

The true power of these tools lies in their context awareness. They don't just

complete individual words; they understand the bigger picture.

How does the AI "understand" your project? 1. Open Files: The content of files

currently open in your editor. 2. Surrounding Code: The lines of code

immediately before and after your cursor. 3. Comments: Your natural language

comments are crucial "prompts" that tell the AI your intent. 4. File Names &

Project Structure: The names of files (e.g., userController.ts , 

database.py ) and the overall organization of your project. 5. Linked

• 
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Documentation (in advanced agents): Some tools, like Cursor 2.6, can even

reference linked documentation or selected web pages to provide more accurate

suggestions.

This understanding allows the AI to generate highly relevant and often

surprisingly accurate suggestions. This is why clear comments and descriptive

variable/function names are not just good coding practice, but also excellent

"prompt engineering" for your AI assistant!

Let's visualize this process:

Step-by-Step Implementation: Getting Hands-On

Now for the fun part! Let's get our hands dirty and generate some code. We'll use

a common scenario in TypeScript/JavaScript or Python, but the principles apply

across many languages.

Setting Up Your Workspace (Quick Check)

Open your IDE: Launch Cursor IDE 2.6 or VS Code.

Verify AI Extension: Ensure your AI coding assistant (Cursor's built-in AI or

GitHub Copilot for VS Code) is active and you're logged into your account

with an active subscription. You usually see a small icon in the status bar

indicating its status.

Create a Project: For simplicity, create a new folder on your desktop, open

it in your IDE, and create a new file named app.ts  (for TypeScript/

JavaScript) or app.py  (for Python).

Scenario 1: Generating a Simple Function

Let's try to generate a common utility function.

Add a comment: In your app.ts  (or app.py ) file, type the following

comment:

typescript // Function to calculate the factorial of a number

(For Python, use # Function to calculate the factorial of a

number )

1. 
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Explanation: This comment acts as a direct prompt to the AI, telling it

exactly what you intend to do. The AI uses this natural language input to

guide its suggestions.

Start typing the function signature: On the next line, start typing the

function declaration.

typescript function factorial(n: number): number { (For Python: 

def factorial(n): )

Observe: As you type the opening curly brace {  (or colon :  for Python),

your AI assistant should spring into action! You'll likely see a grayed-out

suggestion appearing, completing the entire function body.

Accept the suggestion: Press the Tab  key (or Enter , depending on your

IDE configuration) to accept the AI's suggestion.

You should see something similar to this (exact code might vary slightly):

typescript // Function to calculate the factorial of a number

function factorial(n: number): number { if (n === 0 || n === 1)

{ return 1; } else { return n * factorial(n - 1); } } (For Python,

it might look like this:) ```python

Function to calculate the
factorial of a number
def factorial(n): if n == 0 or n == 1: return 1 else: return n * factorial(n - 1)

```

Explanation: Incredible, right? With just a comment and a partial function

signature, the AI generated a complete, correct, and idiomatic recursive

factorial function. It understood the mathematical concept and translated it

into code.

Scenario 2: Autocompleting a Data Structure Operation

Let's define a list of objects and then try to iterate over them.

Define a data structure: Below your factorial  function, add an array of

user objects.

typescript // Define an array of user objects const users =

[ { id: 1, name: "Alice", age: 30 }, { id: 2, name: "Bob", age:

24 }, { id: 3, name: "Charlie", age: 35 } ]; (For Python:)

```python

2. 
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Define a list of user objects
users = [ {"id": 1, "name": "Alice", "age": 30}, {"id": 2, "name": "Bob",

"age": 24}, {"id": 3, "name": "Charlie", "age": 35} ] ```

Explanation: We're providing more context to the AI—a common data

structure.

Start an iteration: Now, let's try to map over these users to get just their

names.

typescript const userNames = users.map(user => (For Python, start a

loop: for user in users: )

Observe: As you type user =>  (or for user in users: ), the AI should

suggest user.name  or similar, completing the operation.

Accept the suggestion: Press Tab  to accept.

typescript const userNames = users.map(user => user.name); //

userNames will be ["Alice", "Bob", "Charlie"] (For Python, it might

suggest printing the name:) python for user in users:

print(user["name"])

Explanation: The AI understood that users  is an array of objects, each

with a name  property. It then intelligently suggested accessing that property

within the map  callback or loop, demonstrating its semantic understanding.

Scenario 3: Generating a Docstring/Comment

Good documentation is vital, and AI can even help here!

Place cursor above a function: Go back to your factorial  function.

Place your cursor on the line directly above function factorial(...) .

Start a docstring: Type /**  (for TypeScript/JavaScript) or """  (for Python)

and press Enter .

typescript /** * */ function factorial(n: number): number

{ // ... } (For Python:) python """ """ def factorial(n): # ...

Observe: The AI should automatically populate a docstring with

parameters, return types, and a brief description, inferring details from your

function's signature and the previous comment!

Review the generated docstring:

2. 
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typescript /** * Calculates the factorial of a number. * @param

n The number to calculate the factorial of. * @returns The

factorial of the given number. */ function factorial(n: number):

number { if (n === 0 || n === 1) { return 1; } else { return n *

factorial(n - 1); } } (For Python:) ```python """ Calculates the factorial

of a number.

Args: n: The number to calculate the factorial of.

Returns: The factorial of the given number. """ def factorial(n): if n == 0 or n

== 1: return 1 else: return n * factorial(n - 1) ```

Explanation: This is a fantastic time-saver! The AI parsed your function

signature and its existing code/comments to generate a well-formatted and

informative docstring, adhering to common documentation standards. This

shows how AI can assist beyond just writing functional code.

Mini-Challenge: Build a Greeting Function

Alright, your turn to put these new skills to the test!

Challenge: Create a new TypeScript/JavaScript or Python function called 

greetUser . This function should take a single string argument, name , and return

a personalized greeting string (e.g., "Hello, [name]! Welcome aboard."). Use your

AI assistant to generate both the function body and a comprehensive docstring

for it.

Hint: Start with a clear comment describing the function's purpose, then type the

function signature. For the docstring, place your cursor above the function and

type /**  (TS/JS) or """  (Python) followed by Enter .

What to observe/learn: Pay attention to how accurately the AI infers your

intent from your initial input. Did it correctly suggest the greeting format? Did the

docstring accurately reflect the parameters and return value? This helps you

understand the importance of good "prompting" through comments and function

names.

Common Pitfalls & Troubleshooting

Even with brilliant AI, there are a few common traps to watch out for.

Blindly Accepting AI-Generated Code: This is the biggest pitfall! Always, 

always review and understand the code the AI suggests. It might be

1. 
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syntactically correct but logically flawed, inefficient, or even contain security

vulnerabilities. Treat AI suggestions as a starting point, not a final solution.

Vague Prompts Lead to Vague Suggestions: If your comments are

unclear or your function names are ambiguous, the AI will struggle to

provide accurate suggestions. Remember, your comments are its primary

way of understanding your intent. Be specific!

Over-Reliance and Skill Atrophy: While AI is a powerful assistant, don't

let it replace your own problem-solving skills. Make sure you still understand

the underlying concepts and can write the code independently if needed.

Use AI to augment, not to replace, your learning and development.

Troubleshooting "No Suggestions": If your AI assistant isn't suggesting

anything:

Check internet connection: Most AI coding tools require an active

connection to their cloud models.

Verify subscription status: Ensure your GitHub Copilot or Cursor Pro

subscription is active.

Extension/IDE status: Look for indicators in your IDE's status bar. Is the

Copilot icon active? Is Cursor's AI enabled? Sometimes a restart of the IDE

can resolve minor glitches.

Context: Ensure you're in a file type the AI supports (e.g., a .ts , .js , .py

file, not a .txt ).

Summary

Phew! You've just taken your first exciting steps into AI-assisted coding. Let's

recap what we've learned:

Inline suggestions and AI-enhanced autocomplete are your immediate

productivity boosters, offering code snippets as you type.

These tools leverage context awareness—analyzing your code, comments,

and project structure—to generate relevant suggestions.

Clear comments and descriptive naming act as powerful "prompts" for

the AI, guiding its output.

We practiced generating functions, completing data structure operations,

and even creating docstrings with AI.

It's critical to review and understand all AI-generated code to ensure

correctness, security, and maintainability.

2. 

3. 

4. 

• 

• 

• 

• 

• 

• 

• 

• 

• 

AI VOID [https://aivoid.dev]

Define a list of user objects 70



AI is an augmentation, not a replacement, for your development skills.

You've now experienced how AI can literally put code at your fingertips. In the

next chapter, we'll dive deeper into more advanced code generation techniques,

moving beyond single-line suggestions to generating larger blocks of code, entire

components, and even tests. Get ready to unlock even more of your AI coding

assistant's potential!

References

GitHub Copilot features: https://docs.github.com/en/copilot/get-started/

features

GitHub Copilot CLI command reference: https://docs.github.com/en/copilot/

reference/copilot-cli-reference/cli-command-reference

Cursor IDE Official Website: https://www.cursor.sh/

TypeScript Handbook: https://www.typescriptlang.org/docs/handbook/

intro.html

Python Official Documentation: https://docs.python.org/3/

This page is AI-assisted and reviewed. It references official documentation and

recognized resources where relevant.
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CHAPTER 07

The Future is Now: Integrating
AI into Your CI/CD and Beyond

Introduction

Welcome to the final chapter of our journey into AI coding systems! Throughout

this guide, we've explored how AI can be a powerful co-pilot right within your

Integrated Development Environment (IDE), assisting with everything from

generating code snippets to debugging. We've seen how tools like Cursor 2.6 and

GitHub Copilot augment your individual developer workflow, transforming the way

you write and understand code.

Now, we're going to take a giant leap forward. Imagine AI not just as a local

assistant, but as an integral part of your entire software development lifecycle,

particularly within your Continuous Integration and Continuous Delivery (CI/CD)

pipelines. This is where the true power of AI agents—autonomous systems

capable of acting on events—begins to shine. We'll uncover how AI can automate

tasks traditionally handled by humans, from generating pull requests based on

issues to performing intelligent code reviews and even suggesting fixes for failed

tests.

This chapter will guide you through the conceptual framework and practical

considerations for integrating AI into your CI/CD. We'll discuss how AI agents, such

as those enabled by Cursor 2.6's "Automation Release" (as of March 2026) and

evolving GitHub Copilot capabilities, can monitor, act, and contribute to your

codebase with minimal human intervention. Get ready to explore a future where

AI doesn't just help you code, but actively participates in building and maintaining

your software.

Core Concepts: AI in the Development Lifecycle

The traditional CI/CD pipeline is a series of automated steps designed to deliver

software quickly and reliably. It typically involves building, testing, and deploying

code. Integrating AI into this pipeline doesn't replace these steps but enhances

them, injecting intelligence and automation at various critical junctures.
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Where AI Adds Value in CI/CD

AI agents can interact with your CI/CD processes in several transformative ways:

Automated Code Generation: Imagine an AI agent picking up a new

GitHub issue, understanding the requirements, generating the necessary

code, and even writing initial tests—all before a human developer even sees

it.

AI-Enhanced Testing: Beyond simple unit test generation, AI can identify

edge cases, generate comprehensive integration tests, and even suggest

performance tests based on code changes. It can also analyze test failures

to pinpoint root causes and propose fixes.

AI-Powered Code Review: An AI can act as an impartial, tireless code

reviewer, identifying potential bugs, security vulnerabilities, style violations,

and anti-patterns across vast codebases, often before a human reviewer

even begins.

Automated Pull Request (PR) Creation and Management: AI can not

only generate code but also create a new branch, commit the changes, and

open a PR with a detailed description, linking back to the original issue.

CI/CD Pipeline Orchestration and Monitoring: While more nascent, AI

can monitor pipeline health, predict potential failures, and even suggest

optimizations or automatically trigger rollbacks in response to anomalies in

production.

The Shift from Copilot to Agent-Based Systems in CI/CD

Earlier, we focused on "copilots"—interactive tools that assist a human developer

in real-time within the IDE. Think of them as a highly intelligent assistant sitting

beside you. Now, we're talking about "agents"—autonomous systems that can

operate independently, often triggered by events, and capable of performing

complex tasks without direct, moment-to-moment human interaction.

Cursor 2.6: The Automation Release marks a significant step in this direction.

It introduces capabilities for defining "Automations" that can listen for events

(e.g., a new issue being created, a test failing) and execute predefined AI-driven

workflows. Similarly, GitHub Copilot is evolving beyond just inline suggestions,

with conceptual agent capabilities designed to tackle issues, generate features,

and perform reviews.

These agents don't just suggest code; they can make changes, run tests, and 

interact with Git repositories and issue trackers. They are event-driven, meaning

• 
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they react to changes in your development environment, making them ideal for

integration into CI/CD.

Prompt Engineering for Automated Agents

If prompting was important for your IDE-based copilot, it's absolutely critical for

autonomous agents. An agent operating in a CI/CD pipeline needs extremely

clear, specific, and contextual instructions to perform its tasks correctly.

Consider this: your IDE copilot has the immediate context of the file you're

editing. An autonomous agent, however, might need access to: * The entire

codebase. * Relevant documentation. * Previous issues and discussions. * Specific

architectural guidelines. * Test results.

Therefore, effective prompt engineering for agents involves:

Structured Inputs: Using formats like JSON or YAML to define tasks,

constraints, and expected outputs.

Rich Context: Providing links to relevant files, issues, or documentation.

Clear Goals and Constraints: Explicitly stating what needs to be done,

what success looks like, and what boundaries the agent must respect (e.g.,

"do not modify files outside of src/features ").

Verification Steps: Instructing the agent on how to verify its own work

(e.g., "run unit tests after implementing, if tests fail, attempt to fix").

Step-by-Step Implementation: AI-Driven Workflows

Let's explore two illustrative scenarios to understand how AI agents can be

integrated into your development pipeline. While specific tool configurations

might vary, the underlying principles of agent-based interaction remain

consistent.

Scenario 1: AI-Driven Feature Implementation via GitHub Issue
to PR

Imagine you have a new feature request. Instead of a developer picking it up, an

AI agent takes the lead.

Step 1: Define a GitHub Issue with Clear Requirements

The starting point for our AI agent is a well-defined GitHub issue. This issue acts

as the primary "prompt" for the agent.
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---
title: "Feature: Implement User Profile Avatar Upload"
labels: ["feature", "backend", "frontend"]
assignees: ["ai-agent"] # Optionally assign to a bot user
---

**Description:**
As a registered user, I want to be able to upload a custom avatar image to my 
profile so that I can personalize my identity within the application.

**Acceptance Criteria:**
*   Users can upload an image file (PNG, JPG, JPEG) up to 2MB.
*   The image should be stored securely in an S3-compatible object storage.
*   A new API endpoint `/api/users/{userId}/avatar` (POST) should be created 
for upload.
*   The frontend should display a file input and a preview of the uploaded 
image.
*   Upon successful upload, the user's profile should update to display the new 
avatar.
*   Error handling for invalid file types or sizes should be implemented.
*   Unit tests for the backend API endpoint are required.
*   Frontend component should have basic integration tests.

**Technical Notes:**
*   Backend: Node.js with Express. Use `multer` for file uploads.
*   Frontend: React. Use `react-dropzone` for upload UI.
*   Storage: AWS S3 bucket `my-app-avatars`.
---

Explanation: This issue provides a comprehensive prompt, detailing the "what,"

"why," and "how." The acceptance criteria serve as direct instructions for the AI.

Notice the explicit mention of technical details and testing requirements—this is

crucial for guiding the agent.

Step 2: Configuring an AI Agent for Issue Monitoring (Conceptual)

In a real-world setup, you'd configure an AI agent (e.g., via Cursor's Automations,

a custom GitHub Action, or a dedicated bot) to listen for new issues with specific

labels or assignments.

Conceptually, this might look like:
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# Simplified pseudo-configuration for an AI agent automation
automation_name: "IssueToFeaturePR"
trigger:

event: "github.issue.created"
filters:

labels: ["feature"]
assignee: "ai-agent"

actions:
- type: "ai.generate_feature"

input:
issue_id: "{{trigger.issue.id}}"
repository: "{{trigger.repository.full_name}}"
branch_prefix: "feature/ai-{{trigger.issue.number}}"

output: "pr_url"
- type: "github.create_pull_request"

input:
branch: "{{ai.generate_feature.output.branch_name}}"
title: "AI-generated feature: {{trigger.issue.title}}"
body: "This PR was automatically generated by the AI agent based on

issue #{{trigger.issue.number}}.\n\n{{ai.generate_feature.output.summary}}"
base: "main"

Explanation: This pseudo-configuration illustrates how an automation might be

triggered by a GitHub issue. The ai.generate_feature  action would be the core

AI logic, taking the issue details as its prompt and producing the code. The

subsequent github.create_pull_request  action then uses the AI's output to

open a PR.

Step 3: AI Generates Code and Tests

Behind the scenes, the AI agent, equipped with access to the codebase and the

issue's context, would: 1. Analyze: Understand the existing project structure,

dependencies, and coding conventions. 2. Plan: Devise a strategy to implement

the feature, breaking it down into smaller coding tasks. 3. Generate Backend

Code: Create the POST /api/users/{userId}/avatar  endpoint, integrate 

multer , handle S3 uploads, and implement error checks. 4. Generate Frontend

Code: Develop a React component for file upload, handle state, display previews,

and integrate with the new API endpoint. 5. Generate Tests: Write unit tests for

the backend API and basic integration tests for the frontend component.

Here's a tiny, illustrative snippet of what the AI might generate for a backend

endpoint:
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// src/routes/user.js (AI-generated snippet)
const express = require('express');
const multer = require('multer');
const { S3Client, PutObjectCommand } = require('@aws-sdk/client-s3'); // v3 SDK
const router = express.Router();
const upload = multer({

limits: { fileSize: 2 * 1024 * 1024 }, // 2MB limit
fileFilter: (req, file, cb) => {

if (file.mimetype === 'image/png' || file.mimetype === 'image/jpeg' ||
file.mimetype === 'image/jpg') {

cb(null, true);
} else {

cb(new Error('Invalid file type, only JPG, JPEG, and PNG are allowed!'),
false);

}
}

});

const s3Client = new S3Client({ region: process.env.AWS_REGION });

router.post('/:userId/avatar', upload.single('avatar'), async (req, res) => {
if (!req.file) {

return res.status(400).send('No file uploaded.');
}

const userId = req.params.userId;
const file = req.file;
const fileName = `avatars/${userId}-${Date.now()}-${file.originalname}`;

try {
const params = {

Bucket: process.env.S3_BUCKET_NAME,
Key: fileName,
Body: file.buffer,
ContentType: file.mimetype,
ACL: 'public-read' // Be cautious with public-read, consider signed URLs 

for production
};
await s3Client.send(new PutObjectCommand(params));

// In a real app, update user's avatar URL in database
res.status(200).json({ message: 'Avatar uploaded successfully', avatarUrl:

`https://${process.env.S3_BUCKET_NAME}.s3.${process.env.AWS_REGION}.amazonaws.c
om/${fileName}` });

} catch (error) {
console.error('S3 upload error:', error);
res.status(500).send('Failed to upload avatar.');

}
});

module.exports = router;

Explanation: This snippet demonstrates how an AI might generate a specific

route. It correctly uses multer  for file handling and the @aws-sdk/client-s3

(version 3, the latest as of 2026-03-20) for S3 interaction. It also includes basic

error handling and file type/size validation, directly addressing the issue's

acceptance criteria. A human developer would then review this generated code.
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Step 4: AI Creates a Pull Request

Once the AI agent is confident in its generated code and tests (perhaps after

running local tests itself), it will commit the changes to a new branch and open a

pull request against the main  branch. The PR description would automatically

include details from the original issue, a summary of the changes made, and any

relevant test results.

This PR then enters the human review process, where developers can scrutinize

the AI's work, suggest improvements, or approve the merge.

Scenario 2: AI-Powered Code Review in a CI Pipeline

Beyond generating code, AI can also act as an intelligent reviewer, providing

feedback on every PR.

Step 1: Integrate AI Review Tool into CI

Most CI/CD platforms (GitHub Actions, GitLab CI, Jenkins) allow you to add custom

steps to your pipeline. You can integrate an AI code review tool or a custom script

that invokes an AI agent.

Here's a simplified github-actions.yml  snippet illustrating an AI review step:
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# .github/workflows/ai-review.yml (AI-generated snippet for illustration)
name: AI Code Review

on:
pull_request:

types: [opened, synchronize, reopened]

jobs:
ai_review:

runs-on: ubuntu-latest
steps:

- name: Checkout code
uses: actions/checkout@v4 # Using v4, latest as of 2026-03-20
with:

fetch-depth: 0 # Fetch all history for better context

- name: Get changed files
id: changed-files
uses: tj-actions/changed-files@v4 # Using v4, latest as of 2026-03-20

- name: Run AI Code Review
id: ai-review
uses: my-org/ai-code-reviewer-action@v1 # Placeholder for a custom AI 

review action
with:

github-token: ${{ secrets.GITHUB_TOKEN }}
files-to-review: ${{ steps.changed-files.outputs.all_changed_files }}
review-instructions: |

Focus on:
- Security vulnerabilities (SQL injection, XSS, insecure 

deserialization)
- Performance bottlenecks
- Adherence to project's TypeScript style guide
- Best practices for error handling
- Clarity and maintainability of code

- name: Post AI Review Comments
if: success() && steps.ai-review.outputs.review_comments != ''
uses: actions/github-script@v7 # Using v7, latest as of 2026-03-20
with:

script: |
const comments = JSON.parse(`${{ steps.ai-

review.outputs.review_comments }}`);
for (const comment of comments) {

await github.rest.pulls.createReviewComment({
owner: context.repo.owner,
repo: context.repo.repo,
pull_number: context.issue.number,
body: comment.body,
path: comment.path,
line: comment.line

});
}

Explanation: This GitHub Actions workflow triggers on PR events. After checking

out the code and identifying changed files, it invokes a hypothetical my-org/ai-

code-reviewer-action . This action would internally call an AI model, providing it
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with the changed files and specific review instructions. The AI's output (review

comments) is then posted back to the PR.

Step 2: AI Analyzes PR Changes

The AI reviewer would perform a multi-faceted analysis:

Contextual Understanding: It understands the project's overall

architecture and how the proposed changes fit in.

Security Scan: Identifies common vulnerabilities based on patterns and

data flow.

Performance Analysis: Flags potential performance bottlenecks or

inefficient algorithms.

Best Practice Adherence: Checks against established coding standards,

design patterns, and idiomatic usage of frameworks/languages.

Clarity and Maintainability: Assesses if the code is easy to read,

understand, and maintain.

Here's an example of an AI-generated review comment:

**AI Code Review Suggestion:**

**File:** `src/services/authService.ts`
**Line:** 42

**Comment:**
Potential for N+1 query issue in `getUserPermissions` if `permissions` array 
grows large. Consider eager loading permissions with the user object or caching 
frequently accessed permissions to avoid multiple database calls within a loop. 
This could significantly impact performance for many concurrent requests.

**Severity:** Medium
**Category:** Performance, Best Practice

Explanation: This comment is specific, actionable, and explains the why behind

the suggestion. It provides value beyond what a linter might offer by

understanding potential runtime performance implications.

• 

• 

• 
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Figure 12.1: AI-Augmented CI/CD Pipeline Flow

Explanation: This flowchart illustrates how AI agents can be integrated at

various stages of a modern CI/CD pipeline. From automatically generating tests or

suggesting fixes for failed ones, to performing intelligent code reviews, AI

streamlines the development process. The "Developer Reviews AI Suggestions"

and "Developer Reviews AI Fixes-PR" steps highlight the crucial human-in-the-loop

approach, ensuring quality and understanding.
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Mini-Challenge: Prompting an AI for Test Fixes

You've seen how AI can generate code and review it. Now, let's think about how it

can react to problems in the pipeline.

Challenge: Imagine your CI pipeline just failed because a specific unit test (let's

say test_user_authentication.py::test_invalid_password_login ) started

failing after a recent merge. You have an AI agent configured to monitor CI

failures.

Describe, in detail, the prompt you would give this AI agent to: 1. Identify the root

cause of the failing test. 2. Propose a fix in the relevant source code. 3.

Implement the fix on a new branch. 4. Commit the fix with a clear message. 5.

Open a pull request for human review, linking back to the CI build failure.

Hint: Think about what information the AI agent would need (test output,

relevant code, context of recent changes) and what specific actions you want it to

take. Be as explicit as possible in your instructions.

What to Observe/Learn: This challenge emphasizes the importance of

providing comprehensive context and clear, step-by-step instructions for

autonomous agents. It pushes you to think about how you'd structure a prompt to

enable problem-solving beyond simple code generation.

Common Pitfalls & Troubleshooting

Integrating AI into your CI/CD offers immense benefits, but it also comes with its

own set of challenges. Being aware of these common pitfalls can help you

navigate the journey more smoothly.

Over-automation Without Human Oversight:

Pitfall: Blindly trusting AI-generated code or automated merges without

thorough human review. This can lead to subtle bugs, security

vulnerabilities, or performance regressions slipping into production.

Troubleshooting: Always maintain a "human-in-the-loop" approach. Treat

AI-generated PRs as suggestions, not final solutions. Implement mandatory

human approval steps for all AI-generated code that modifies critical paths

or goes to production.

Context Starvation for AI Agents:

Pitfall: AI agents might lack the necessary project context (e.g.,

architectural documentation, specific library usage patterns, historical
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decisions) to generate truly optimal or correct solutions. This results in

irrelevant or inefficient suggestions.

Troubleshooting:

Enrich Prompts: Provide explicit links to relevant documentation, design

documents, or even previous PRs in your prompts.

Context Windows: Ensure your AI agent has a sufficiently large context

window to ingest relevant files (e.g., related modules, configuration files).

Feedback Loops: Establish mechanisms for AI agents to learn from human

corrections and approvals, gradually improving their contextual

understanding.

Prompt Drift and Stale Instructions:

Pitfall: As your codebase and project requirements evolve, prompts

designed for AI agents can become outdated, leading to less effective or

even incorrect AI outputs.

Troubleshooting: Regularly review and update your AI agent prompts.

Treat prompts as living documentation that needs maintenance. Consider

versioning your prompts alongside your code to ensure consistency.

Difficulty Debugging AI-Generated Pipeline Failures:

Pitfall: When an AI agent introduces a bug that causes a CI/CD pipeline

failure, it can be challenging to debug if the human developer doesn't fully

understand the AI's generated logic.

Troubleshooting:

Transparency: Demand that AI agents provide clear explanations or

"reasoning trails" for their generated code.

Small, Incremental PRs: Encourage AI agents to submit smaller, focused

PRs that are easier to review and debug.

Automated Testing: Ensure robust automated tests are in place to quickly

catch any AI-introduced regressions. If the AI is generating tests, ensure

those tests are also reviewed and reliable.

Privacy and Intellectual Property Concerns:

Pitfall: Sharing proprietary code with external AI models can raise concerns

about data privacy, intellectual property leakage, and compliance.

Troubleshooting:

• 
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Self-Hosted Models: Explore using self-hosted or private AI models if your

organization has strict data governance requirements.

Anonymization: If possible, anonymize sensitive parts of the code before

sending it to external models.

Vendor Agreements: Carefully review terms of service and data privacy

agreements with AI tool vendors. GitHub Copilot, for instance, offers options

to prevent code snippets from being used for model training for enterprise

users.

Summary

Phew, what a journey! We've covered a vast landscape, from the fundamentals of

AI coding assistants to their integration into the most complex parts of our

development workflows. Let's recap the key takeaways from this chapter:

AI augments, it doesn't replace: AI tools, especially agents in CI/CD, are

designed to enhance developer productivity and efficiency, allowing humans

to focus on higher-level design, critical thinking, and complex problem-

solving.

The shift to agent-based systems: Beyond interactive copilots,

autonomous AI agents (like those in Cursor 2.6's Automations or future

Copilot agents) can monitor events, generate code, create PRs, and perform

reviews independently within your CI/CD pipelines.

AI in CI/CD is transformative: AI can automate code generation from

issues, enhance test creation and analysis, provide intelligent code reviews,

and even proactively suggest fixes for pipeline failures.

Prompt engineering is paramount: For autonomous agents, detailed,

contextual, and structured prompts are absolutely essential to ensure the AI

understands the task, constraints, and desired outcomes.

Human oversight remains critical: While AI can automate many tasks, a

"human-in-the-loop" approach is vital for reviewing AI-generated code,

ensuring quality, security, and alignment with project goals.

Beware of pitfalls: Over-automation, lack of context, stale prompts, and

debugging challenges are real. Proactive strategies like clear prompts,

robust testing, and continuous monitoring are necessary.

The rapid pace of innovation in AI coding systems means that capabilities will

continue to evolve. Tools like Cursor 2.6 and GitHub Copilot are just the beginning

of a future where AI is deeply embedded in every stage of software development.
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As developers, mastering the art of collaborating with these intelligent systems

will be a key skill for years to come.

Congratulations on completing this guide! You're now equipped with a solid

understanding of AI coding systems, from their basic principles to their advanced

integration into CI/CD. Keep exploring, keep prompting, and keep building!
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CHAPTER 08

Mastering the AI Conversation:
Prompt Engineering for Code

Introduction

Welcome back, future-forward developer! In the previous chapters, we explored

the landscape of AI coding tools, from interactive copilots to autonomous agents,

and how they're transforming our development workflows. You've seen the power

of AI to generate code, but have you ever felt like you're not quite getting the 

exact output you need? Or that the AI is missing crucial context?

That's where prompt engineering comes in. Think of it as learning to speak the

AI's language. This isn't just about typing a question; it's about crafting precise,

contextual, and intentional instructions that guide the AI to deliver highly relevant

and accurate results. In this chapter, we'll turn you into a prompt engineering

maestro, capable of coaxing sophisticated solutions from your AI coding partners.

By the end of this chapter, you'll understand:

What prompt engineering truly means in the context of AI coding.

The essential components of a highly effective code prompt.

How to leverage context to make your AI smarter.

Techniques for iterating and refining your prompts for optimal outcomes.

Specific strategies for interacting with both generative copilots and agent-

based systems.

Ready to elevate your AI conversations from simple requests to strategic

collaborations? Let's dive in!

Core Concepts: Speaking the AI's Language

At its heart, prompt engineering is the art and science of communicating

effectively with large language models (LLMs). For AI coding tools, this means

transforming your high-level intentions into explicit instructions that the AI can

understand and execute. It's the difference between asking "Write code" and "As

an expert backend engineer, write a highly optimized, secure Python function to

validate user input for an API, adhering to PEP 8, and include unit tests."
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What is Prompt Engineering, Really?

Beyond just typing commands, prompt engineering is a critical skill for the

modern developer. It's about:

Clarity: Making your intentions unambiguous.

Context: Providing all necessary background information.

Constraints: Defining boundaries and requirements.

Creativity: Exploring different ways to phrase requests to achieve desired

outcomes.

Iteration: Understanding that the first prompt might not be perfect, and

refining it is part of the process.

The goal is to move beyond mere autocomplete and turn your AI copilot or agent

into a true partner capable of understanding complex tasks and generating

production-ready code.

The Anatomy of a Powerful Code Prompt

A great code prompt isn't just a single sentence; it's often a structured request

that guides the AI step-by-step. While every prompt won't need all these

elements, understanding them allows you to build sophisticated instructions.

Here are the key components we'll explore:

1. The Role: Setting the Persona

What: Tell the AI who it should be. This helps the AI adopt a specific tone,

expertise, and perspective.

Why: An AI acting as a "senior frontend developer" will generate different

code (e.g., using modern frameworks, emphasizing UX) than one acting as a

"DevOps engineer" (e.g., focusing on infrastructure, CI/CD).

How: Start your prompt with phrases like:

"As a senior TypeScript developer..."

"You are an expert in secure Node.js backend development..."

"Act as a diligent QA engineer..."

2. The Task: Defining the Goal

What: Clearly state what you want the AI to do. This is the core instruction.

Why: Without a clear task, the AI might generate irrelevant or incomplete

code.

1. 

2. 

3. 

4. 

5. 
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How: Use action verbs and be specific:

"Generate a Python function..."

"Refactor this JavaScript code..."

"Explain the error in this stack trace..."

"Create a pull request description for this feature..."

3. The Context: Providing Relevant Information

What: This is the background information the AI needs to understand the

problem fully. This is perhaps the most critical component.

Why: AI models are stateless; they don't inherently "remember" your

project structure, existing code, or previous conversations unless explicitly

told or given access (like Cursor 2.6's context window or Copilot's agent

features). The more context, the smarter the output.

How:

Existing Code: Include relevant snippets, file contents, or reference file

paths (e.g., "Look at src/utils/auth.ts ").

Project Structure: "This is part of a Next.js application."

Problem Description: "The current User  model lacks proper validation."

Error Messages: Paste full stack traces.

GitHub Issues/PRs: Reference or paste content from linked issues/PRs

(especially for agent-based systems).

Conversation History: For chat interfaces, previous turns are often

automatically included.

4. The Constraints: Setting Boundaries and Requirements

What: Specify how the task should be performed. These are the rules,

limitations, and desired characteristics of the output.

Why: Constraints ensure the AI's output aligns with your project's

standards, performance needs, or security policies.

How:

Language/Framework: "Use TypeScript," "Leverage React Hooks."

Performance: "Optimize for O(1) time complexity."

Security: "Prevent SQL injection," "Sanitize all user inputs."

Style Guides: "Adhere to PEP 8," "Follow Airbnb JavaScript style guide."
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Output Format: "Return only the code block," "Provide explanations in

markdown," "Generate unit tests using Jest."

Length/Complexity: "Keep the function concise," "Avoid external

dependencies."

5. Examples (Few-Shot Prompting): Showing, Not Just Telling

What: Provide one or more examples of the desired input-output format or

code style.

Why: Sometimes, showing the AI what you want is more effective than

describing it. This is especially powerful for pattern recognition tasks.

How:

"Here's an example of how we structure our validation functions:"

Input: { "name": "John" } -> Output: { "isValid": true }

Then, provide a new input and ask for the corresponding output.

6. The Format: Specifying the Output Structure

What: Define how you want the AI's response to be structured.

Why: Ensures the output is easy to parse, integrate, or read.

How:

"Provide the code in a markdown code block."

"List the steps as a numbered list."

"Output a JSON object with code  and explanation  fields."

The Iterative Prompt Refinement Process

Think of prompting as a conversation, not a one-shot command. The first prompt

is rarely perfect. Effective prompt engineering involves a cycle of:

Initial Prompt: Craft your best first attempt.

Review AI Output: Evaluate the generated code/text.

Identify Gaps/Errors: What's wrong? What's missing?

Refine Prompt: Add more context, constraints, or clarify the task based on

the AI's previous response.

Repeat: Continue this cycle until you achieve the desired outcome.

This iterative approach is where the "engineering" comes into play. You're

constantly debugging your prompts, much like you debug code.

Here's a visual representation of this process:
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Prompting for Agent-Based Systems (Cursor 2.6, Copilot
Agents)

The distinction between a "copilot" (interactive, inline suggestions) and an

"agent" (autonomous, capable of multi-step actions) becomes critical here. While

the core prompt engineering principles remain, agents require a slightly different

mindset:

Higher-Level Tasks: You can prompt agents with more abstract goals, like

"Implement GitHub Issue #123" or "Refactor the UserAuth  module to use

JWTs."

Event-Driven Automation (Cursor 2.6): Cursor 2.6's "Automations" allow

you to define prompts that trigger based on specific events (e.g., a new PR,

• 

• 
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a file save, a specific command). Your prompt here defines the agent's

behavior for that event.

Multi-Step Reasoning: Agents are designed to break down complex tasks

into sub-tasks. Your prompt should provide the overall objective, and

potentially guide the sequence of sub-tasks if you have a specific workflow

in mind.

Reviewing Agent Actions: Since agents can make changes, your prompt

should anticipate the need for human review and approval. For example,

"Create a pull request for the changes, but do not merge it."

For instance, with Cursor 2.6's Automations, you might define an automation with

a prompt like: "Upon a new feature  branch being pushed, review all new or

modified .ts  files for adherence to our company's TypeScript style guide. If

violations are found, suggest fixes in a new comment on the commit, explaining

each suggestion."

This is a powerful example of how prompt engineering evolves from code

generation to orchestrating autonomous workflows.

Step-by-Step Implementation: Crafting Effective
Prompts

Let's put these concepts into practice. We'll start with a basic request and

progressively refine it.

Scenario 1: Generating a Simple Utility Function

Imagine you need a function to format a date string.

Step 1: The Initial, Vague Prompt

Let's start simple, as many new users might.

Write a date formatting function.

What to Observe: The AI might generate a function in any language, with a

generic date format, and potentially no error handling. It lacks context and

constraints.

Step 2: Adding Role and Language Context

Let's specify the persona and the desired language.

Your Prompt:

• 

• 
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As a senior TypeScript developer, generate a utility function to format a date 
string.

Explanation: * As a senior TypeScript developer : Sets the persona and

implicitly asks for modern TypeScript practices. * generate a utility function

to format a date string : Clearly defines the task.

Example AI Output (Conceptual):

// Assuming AI has access to common libraries or native Date methods
function formatDate(dateString: string): string {

const date = new Date(dateString);
if (isNaN(date.getTime())) {

return "Invalid Date";
}
return date.toLocaleDateString('en-US', { year: 'numeric', month: 'long',

day: 'numeric' });
}

What to Observe: Better! It's in TypeScript. But the format might not be what

you need, and it still doesn't handle edge cases like timezones or custom formats.

Step 3: Adding Specific Constraints and Desired Format

Now, let's get specific about how the function should behave.

Your Prompt:

As a senior TypeScript developer, generate a utility function to format a date 
string.
The function should:
1. Accept a date string or a Date object as input.
2. Return the date in 'YYYY-MM-DD HH:mm:ss' format.
3. Handle invalid date inputs by returning an empty string.
4. Be timezone-aware and convert to UTC before formatting.
5. Include JSDoc comments.

Explanation: * We kept the role and task. * Added a numbered list of explicit 

constraints for input types, output format, error handling, timezone, and

documentation. This leaves little room for ambiguity.

Example AI Output (Conceptual):
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/**
 * Formats a date string or Date object into 'YYYY-MM-DD HH:mm:ss' UTC format.
 * @param dateInput - The date string or Date object to format.
 * @returns The formatted date string, or an empty string if the input is 
invalid.
 */
function formatUtcDateTime(dateInput: string | Date): string {

let date: Date;

if (typeof dateInput === 'string') {
date = new Date(dateInput);

} else if (dateInput instanceof Date) {
date = dateInput;

} else {
return ''; // Invalid input type

}

if (isNaN(date.getTime())) {
return ''; // Invalid date value

}

// Get UTC components
const year = date.getUTCFullYear();
const month = (date.getUTCMonth() + 1).toString().padStart(2, '0');
const day = date.getUTCDate().toString().padStart(2, '0');
const hours = date.getUTCHours().toString().padStart(2, '0');
const minutes = date.getUTCMinutes().toString().padStart(2, '0');
const seconds = date.getUTCSeconds().toString().padStart(2, '0');

return `${year}-${month}-${day} ${hours}:${minutes}:${seconds}`;
}

What to Observe: Much better! The function now precisely matches our

requirements, including JSDoc, UTC conversion, and specific error handling. This

demonstrates the power of detailed constraints.

Scenario 2: Debugging Assistance with Context

Let's say you encounter a confusing error in a Node.js application.

Step 1: Providing the Error and Asking for a Fix

Your Prompt:
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I'm getting this error in my Node.js application:
Error: Cannot find module 'express-validator'
    at Function.Module._resolveFilename (node:internal/modules/cjs/
loader:1077:15)
    at Function.Module._load (node:internal/modules/cjs/loader:922:27)
    at Module.require (node:internal/modules/cjs/loader:1143:19)
    at require (node:internal/modules/cjs/helpers:121:18)
    at Object.<anonymous> (/Users/myuser/project/src/app.ts:5:25)
    at Module._compile (node:internal/modules/cjs/loader:1256:14)
    at Module.m._compile (/Users/myuser/project/node_modules/ts-node/dist/
index.js:1056:23)
    at Module._extensions..js (node:internal/modules/cjs/loader:1310:10)
    at Object.require.extensions.<computed> [as .ts] (/Users/myuser/project/
node_modules/ts-node/dist/index.js:1059:12)
    at Module.load (node:internal/modules/cjs/loader:1119:32)
What's wrong?

Explanation: We've provided the full stack trace and a direct question.

Example AI Output (Conceptual):

The error "Cannot find module 'express-validator'" indicates that the `express-
validator` package is not installed or not correctly linked in your project.

To fix this, you likely need to install it:

```bash
npm install express-validator
# or if you use yarn
yarn add express-validator

If you are using TypeScript, you might also need the type definitions:

npm install --save-dev @types/express-validator
# or
yarn add --dev @types/express-validator

**What to Observe:** A good initial diagnosis! The AI correctly identified a 
common dependency issue. However, it's a generic fix. What if the package *is* 
installed, but there's a different problem (e.g., wrong path, typo)?

#### Step 2: Adding More Project Context and Asking for Deeper Analysis

**Your Prompt:**

I'm getting this error in my Node.js application: Error: Cannot find module

'express-validator' at Function.Module._resolveFilename (node:internal/modules/

cjs/loader:1077:15) at Function.Module._load (node:internal/modules/cjs/

loader:922:27) at Module.require (node:internal/modules/cjs/loader:1143:19) at

require (node:internal/modules/cjs/helpers:121:18) at Object. (/Users/myuser/
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project/src/app.ts:5:25) at Module._compile (node:internal/modules/cjs/

loader:1256:14) at Module.m._compile (/Users/myuser/project/node_modules/ts-

node/dist/index.js:1056:23) at Module._extensions..js (node:internal/modules/cjs/

loader:1310:10) at Object.require.extensions. [as .ts] (/Users/myuser/project/

node_modules/ts-node/dist/index.js:1059:12) at Module.load (node:internal/

modules/cjs/loader:1119:32)

I have already run npm install express-validator @types/express-

validator . Here is the relevant part of my package.json :

{
"name": "my-app",
"version": "1.0.0",
"description": "",
"main": "dist/index.js",
"scripts": {

"start": "ts-node src/app.ts",
"build": "tsc"

},
"dependencies": {

"express": "^4.18.2",
"express-validator": "^7.0.1"

},
"devDependencies": {

"@types/express": "^4.17.17",
"@types/express-validator": "^3.0.0",
"@types/node": "^20.8.9",
"ts-node": "^10.9.1",
"typescript": "^5.2.2"

}
}

And here is src/app.ts :

import express from 'express';
import { body, validationResult } from 'express-validator'; // Line 5

const app = express();
app.use(express.json());

// ... rest of the app

Given this, what could be the issue, and how can I fix it?

**Explanation:**
*   We added the crucial **context** that `npm install` was already run.
*   We provided relevant file content (`package.json`, `src/app.ts`) to give 
the AI a complete picture of the project setup. This allows the AI to perform a 
deeper analysis.

**Example AI Output (Conceptual):**
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Given that you've already installed express-validator  and @types/express-

validator , and your package.json  correctly lists them, the issue is less likely to

be a missing package installation.

Looking at your src/app.ts  and the stack trace: at Object.<anonymous> (/

Users/myuser/project/src/app.ts:5:25)  points directly to line 5: import

{ body, validationResult } from 'express-validator'; // Line 5

The error "Cannot find module 'express-validator'" in this context, despite

installation, often points to one of two things:

Node.js Module Resolution Issue (Incorrect Path or Cache):

Sometimes node_modules  can get corrupted or Node.js's module

cache might be stale.

Fix: Try deleting your node_modules  directory and package-

lock.json  (or yarn.lock ), then reinstalling: bash rm -rf

node_modules rm package-lock.json # or yarn.lock npm

install

TypeScript Compilation/Runtime Environment Mismatch:

Since you're using ts-node  to run src/app.ts  directly, ensure ts-

node  is correctly configured to resolve modules. While less common for

direct node_modules  imports, it's worth checking.

Recommendation: Start with clearing node_modules  and reinstalling. This

resolves the vast majority of "cannot find module" errors when the package is

supposedly installed. If that doesn't work, verify your tsconfig.json  (if you

have one) doesn't have unusual baseUrl  or paths  configurations that might

interfere with module resolution.

**What to Observe:** The AI now provides a much more nuanced and accurate 
diagnosis, suggesting specific troubleshooting steps based on the provided 
context. This demonstrates how context transforms generic advice into targeted 
solutions.

### Scenario 3: Agent-Driven Task (Hypothetical for Cursor 2.6 Automation)

Let's imagine you want to automate the process of generating documentation 
stubs for new functions.

#### Step 1: Defining an Automation Prompt in Cursor 2.6

Cursor 2.6 allows you to define "Automations" that act as agents. You'd 
typically configure this in Cursor's settings or a project-specific config 
file.

**Your Automation Prompt (for a new function detection event):**

1. 
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As an expert technical writer and code documentation specialist, identify any

newly added or modified public functions in the current file that lack JSDoc or

TSDoc comments. For each identified function, generate a comprehensive

documentation stub including: 1. A concise summary of the function's purpose. 2. 

@param  tags for each parameter with a brief description and type. 3. @returns

tag with a description and type. 4. @throws  tag if applicable (infer potential

errors). 5. @example  usage if the function is non-trivial. Ensure the generated

comments follow the TSDoc standard and are placed immediately above the

function declaration. Do not modify existing, complete documentation. If a

function already has JSDoc/TSDoc, skip it.

**Explanation:**

- **Role:** `As an expert technical writer and code documentation specialist` – 
Sets the persona for documentation quality.
- **Task:** `identify any newly added or modified public functions... generate 
a comprehensive documentation stub` – Clearly defines the agent's goal.
- **Context (Implicit):** The "current file" and "newly added or modified" are 
part of the Cursor Automation's trigger context.
- **Constraints:** Numbered list specifies exact requirements for the stub's 
content, format (`TSDoc standard`), placement, and non-interference with 
existing docs.

**What to Observe:** This prompt doesn't just ask for code; it instructs an 
agent to *analyze*, *identify*, and *generate* documentation based on specific 
criteria, demonstrating the power of agent-based systems and precise prompting.

## Mini-Challenge: Refactoring a Legacy Function

It's your turn! You've got a slightly messy, older JavaScript function that 
needs a modern touch.

**The Challenge:**

You have the following legacy JavaScript function:

```javascript
// utils.js
function calculateOrderTotal(items, discountPercentage, taxRate) {
    let total = 0;
    for (let i = 0; i < items.length; i++) {
        total += items[i].price * items[i].quantity;
    }

    if (discountPercentage > 0) {
        total = total - (total * (discountPercentage / 100));
    }

    if (taxRate > 0) {
        total = total + (total * (taxRate / 100));
    }

    return total;
}
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Your task is to craft a prompt for your AI coding tool (like Cursor or GitHub Copilot

Chat) to refactor this function.

Your Goal for the AI:

Modernize: Convert it to a modern TypeScript arrow function.

Readability: Improve readability and maintainability.

Error Handling: Add basic validation for inputs (e.g., items  is an array, 

discountPercentage  and taxRate  are numbers between 0 and 100).

Throw an Error  for invalid inputs.

Immutability: Avoid direct modification of total  where possible.

JSDoc: Add comprehensive TSDoc comments.

Efficiency: Use reduce  for calculating the initial total.

Hint: Think about structuring your prompt with a clear Role, the Task (refactor),

the Context (the provided code), and detailed Constraints (all the

modernization, readability, error handling, etc., points).

Try it out in your AI coding environment! What prompt did you use, and what did

the AI generate? Don't worry if it's not perfect on the first try; remember the

iterative refinement process.

Common Pitfalls & Troubleshooting Your Prompts

Even with the best intentions, prompts can sometimes go awry. Here are some

common issues and how to troubleshoot them:

Vague or Ambiguous Prompts:

Pitfall: "Make this code better." or "Help me with my API." The AI doesn't

know what "better" means or which part of the API needs help.

Troubleshooting: Be specific! Define "better" (e.g., "more performant,"

"more readable," "add error handling"). Point to exact code sections or files.

Specify the exact desired outcome.

1. 

2. 

3. 

4. 

5. 

6. 

1. 
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Example Correction: Instead of "Make this code better," try "Refactor the 

calculateOrderTotal  function to use reduce  for summing items and add

input validation for items ."

Missing Context:

Pitfall: Asking the AI to implement a feature without providing relevant

existing code, project structure, or requirements from a linked issue. The AI

generates code that doesn't fit your project.

Troubleshooting: Always provide necessary context. This could be relevant

file contents, a snippet of package.json , a full error stack trace, or a direct

link/paste of a GitHub issue description. Remember, the AI only knows what

you tell it.

Example Correction: If asking for a database query, include your schema

definition. If asking for a UI component, describe the parent component's

state or props.

Over-Constraining or Conflicting Instructions:

Pitfall: Sometimes, you might give too many constraints, or constraints that

contradict each other, leading the AI to get "stuck" or generate suboptimal

results. For instance, asking for "maximum performance" and "minimal

memory usage" simultaneously without specifying priorities.

Troubleshooting: Start with fewer constraints and add more iteratively. If

the AI struggles, review your constraints for potential conflicts. Prioritize

your most important requirements.

Example Correction: Instead of "Write a super-fast, tiny, and fully-featured

ORM in 10 lines of code," focus on one aspect first, like "Generate a simple

data access layer for a User model using raw SQL queries for performance,

returning plain objects."

Not Iterating:

Pitfall: Giving up after the first AI response isn't perfect, or trying to cram

everything into one giant prompt.

Troubleshooting: Embrace the conversational aspect. Treat the AI's first

response as a draft. Ask follow-up questions, provide corrections, or refine

your prompt based on what the AI did generate. This is where the iterative

loop (shown in the Mermaid diagram) is crucial.
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Example Correction: "That's a good start, but can you also add a check to

ensure items  is not empty?" or "The discountPercentage  should only

apply if it's greater than zero, please adjust."

By being mindful of these pitfalls and adopting an iterative, contextual approach,

you'll significantly improve your AI coding experience.

Summary

Congratulations! You've taken a significant step in becoming a master of AI

coding. Prompt engineering is not just a trick; it's a fundamental skill that will

define how effectively you harness the power of AI in your daily development.

Here are the key takeaways from this chapter:

Prompt engineering is about clear, contextual communication with AI

coding tools, moving beyond simple autocomplete to strategic collaboration.

A powerful code prompt often includes a Role, Task, Context,

Constraints, Examples, and desired Format.

Context is king: Providing relevant code, error messages, and project

details dramatically improves AI output quality.

Iterative refinement is essential. Treat AI responses as drafts and engage

in a continuous cycle of prompting, reviewing, and refining.

Agent-based systems (like Cursor 2.6 Automations) allow for higher-level,

multi-step tasks, requiring prompts that define overall objectives and

workflows.

Be aware of common pitfalls like vague prompts, missing context, and

over-constraining, and learn to troubleshoot your prompts effectively.

As AI coding tools continue to evolve rapidly, your ability to articulate your needs

precisely will be your most valuable asset. Keep practicing, experimenting, and

refining your "AI conversation" skills!

In the next chapter, we'll delve deeper into integrating these AI tools into your

existing development workflows, covering topics like AI-assisted PR creation,

testing, and code review. Get ready to supercharge your entire development

pipeline!
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CHAPTER 09

Orchestrating Complex Tasks:
Multi-Agent Workflows and Pull
Request Automation

Introduction to Multi-Agent Workflows

Welcome to a pivotal chapter in our journey into AI-powered coding! So far, we've

explored how AI copilots can significantly boost individual developer productivity

through intelligent autocomplete, inline suggestions, and focused code

generation. We've seen how tools like GitHub Copilot and Cursor IDE transform

the coding experience from a passive editor into an active partner.

In this chapter, we're taking a significant leap forward. We'll move beyond simple

assistive AI to the exciting realm of AI agent-based coding systems and 

multi-agent workflows. Imagine not just an AI suggesting your next line of

code, but an AI that can understand a complex task, plan its execution, write

substantial blocks of code, generate tests, update documentation, and even

propose a Pull Request (PR) for human review—all with minimal intervention. This

is the power of AI agents working in concert.

By the end of this chapter, you'll understand the core concepts behind these

autonomous systems, learn how to orchestrate multiple AI agents for complex

development tasks, and explore practical applications like automating the Pull

Request lifecycle. We'll leverage the latest capabilities of tools like Cursor 2.6's

"Automation Release" and evolving features within GitHub Copilot, focusing on

how these systems augment, rather than replace, the developer's role. A solid

grasp of basic AI coding tool usage and effective prompt engineering from

previous chapters will be very helpful here.

Core Concepts: Beyond Copilots to Agents

The distinction between a "copilot" and an "agent" is becoming increasingly

important as AI coding tools mature. While copilots are primarily interactive

assistants, agents are designed for more autonomous, goal-driven actions.
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What are AI Agent-Based Coding Systems?

An AI agent-based coding system is an AI program designed to perceive its

environment, make decisions, and take actions to achieve a specific goal. Unlike a

traditional copilot that waits for your input to suggest code, an agent can initiate

actions, manage sub-tasks, and even learn from its environment over time. Think

of it as moving from a smart assistant to a proactive project member.

Key characteristics of AI agents in coding:

Autonomy: Agents can operate independently to a certain degree,

executing tasks without continuous human input.

Goal-Driven: They are programmed to achieve specific objectives, such as

"implement feature X" or "fix bug Y."

Perception: Agents can "read" and understand the project context,

including codebases, issue trackers, documentation, and even architectural

diagrams.

Action: They can perform various development actions like writing code,

modifying files, running tests, committing changes, and interacting with

version control systems.

Planning: Agents can break down complex goals into smaller, manageable

sub-tasks and strategize their execution.

Event-Driven: Modern agent systems, like Cursor 2.6's Automations, can

be triggered by specific events (e.g., a new GitHub issue, a failed test, a

scheduled task), initiating workflows automatically.

For example, Cursor 2.6, released in March 2026, prominently features

"Automations" which allow developers to define sophisticated workflows for

agents. These automations can range from automatically generating boilerplate

for new components to fixing common linting errors across a codebase. GitHub

Copilot is also rapidly evolving its agent capabilities, moving towards more

autonomous task completion.

Why Multi-Agent Orchestration?

While a single powerful AI agent can accomplish much, complex software

development tasks often benefit from the specialization and parallelization

offered by multi-agent orchestration. This involves coordinating several AI

agents, each potentially specialized in a different aspect of development, to work

together towards a common goal.
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Imagine building a new feature. Instead of one monolithic AI trying to do

everything, you could have:

A "Planner" Agent: Breaks down the high-level feature request into

detailed technical tasks, identifies dependencies, and outlines an

implementation strategy.

A "Coder" Agent: Focuses on writing the actual code, adhering to best

practices and architectural guidelines.

A "Tester" Agent: Generates comprehensive unit and integration tests for

the new code, then executes them to verify correctness.

A "Documentation" Agent: Updates READMEs, API specifications, and

inline comments to reflect the new feature.

A "Reviewer" Agent: Performs a preliminary code review, checking for

style, potential bugs, security vulnerabilities, and adherence to

requirements.

By assigning specialized roles, multi-agent systems can tackle larger, more

intricate problems with greater efficiency and accuracy. The challenge lies in

orchestrating their communication, managing conflicts, and ensuring their

outputs integrate seamlessly.

Pull Request Automation with AI

One of the most impactful applications of multi-agent workflows is the automation

of the Pull Request (PR) lifecycle. The journey from a new feature idea or bug

report to a merged PR can be lengthy and involve many manual steps. AI agents

can significantly streamline this process.

Consider the typical PR workflow:

Issue Creation: A bug is reported or a feature is requested.

Task Assignment: A developer picks up the issue.

Code Development: Writing, testing, and debugging the code.

Documentation: Updating relevant documentation.

Commit & Push: Pushing changes to a feature branch.

Pull Request Creation: Opening a PR to merge the feature branch into the

main branch.

Code Review: Peers review the code for quality, correctness, and

adherence to standards.

Feedback & Iteration: Addressing review comments.
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Merge: Merging the PR once approved.

AI agents can automate or assist in nearly every step from 2 through 8,

transforming the developer's role into one of oversight and strategic guidance.

Prompt Engineering for Agents: A Deeper Dive

While we've discussed prompt engineering for copilots, crafting prompts for

autonomous agents requires an even higher level of precision and context. You're

not just asking for code; you're delegating a task.

Effective agent prompts often include:

Clear Goal Definition: What exactly should the agent achieve? (e.g.,

"Implement a new user authentication endpoint that uses JWTs.")

Contextual Information: Provide links to relevant documentation, existing

code, architectural diagrams, or related issues.

Constraints: Specify non-functional requirements (e.g., "Must be highly

performant," "Adhere to RESTful principles," "Use TypeScript," "Ensure 90%

test coverage.")

Success Criteria: How will the agent's completion be measured? (e.g.,

"Passes all existing tests," "New tests cover edge cases," "API

documentation updated.")

Expected Output Format: What should the agent deliver? (e.g., "A new

feature branch," "A Pull Request draft," "A summary of changes.")

Persona/Role (Optional but powerful): Sometimes, giving the agent a

"role" can guide its behavior (e.g., "Act as a senior backend engineer," "As a

security auditor...").

The more specific and comprehensive your prompt, the better an agent can plan

and execute its tasks.

Step-by-Step Implementation: Automating a
Feature with AI Agents

Let's walk through a conceptual example of how you might orchestrate AI agents

to implement a new API endpoint, from an issue to a proposed Pull Request. While

the exact commands and interfaces will vary between tools like Cursor's

Automations or GitHub Copilot's evolving agent features, the underlying workflow

principles remain consistent.
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For this example, we'll imagine we're using a system that allows us to define

agents and assign them tasks, potentially via a command-line interface or an IDE

integration.

Scenario: Implement a New GET /api/users/{id} Endpoint

Our goal is to create a new API endpoint that fetches user details by their ID. This

endpoint should: 1. Read user data from a mock database. 2. Handle cases where

the user is not found. 3. Include unit tests. 4. Update the API documentation. 5.

Be developed on a new feature branch and submitted as a PR.

Step 1: Defining the Initial Task for the Orchestrator Agent

We start by providing a high-level prompt to our main orchestrator agent, which

will then coordinate the sub-tasks. We'll assume a command-line interface for

simplicity, but this could be a chat interface in Cursor or a specific Copilot agent

command.

# Conceptual command for an AI orchestrator agent
ai-agent orchestrate --goal "Implement a new GET /api/users/{id} endpoint" \

--description "This endpoint should fetch user details by ID from a mock 
database. \
                 It must handle cases where the user is not found (return 404). 
\
                 Include comprehensive unit tests and update relevant API 
documentation. \
                 Develop on a new feature branch 'feature/get-user-by-id' and 
create a PR." \

--context-issue "https://github.com/my-org/my-repo/issues/123" \
--tech-stack "TypeScript, Node.js, Express" \
--test-coverage "90%"

Explanation: * ai-agent orchestrate : Invokes our main orchestrator agent. * 

--goal : The primary objective. * --description : Detailed requirements and

constraints. This is crucial for guiding the agent's planning. * --context-issue :

A link to the GitHub issue, providing the agent with additional context, discussion,

and requirements. * --tech-stack : Informs the agent about the technologies to

use. * --test-coverage : A specific quality metric the agent needs to aim for.

Step 2: Agent Planning (Internal Process)

Upon receiving the prompt, the orchestrator agent would internally (or visibly, in

some UIs) generate a plan. This plan might look something like this:

Create Feature Branch: git checkout -b feature/get-user-by-id

Identify Relevant Files: Locate existing API router, user data models, and

test directories.

1. 
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Code Generation (Coder Agent):

Create src/routes/userRoutes.ts  (if new) or modify existing router.

Add GET /api/users/{id}  handler.

Implement mock data retrieval logic.

Add error handling for "user not found."

Test Generation & Execution (Tester Agent):

Create src/tests/userRoutes.test.ts .

Write unit tests for success cases, not-found cases, and invalid ID

formats.

Run tests and report results.

Documentation Update (Documentation Agent):

Update docs/api.md  or swagger.yaml  with the new endpoint details.

Code Review (Reviewer Agent):

Perform static analysis, style checks, and basic security scans on

generated code.

Commit Changes: Stage and commit all generated files.

Create Pull Request: Push branch and open a PR with a descriptive title

and body.

Step 3: Code Generation and Testing (AI-Driven)

Now, the agents get to work. The orchestrator might delegate to a "Coder" agent

to write the Express route and a "Tester" agent to create tests.

Conceptual Code Generation Output (example src/routes/

userRoutes.ts ):

3. 
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◦ 
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// src/routes/userRoutes.ts
import { Router, Request, Response } from 'express';

const router = Router();

// Mock user database
const mockUsers = [

{ id: '1', name: 'Alice Smith', email: 'alice@example.com' },
{ id: '2', name: 'Bob Johnson', email: 'bob@example.com' },
{ id: '3', name: 'Charlie Brown', email: 'charlie@example.com' },

];

/**
 * @swagger
 * /api/users/{id}:
 *   get:
 *     summary: Retrieve a single user by ID
 *     parameters:
 *       - in: path
 *         name: id
 *         required: true
 *         description: Numeric ID of the user to retrieve
 *         schema:
 *           type: string
 *     responses:
 *       200:
 *         description: A single user object.
 *         content:
 *           application/json:
 *             schema:
 *               type: object
 *               properties:
 *                 id:
 *                   type: string
 *                 name:
 *                   type: string
 *                 email:
 *                   type: string
 *       404:
 *         description: User not found.
 */
router.get('/users/:id', (req: Request, res: Response) => {

const { id } = req.params;
const user = mockUsers.find(u => u.id === id);

if (user) {
return res.status(200).json(user);

} else {
return res.status(404).json({ message: 'User not found' });

}
});

export default router;

Explanation: * The Coder agent has generated an Express route using

TypeScript. * It includes a mock mockUsers  array for data retrieval. * Error

handling for a 404 "User not found" is implemented. * Crucially, it has also added
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JSDoc/Swagger comments for API documentation, anticipating the Documentation

agent's role or integrating it directly.

Conceptual Test Generation Output (example src/tests/

userRoutes.test.ts ):

// src/tests/userRoutes.test.ts
import request from 'supertest';
import express from 'express';
import userRoutes from '../routes/userRoutes';

const app = express();
app.use('/api', userRoutes); // Mount the user routes under /api

describe('GET /api/users/:id', () => {
test('should return 200 and user data for a valid ID', async () => {

const res = await request(app).get('/api/users/1');
expect(res.statusCode).toEqual(200);
expect(res.body).toEqual({ id: '1', name: 'Alice Smith', email: 'alice@exam

ple.com' });
});

test('should return 404 for an invalid ID', async () => {
const res = await request(app).get('/api/users/999');
expect(res.statusCode).toEqual(404);
expect(res.body).toEqual({ message: 'User not found' });

});

test('should return 404 for a non-existent ID format', async () => {
const res = await request(app).get('/api/users/abc'); // Assuming IDs are 

numeric strings
expect(res.statusCode).toEqual(404);
// The current implementation treats 'abc' as a valid ID string to search 

for,
// so it will still return 'User not found'. If we wanted a 400 for invalid 

format,
// we'd need a validation layer (e.g., Joi, Zod) which the agent could also 

add if prompted.
expect(res.body).toEqual({ message: 'User not found' });

});
});

Explanation: * The Tester agent has used supertest  to create integration-style

tests for the Express endpoint. * It covers both success and "not found" scenarios.

* The agent understands how to set up a minimal Express app to test the route.

Step 4: Documentation Updates and Code Review (AI-Driven)

The Documentation agent would ensure docs/api.md  or a Swagger definition is

updated based on the JSDoc comments or direct API schema generation.

Meanwhile, a Reviewer agent would perform automated checks.

Conceptual Automated Review Output (example summary):
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AI Reviewer Agent Summary:

-   **Code Style:** Adheres to ESLint rules (no major issues found).
-   **Security:** No obvious SQL injection or XSS vulnerabilities detected in 
this simple endpoint.
-   **Test Coverage:** Passed 3/3 tests, achieving 100% coverage for the new 
endpoint logic.
-   **Maintainability:** Code is clear and well-structured. Mock data should be 
replaced with a proper database interaction in a real application.
-   **Suggestions:** Consider adding input validation for `:id` parameter to 
return 400 for malformed IDs.

Explanation: * The Reviewer agent provides a quick summary, highlighting

strengths and potential improvements. * This feedback is invaluable for the

human developer, even before a peer review.

Step 5: Pull Request Creation (AI-Driven)

Finally, once all tasks are complete and tests pass, the orchestrator agent would

commit the changes to the feature branch, push it to the remote repository, and

create a Pull Request.

Conceptual PR Creation Command:

# Conceptual command for an AI agent to create a PR
ai-agent pr create --branch "feature/get-user-by-id" \

--title "feat: Implement GET /api/users/{id} endpoint" \
--body "This PR introduces a new endpoint `/api/users/{id}` to retrieve user 

details. \
          It fetches data from a mock database, handles 404 for not found 
users, \
          and includes comprehensive unit tests. \n\nRelated to #123." \

--assignee "your_github_username" \
--reviewers "team-lead"

Explanation: * ai-agent pr create : Command to initiate PR creation. * --

branch , --title , --body : Standard PR details, intelligently generated by the

agent based on its actions and the initial prompt. * --assignee , --reviewers :

The agent can even suggest who should review the PR.

Human in the Loop: The Final Review

At this stage, the AI has done the heavy lifting, but the human developer remains

critical. The generated PR is a draft or a suggestion. The developer's role now

shifts to:

Reviewing the AI's work: Critically examining the generated code, tests,

and documentation.

1. 
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Making final refinements: Addressing the AI's suggestions (e.g., adding

input validation) or making architectural decisions.

Approving and Merging: Once satisfied, the human developer approves

the PR and merges it.

This workflow significantly reduces the time spent on boilerplate and repetitive

tasks, allowing developers to focus on higher-level design, complex problem-

solving, and critical review.

Workflow Diagram

This Mermaid diagram illustrates the multi-agent workflow for automating a

feature implementation and Pull Request.

2. 

3. 
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Explanation of the Diagram: * The process starts with a human defining a task

or creating a GitHub issue. * The Orchestrator Agent takes this input and

activates. * The Planner Agent breaks the task into sub-tasks. * These sub-tasks

(Code Generation, Testing, Documentation) are handled in parallel by specialized

agents. * The Coder Agent writes the code, which is then reviewed by a Code

Reviewer Agent. * The Tester Agent generates and runs tests. If tests fail, the

process loops back to the Coder Agent for rework. * The Documentation Agent

updates relevant documentation. * Once all sub-tasks are complete and tests

pass, the Orchestrator Agent consolidates changes, commits and pushes

them, and finally creates a Pull Request draft. * The Human Developer

performs the critical final review, makes any necessary refinements, and then

merges the PR, completing the feature implementation.

Mini-Challenge: Design an Agent Prompt for
Refactoring

Now it's your turn to think like an agent orchestrator!

Challenge: You have a legacy module legacy-api.ts  that uses an outdated

callback-based asynchronous pattern. Your goal is to refactor this module to use

modern async/await  syntax, ensuring all existing functionality remains intact

and new unit tests are added for the refactored code.

Draft a detailed prompt for an AI orchestrator agent that could handle this task.

Think about all the information the agent would need to successfully complete

this refactoring and propose a PR.

Hint: Consider the goal, context (file paths, current patterns), constraints (no

functionality change, new tests), success criteria (all tests pass, cleaner code),

and desired output (a PR).

Click for a possible solution hint!

Your prompt should clearly state the target file (`legacy-api.ts`), the desired

refactoring technique (`async/await`), and emphasize maintaining existing

behavior. Don't forget to ask for new tests specifically for the refactored code and

a clean Pull Request. You might also want to mention code style adherence. 
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Common Pitfalls & Troubleshooting with AI Agents

While powerful, working with AI agents and multi-agent systems introduces new

challenges.

Lack of Clear Instructions/Context:

Pitfall: Agents generate irrelevant, incomplete, or incorrect code because

the initial prompt was vague, lacked crucial context (e.g., specific file paths,

database schemas), or didn't define success criteria clearly.

Troubleshooting: Spend more time on prompt engineering. Provide links to

official documentation, existing code files, architectural diagrams. Break

down complex tasks into smaller, more specific sub-goals for the agent. Use

examples in your prompts.

Agents Getting "Stuck" or Going Off-Topic:

Pitfall: An agent might enter a loop, try to solve a problem in an inefficient

way, or start generating code unrelated to the core task. This often happens

when the agent's internal planning fails or it misinterprets an instruction.

Troubleshooting: Implement timeouts and step limits for agent actions.

Provide mechanisms for human intervention to "reset" the agent or guide it

back on track. For multi-agent systems, ensure clear communication

protocols and conflict resolution strategies between agents. Review the

agent's intermediate steps if the platform allows.

Over-Automation Leading to Unexpected Side Effects:

Pitfall: An overly autonomous agent might make changes that have

unintended consequences elsewhere in the codebase, especially if its

understanding of the entire system is limited. This is a risk if agents are

given too much write access without sufficient guardrails.

Troubleshooting: Always maintain a "human-in-the-loop" for critical

decisions and final approvals (e.g., PR review). Use sandboxed environments

for agent execution where possible. Configure agents with clear boundaries

and permissions, restricting their access to only necessary files or
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directories. Implement robust automated testing (unit, integration, end-to-

end) that runs after agent-generated changes.

Security and Intellectual Property Concerns:

Pitfall: Sharing proprietary or sensitive code with external AI models

(especially cloud-based ones) can raise concerns about data privacy,

intellectual property leakage, and compliance.

Troubleshooting: Understand the data privacy policies of your AI tool

provider. Prioritize tools that offer on-premise or securely hosted private

models if your code is highly sensitive. Anonymize or redact sensitive

information from prompts if possible. Ensure your organization's legal team

reviews the terms of service for any AI coding tool used. GitHub Copilot, for

instance, has clear policies on how user data is handled, and enterprise

versions often offer enhanced privacy.

Difficulty Debugging Agent-Generated Code:

Pitfall: When an AI agent generates a complex solution, it might be harder

for a human developer to understand the underlying logic or debug issues,

potentially eroding skill development.

Troubleshooting: Treat AI-generated code as a starting point. Always

review and refactor it for clarity, maintainability, and security. Encourage

agents to provide explanations or reasoning for their code choices. For

complex solutions, ask the agent to break down its logic or provide

pseudocode first. Focus on understanding the why behind the code, not just

the what.

Summary

In this chapter, we've explored the cutting edge of AI in software development,

moving from assistive copilots to autonomous, goal-driven AI agents and multi-

agent workflows.

Here are the key takeaways:

AI Agents vs. Copilots: Agents are autonomous and goal-driven, capable

of planning and executing tasks, while copilots are interactive assistants.

Multi-Agent Orchestration: Coordinating specialized AI agents (e.g.,

Planner, Coder, Tester, Reviewer) can tackle complex development tasks

more efficiently.
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Pull Request Automation: AI agents can automate significant portions of

the PR lifecycle, from code generation and testing to documentation updates

and PR creation, significantly boosting developer productivity.

Advanced Prompt Engineering: Crafting precise, contextual, and goal-

oriented prompts is crucial for effectively guiding AI agents.

Human-in-the-Loop: Despite their autonomy, AI agents augment, rather

than replace, developers. Human oversight, review, and strategic guidance

remain essential for quality, security, and complex problem-solving.

Common Pitfalls: Be aware of issues like vague prompts, agents getting

stuck, unintended side effects from over-automation, privacy concerns, and

the challenges of debugging AI-generated code.

The landscape of AI coding tools, particularly with advancements like Cursor 2.6

and GitHub Copilot's evolving agent capabilities, is rapidly transforming. By

understanding how to leverage multi-agent workflows, you can position yourself

to tackle more complex projects with unprecedented efficiency, focusing your

human expertise on innovation and critical decision-making.

In the next chapter, we'll delve into the ethical considerations, security

implications, and future trends of AI in software development, ensuring you're

well-equipped to navigate this exciting new era responsibly.

References

GitHub Copilot: Get Started

GitHub Copilot CLI command reference

Cursor IDE Official Website

Mermaid.js Documentation

This page is AI-assisted and reviewed. It references official documentation and

recognized resources where relevant.
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CHAPTER 10

Refactoring and Code Review
with AI: Enhancing Quality and
Readability

Introduction

Welcome back, coding companions! In our previous chapters, we've explored how

AI coding systems can be powerful allies for generating new code and assisting

with debugging. Now, let's turn our attention to two critical aspects of software

development that often demand significant time and expertise: refactoring and 

code review.

Refactoring is the art of restructuring existing code without changing its external

behavior, aiming to improve its readability, maintainability, and extensibility. Code

review, on the other hand, is the process of critically examining code to identify

potential bugs, enforce coding standards, and share knowledge. Both are

essential for building robust, high-quality software, but they can be time-

consuming. This is where AI steps in!

In this chapter, we'll dive deep into how tools like Cursor 2.6 and GitHub Copilot

can become your intelligent partners in these tasks. We'll learn to leverage their

understanding of context and code patterns to suggest improvements, simplify

complex logic, and even provide detailed feedback, elevating your code quality

and making these processes more efficient and less tedious. Get ready to

transform your approach to code quality!

Core Concepts: AI as Your Quality Assurance Co-
Pilot

AI coding tools are not just for writing new code; they are incredibly adept at

analyzing existing code. Their ability to understand syntax, semantics, and

common programming patterns makes them invaluable for identifying areas for

improvement, suggesting alternative implementations, and even spotting subtle

issues that a human eye might miss.
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What is Refactoring, and How Does AI Help?

Refactoring is like tidying up your codebase. Imagine you've built a fantastic,

functional house, but some walls are crooked, and the wiring is a bit messy inside.

Refactoring is about fixing those internal issues without changing how the house

looks from the outside or how its rooms function.

Why AI excels at refactoring:

Pattern Recognition: AI models are trained on vast amounts of code,

allowing them to recognize common refactoring patterns (e.g., extracting

methods, simplifying conditionals, introducing design patterns).

Boilerplate Reduction: They can often suggest ways to reduce repetitive

code, making your codebase DRY (Don't Repeat Yourself).

Performance & Readability Suggestions: AI can analyze code for

potential performance bottlenecks or suggest clearer ways to express

complex logic.

Contextual Understanding: Modern AI tools, especially agent-based

systems like Cursor 2.6, understand your entire project's context—other

files, dependencies, and even open issues—which helps them provide more

relevant and effective refactoring advice.

What is Code Review, and How Does AI Help?

Code review is a critical gatekeeping process. It's where team members scrutinize

each other's code before it's merged into the main codebase. The goals are to

catch bugs, ensure consistency, improve design, and facilitate knowledge sharing.

Why AI excels at code review:

Automated Checks: AI can quickly scan for common errors, style guide

violations, and potential anti-patterns that might escape a human reviewer's

notice, especially in large pull requests.

Subtle Bug Detection: Beyond linting, AI can sometimes infer logical

errors or edge cases based on common programming pitfalls.

Consistency Enforcement: It can ensure new code aligns with existing

patterns and conventions within your project.

Contextual Feedback: AI can provide explanations for its suggestions,

referencing best practices or specific project context.

Drafting PR Descriptions and Summaries: AI can help you summarize

your changes and even draft a compelling pull request description, saving

you time.
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Prompt Engineering for Refactoring and Review

Just like with code generation, the quality of AI's refactoring and review

suggestions heavily depends on the clarity and specificity of your prompts. Think

of yourself as a senior architect giving instructions to a very capable junior

developer.

Key principles for effective prompts:

Be Specific: Instead of "refactor this," try "Refactor this 

calculateOrderTotal  function to improve readability and handle edge

cases for discounts."

Provide Context: "This UserService  is part of a microservice architecture.

How can I refactor its createUser  method to ensure idempotency and

better error handling?"

Define Goals: "Review this data_processor.py  module. I want to improve

its testability and adhere to PEP 8 standards."

Specify Output Format: "Suggest 3 alternative ways to implement this,

explaining the pros and cons of each." or "Provide a code review comment

for this function, focusing on potential security vulnerabilities."

AI Agent's Role in Refactoring and Review

While copilots like GitHub Copilot provide inline suggestions and chat-based

assistance, agent-based systems (like Cursor's Automations or advanced Copilot

features) can take a more proactive role.

Imagine assigning an AI agent a task like: "Refactor all date-handling utilities in 

src/utils  to use moment.js  (or date-fns ) consistently." An agent could

potentially:

Identify all relevant files and functions.

Propose the refactoring changes.

Generate new tests or update existing ones.

Even create a pull request with the suggested changes, complete with a

description, for your final review.

This moves beyond mere suggestions to semi-autonomous action, significantly

amplifying your productivity.

• 

• 

• 

• 
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Step-by-Step Implementation: Refactoring and
Reviewing with AI

Let's get hands-on with some practical examples using a hypothetical Python

function. We'll simulate using Cursor's AI capabilities or GitHub Copilot Chat.

Scenario 1: Refactoring a Suboptimal Function

Imagine you have a Python utility function that works, but it's a bit hard to read

and might not be the most efficient.

Original (slightly messy) Python function:

# utils.py
def process_user_data(user_info_list, min_age_filter, active_only_flag):

processed_data = []
for user_data_dict in user_info_list:

if user_data_dict.get('age', 0) >= min_age_filter:
if active_only_flag:

if user_data_dict.get('status') == 'active':
processed_data.append(user_data_dict['name'].upper())

else:
processed_data.append(user_data_dict['name'].upper())

return processed_data

This function has nested if  statements and mixes filtering logic with data

transformation. Let's ask our AI co-pilot for help.

Step 1: Ask for General Refactoring (Cursor/Copilot Chat)

Highlight the process_user_data  function in your IDE (Cursor or VS Code with

Copilot Chat) and open the AI chat interface.

Prompt:

Refactor this `process_user_data` function to improve its readability, 
maintainability, and efficiency.

The AI might suggest separating concerns, using list comprehensions, or clearer

variable names. Let's assume it suggests separating filtering and transformation.

AI's Suggested Refactoring (Example):
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# utils.py
def process_user_data(user_info_list, min_age_filter, active_only_flag):

filtered_users = []
for user_data_dict in user_info_list:

is_active = user_data_dict.get('status') == 'active'
is_old_enough = user_data_dict.get('age', 0) >= min_age_filter

if is_old_enough and (not active_only_flag or is_active):
filtered_users.append(user_data_dict)

# Now, transform the filtered data
processed_names = [user['name'].upper() for user in filtered_users]
return processed_names

Explanation: The AI has improved readability by introducing boolean variables 

is_active  and is_old_enough  and consolidating the filtering logic into a single 

if  condition. It also separated the filtering from the final transformation step

using a list comprehension, which is generally more Pythonic and efficient.

Step 2: Further Refinement – Specific Improvements

Let's say we want to make it even more functional and Pythonic.

Prompt:

Can you refactor the filtering part of the `process_user_data` function using a 
list comprehension or `filter()` to make it more concise?

AI's Suggested Refactoring (Example):

# utils.py
def process_user_data(user_info_list, min_age_filter, active_only_flag):

# Use a generator expression with filter for efficiency and readability
filtered_users_generator = (

user_data_dict for user_data_dict in user_info_list
if user_data_dict.get('age', 0) >= min_age_filter and \

(not active_only_flag or user_data_dict.get('status') == 'active')
)

# Transform the filtered data
processed_names = [user['name'].upper() for user in filtered_users_generato

r]
return processed_names

Explanation: The AI now uses a generator expression within the 

filtered_users_generator  to perform the filtering more concisely and

efficiently, avoiding the creation of an intermediate list if not strictly necessary.

This is a common Pythonic pattern for processing iterables.

AI VOID [https://aivoid.dev]

Refactoring and Code Review with AI: Enhancing Quality and Readability 120



Scenario 2: AI-Assisted Code Review

Now, let's imagine you've written a new TypeScript function for an API endpoint,

and you want AI to give it a quick review before you even push it for human

review.

New TypeScript function:

// src/api/users.ts
import express from 'express';
import { User, UserSchema } from '../models/User'; // Assume User and 
UserSchema exist
import Joi from 'joi'; // For validation

const router = express.Router();

router.post('/users', async (req, res) => {
const { error, value } = UserSchema.validate(req.body);
if (error) {

return res.status(400).send(error.details[0].message);
}

try {
const newUser = new User(value); // Assume User model has a constructor
await newUser.save();
res.status(201).send(newUser);

} catch (err: any) {
if (err.code === 11000) { // MongoDB duplicate key error

return res.status(409).send('User with this email already exists.')
;

}
res.status(500).send('Internal server error.');

}
});

export default router;

Step 1: Ask for a General Code Review

Open your AI chat and provide the code block.

Prompt:

Review this TypeScript Express route for `POST /users`. Provide feedback on:
1. Potential security vulnerabilities.
2. Adherence to best practices for error handling.
3. Readability and maintainability.
4. Any potential performance issues.
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AI's Code Review Feedback (Example):

Security:

"Consider using a library like express-rate-limit  to prevent brute-

force attacks on this endpoint, especially if user creation is a sensitive

operation."

"Ensure UserSchema.validate  is robust against injection attacks,

though Joi typically handles this well. Double-check your schema

definitions."

Error Handling:

"The catch (err: any)  is a bit broad. While err.code === 11000  is

handled, other specific Mongoose/database errors could be caught

more granularly for better client feedback (e.g., validation errors at the

database level)."

"The generic 'Internal server error' is fine, but logging the full error

( console.error(err) ) on the server side is crucial for debugging."

Readability/Maintainability:

"Consider extracting the Joi validation logic into a middleware function

to keep the route handler cleaner and reusable for other user-related

routes."

"The User  model instantiation and saving could be encapsulated in a

service layer for better separation of concerns, making the route

handler focus purely on request/response."

Performance:

"No immediate performance bottlenecks apparent for a single user

creation. Database indexing on email  (assuming it's unique) is critical

for the 11000  error check and overall database performance."

Explanation: The AI provides comprehensive feedback, covering multiple critical

areas. It doesn't just point out issues but also suggests specific best practices and

tools ( express-rate-limit , middleware, service layer).

Step 2: Generating a Pull Request Description

Now that you've made some changes based on the AI's review, you need to

create a pull request.

Prompt:

• 
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◦ 

• 
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Based on the TypeScript Express route code I just provided (the POST /users 
endpoint), generate a concise pull request description that highlights the new 
functionality and any key improvements or considerations.

AI's Generated PR Description (Example):

**Feat: Implement User Registration Endpoint (POST /users)**

This PR introduces the new API endpoint for user registration, allowing clients 
to create new user accounts.

**Key Changes:**
*   **Endpoint:** `POST /users`
*   **Functionality:** Creates a new user in the database after validating 
request body against `UserSchema`.
*   **Error Handling:** Includes specific handling for duplicate email 
addresses (MongoDB error code 11000) and general server errors.
*   **Validation:** Utilizes Joi for robust request payload validation.

**Improvements/Considerations:**
*   Initial validation and basic error handling are in place.
*   Future enhancements could include rate limiting, more granular database 
error handling, and moving business logic to a dedicated service layer for 
better separation of concerns.
*   Please review for security implications and adherence to API standards.

Explanation: The AI efficiently summarizes the changes, outlines the new

functionality, and even includes "Improvements/Considerations" which is

excellent for setting expectations during the human review process.

Mini-Challenge: Refactor and Review a JavaScript
Utility

Let's put your new skills to the test! Below is a small JavaScript utility function.

// dataUtils.js
function calculateTotalAndDiscount(items, discountPercentage) {

let total = 0;
for (let i = 0; i < items.length; i++) {

total += items[i].price * items[i].quantity;
}

if (discountPercentage > 0 && discountPercentage < 100) {
total = total - (total * (discountPercentage / 100));

} else if (discountPercentage >= 100) {
total = 0; // Free items

}
return total;

}
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Your Challenge:

Refactor with AI: Use your AI co-pilot (Cursor, Copilot Chat) to refactor the 

calculateTotalAndDiscount  function. Aim for:

Improved readability (e.g., using array methods like reduce ).

Clearer handling of discount logic.

Better variable names if needed.

AI Code Review: Once you're satisfied with your AI-assisted refactoring,

ask your AI co-pilot to review your refactored version. Ask for feedback on:

Potential edge cases (e.g., negative prices, invalid discount

percentages).

Efficiency.

Overall code quality.

Reflect: What did the AI suggest? Did it catch anything you missed?

Hint: Start with a broad prompt like "Refactor this calculateTotalAndDiscount

function for clarity and robustness." Then, follow up with more specific prompts

like "How can I make the discount application more explicit?" or "Are there any

edge cases I'm not handling?"

What to Observe/Learn: You'll see how iterative prompting leads to better

results. You'll also learn to critically evaluate AI's suggestions, understanding why

a particular refactoring is better and how to use AI to find potential flaws in your

own code.

Common Pitfalls & Troubleshooting

Even with powerful AI tools, refactoring and code review still require human

oversight.

Blindly Accepting AI Suggestions:

Pitfall: AI might suggest changes that introduce subtle bugs, break existing

logic, or are simply not the best fit for your project's specific context or

coding standards.

Troubleshooting: Always, always review AI-generated refactorings

thoroughly. Understand why the AI suggested a change and verify that it

doesn't alter behavior. Run tests! 2. Lack of Sufficient Context for AI:

1. 

◦ 

◦ 

◦ 

2. 

◦ 

◦ 

◦ 

3. 

1. 

• 

• 
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Pitfall: If the AI doesn't have access to your entire project (other files, tests,

documentation), its suggestions might be generic or even incorrect for your

specific use case.

Troubleshooting: Use AI tools that are deeply integrated into your IDE (like

Cursor 2.6 or VS Code with Copilot) so they have the broadest context.

When prompting, explicitly mention relevant files or project-specific

constraints. 3. Over-reliance Leading to Skill Atrophy:

Pitfall: Constantly relying on AI for refactoring and review can hinder your

own development of critical thinking, pattern recognition, and problem-

solving skills.

Troubleshooting: Use AI as a learning tool. When it suggests a refactoring,

try to understand the underlying principle. Use it to augment your skills, not

replace them. 4. Privacy and Intellectual Property Concerns:

Pitfall: Sharing proprietary or sensitive code with external AI models

(especially public cloud-based ones) can raise data privacy and intellectual

property issues.

Troubleshooting: Be aware of your organization's policies. Understand how

your chosen AI tool handles data. Some enterprise versions offer enhanced

privacy. Avoid sending highly sensitive data to public models.

Summary

Phew! You've just unlocked a new level of productivity and code quality with AI.

Here's a quick recap of what we covered:

AI for Refactoring: AI tools excel at identifying code smells, suggesting

cleaner patterns, and improving readability and efficiency, acting as a

tireless code quality assistant.

AI for Code Review: AI can perform automated checks for bugs, security

vulnerabilities, style adherence, and even draft comprehensive pull request

descriptions, streamlining the review process.

Prompt Engineering is Key: Crafting clear, specific, and contextual

prompts is crucial for getting the most relevant and actionable suggestions

from your AI co-pilot.

Agent-Based Systems: Advanced tools like Cursor 2.6 Automations can

take refactoring and review beyond mere suggestions, executing multi-step

tasks autonomously.
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Human-in-the-Loop: Always review and understand AI-generated code. AI

is a powerful augmentation, not a replacement for human judgment and

expertise.

You're now equipped to not only write code faster but also to write better code,

leveraging AI to maintain high standards of quality and readability.

What's Next?

In our next chapter, we'll explore the critical aspects of Security and Ethical

Considerations with AI Coding Systems. As we embrace these powerful tools,

understanding their implications and using them responsibly is paramount.

References

GitHub Copilot Features: https://docs.github.com/en/copilot/get-started/

features

GitHub Copilot CLI command reference: https://docs.github.com/en/copilot/

reference/copilot-cli-reference/cli-command-reference

GitHub Copilot Official Page: https://github.com/copilot

Cursor IDE Official Website (for Cursor 2.6 features): https://cursor.sh/

Refactoring Guru (General Refactoring Principles): https://refactoring.guru/

This page is AI-assisted and reviewed. It references official documentation and

recognized resources where relevant.
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CHAPTER 11

Setting Up Your AI Workbench:
Cursor 2.6 and GitHub Copilot

Setting Up Your AI Workbench: Cursor 2.6 and
GitHub Copilot

Welcome to the practical side of AI-powered development! In Chapter 1, we

explored the transformative potential of AI coding systems. Now, it's time to roll

up our sleeves and set up the tools that will bring these concepts to life. Think of

this chapter as building your personal AI-powered bat-cave – equipped with the

latest gadgets to supercharge your coding.

This chapter will guide you through the essential steps to get two leading AI

coding systems, GitHub Copilot and Cursor IDE 2.6, up and running on your

machine. We'll cover everything from prerequisites to installation and initial

configuration. By the end, you'll have a fully functional AI workbench ready to

assist you in your coding journey. Get ready to experience a new paradigm of

developer productivity!

Prerequisites for Your AI Journey

Before we dive into the setup, let's ensure you have a few things ready. These are

common requirements for most modern AI coding tools:

A GitHub Account: Essential for GitHub Copilot, and often useful for other

tools that integrate with version control.

An Active Subscription or Trial: Both GitHub Copilot and Cursor IDE

require a subscription or trial period to access their full features. Ensure

you've signed up!

A Robust Internet Connection: AI models often rely on cloud services, so

a stable internet connection is crucial for real-time suggestions and agent

interactions.

A Compatible IDE: For GitHub Copilot, this means Visual Studio Code (VS

Code) or a compatible JetBrains IDE. For Cursor, you'll download and install

its dedicated AI-native IDE.

• 

• 

• 

• 

AI VOID [https://aivoid.dev]

Setting Up Your AI Workbench: Cursor 2.6 and GitHub Copilot 127



Understanding Your AI Tools: Copilot vs. Cursor

Before we install, let's quickly differentiate between GitHub Copilot and Cursor

IDE 2.6. While both leverage AI, they represent different approaches to

integrating AI into your workflow. Understanding this distinction is key to

leveraging their strengths effectively.

GitHub Copilot: Your AI Pair Programmer

GitHub Copilot, first released in 2021, acts as an AI pair programmer. It

integrates directly into your existing IDE (like VS Code) and provides real-time

code suggestions, autocompletions, and even entire function bodies based on

your comments and the surrounding code context. It's like having an experienced

developer looking over your shoulder, offering helpful snippets as you type.

Key features of GitHub Copilot (as of March 2026):

Inline Code Suggestions: Autocompletes lines and blocks of code as you

type.

Natural Language to Code: Generates code from plain English comments.

Context Awareness: Understands your project's files, opened tabs, and

even recent changes to offer relevant suggestions.

Copilot Chat: An integrated chat interface (in compatible IDEs) to ask

questions, refactor code, or debug.

Copilot CLI: Extends AI capabilities to your terminal for shell commands

(we'll touch on this in later chapters!). Per GitHub's official documentation,

Copilot CLI helps you "compose commands, explain commands, and enable

Copilot in the shell."

Copilot is an augmentation tool that enhances your existing coding environment.

It's reactive, waiting for your input to provide assistance.

Cursor IDE 2.6: The AI-Native Workbench with Agents

Cursor IDE, especially with its 2.6 "The Automation Release" (March 2026), goes a

step further. While it offers inline suggestions similar to Copilot, Cursor is

fundamentally an AI-native IDE built from the ground up to integrate AI agents

and automations deeply into the development workflow. It's not just an extension;

it's a complete environment designed for AI-driven development.

The key distinction lies in its focus on AI Agent-based Coding Systems. Instead

of just reactive suggestions, Cursor 2.6 allows you to define and run

"Automations" – essentially, pre-configured AI agents that can perform multi-step
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tasks, interact with your codebase, and even make changes autonomously based

on events or explicit commands.

Key features of Cursor IDE 2.6 (as of March 2026):

Deep Context Awareness: Beyond open files, Cursor builds a rich

understanding of your entire project, including issues, documentation, and

discussions, to provide highly relevant AI assistance.

Automations: Event-driven AI agents that can perform complex tasks like

fixing linting errors, generating documentation, refactoring code, or even

implementing features from a GitHub issue.

AI Chat: A powerful chat interface that can directly edit code, generate new

files, and answer questions with full project context.

Code Generation & Refactoring: Advanced capabilities to generate,

modify, and improve code based on prompts.

Debugging Assistance: AI-powered error analysis and suggestions for

fixes.

Think of Cursor 2.6 as an environment where AI can be a proactive teammate, not

just a passive assistant. It's designed for orchestrating multiple AI capabilities to

tackle larger problems.

Here's a visual representation of how these two types of AI coding systems

typically operate:

Step-by-Step Setup: GitHub Copilot

Let's get GitHub Copilot integrated into your Visual Studio Code environment.

1. Prerequisites Check

GitHub Account: Confirmed? Great!

VS Code (version 1.86 or newer): Download and install the latest stable

version from code.visualstudio.com.
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GitHub Copilot Subscription: Ensure you have an active subscription or

trial. You can manage this via your GitHub Copilot settings.

2. Install the GitHub Copilot Extension in VS Code

Open Visual Studio Code.

Navigate to the Extensions view by clicking the square icon on the sidebar

(or pressing Ctrl+Shift+X  / Cmd+Shift+X ).

In the search bar, type GitHub Copilot .

Find the official "GitHub Copilot" extension published by GitHub.

Click the Install button.

3. Authorize GitHub Copilot

After installation, VS Code will prompt you to sign in to GitHub to authorize

Copilot.

A notification might appear in the bottom right corner asking you to sign in.

Click Sign in to GitHub.

If not, click the Copilot icon (a small airplane or 'C') in the bottom status bar,

and select Sign in to GitHub.

Your web browser will open, prompting you to authorize the GitHub Copilot

extension. Follow the on-screen instructions to grant permission.

Once authorized, your browser will redirect you back to VS Code, and Copilot

will be active! The Copilot icon in the status bar will turn solid.

4. Basic Configuration (Optional but Recommended)

You can customize Copilot's behavior:

Go to File > Preferences > Settings ( Ctrl+,  or Cmd+, ).

Search for Copilot .

You'll find settings like:

GitHub Copilot: Enable/Disable : Toggle suggestions globally or for

specific languages.

GitHub Copilot: Inline Suggestions: Enabled : Whether to show

suggestions directly in your code.

GitHub Copilot: Advanced: Full Screen Completions : Shows

larger, multi-line suggestions.
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For now, leave most settings at their defaults. We'll explore fine-tuning in later

chapters.

Your First AI-Assisted Line with Copilot!

Let's try it out!

Create a new file in VS Code (e.g., test.py ).

Type the following comment:

```python

Function to calculate the
factorial of a number
def ```

Observe! Copilot should almost immediately suggest factorial(n): .

Accept it by pressing Tab . Then, type if n == 0:  and wait. Copilot should

suggest return 1 . Continue typing, and watch as Copilot fills in the rest of

the function!

```python

Function to calculate the
factorial of a number
def factorial(n): if n == 0: return 1 else: return n * factorial(n-1) ```

Amazing, right? This is just the beginning of your AI coding journey!

Step-by-Step Setup: Cursor IDE 2.6

Now, let's set up Cursor, the AI-native IDE that brings agent-based capabilities to

your fingertips.

1. Prerequisites Check

Cursor Subscription/Trial: Ensure you have an active plan. Visit cursor.sh

to sign up.

Internet Connection: For downloading and AI model access.

1. 
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2. Download and Install Cursor IDE 2.6

Open your web browser and go to the official Cursor website: https://

www.cursor.sh/

Look for the download link for your operating system (Windows, macOS,

Linux). As of March 2026, the latest stable release is Cursor 2.6.

Download the installer.

Run the installer:

macOS: Drag the Cursor application to your Applications folder.

Windows: Run the .exe  file and follow the on-screen instructions.

Linux: Extract the archive and run the Cursor executable. 5. Launch the 

Cursor application.

3. Account Login and Initial Setup

When you first launch Cursor, you'll be prompted to log in or create an account.

Enter your email and password associated with your Cursor account.

Cursor will guide you through an initial setup. This often includes:

Connecting to an LLM: Cursor allows you to choose your preferred Large

Language Model (LLM) provider. You can use Cursor's default models or

connect your own API keys for services like OpenAI (e.g., GPT-4-Turbo) or

Anthropic (e.g., Claude 3 Opus). * Why is this important? Different models

have different strengths and costs. Connecting your own API key often gives

you more control and potentially access to newer models faster.

Theme Selection: Choose your preferred light or dark theme.

Keybindings: Cursor generally follows VS Code keybindings, making the

transition smooth.

4. Open a Project Folder

Just like any IDE, you'll need to open a project folder for Cursor to understand

your codebase.

From the welcome screen or the menu, select File > Open Folder...

Navigate to a local folder containing a small coding project (even an empty

folder is fine for now).

Click Open.
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Cursor will now index your project, building its understanding of your files and

structure. This deep context is what powers its advanced AI features.

5. Explore the Cursor UI: Chat and Automations

Take a moment to familiarize yourself with Cursor's unique interface elements:

AI Chat Panel (Left Sidebar): This is where you'll interact with Cursor's

primary AI assistant. You can ask questions, request code, refactor, or

debug.

Automations Panel (Left Sidebar): This panel (often labeled

"Automations" or "Agents") is where you'll define, run, and manage your AI

agents. This is a core feature of Cursor 2.6, allowing for event-driven

workflows.

Your First AI Automation with Cursor!

Let's try creating a new file using Cursor's AI chat.

With a project folder open, click on the AI Chat icon in the left sidebar.

In the chat input field, type a clear prompt. For example: Create a new

file named `utils.py` in the root of this project. Inside it,

add a Python function called `sum_list` that takes a list of

numbers and returns their sum.

Press Enter .

Cursor's AI will process your request. It might ask for clarification or propose

a plan.

Once it's ready, it will often show you a preview of the changes (e.g., "Would

you like to create utils.py  with this content?").

Accept the changes.

You should now see a new utils.py  file in your project directory with the

requested function! This demonstrates Cursor's ability to not just suggest, but to 

act and modify your project structure.
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# utils.py (generated by Cursor AI)
def sum_list(numbers):

"""
    Calculates the sum of a list of numbers.

    Args:
        numbers: A list of integers or floats.

    Returns:
        The sum of the numbers in the list.
    """

return sum(numbers)

Remember: This is a simplified example. Cursor's Automations can be much more

complex, orchestrating multiple steps and interactions!

Mini-Challenge: Generate Your First AI-Assisted
Code

Now that you have both tools set up, let's put them to a small test and observe

their distinct approaches.

Challenge:

Using GitHub Copilot (in VS Code):

Open a new test.js  file.

Write a comment: // Function to reverse a string

Then, type function reverseString(  and try to get Copilot to

complete the function for you.

Hint: You might need to accept suggestions by pressing Tab  multiple

times.

Using Cursor IDE 2.6:

Open your project folder in Cursor.

Go to the AI Chat panel.

Prompt the AI to: Create a new TypeScript file named

'arrayUtils.ts' in the root. Inside it, add an exported

function called 'shuffleArray' that takes an array of any

type and returns a new shuffled array (using the Fisher-

Yates algorithm).

Accept the suggested changes.
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What to Observe/Learn:

Copilot's Reactivity: Notice how Copilot reacts to your typing, offering

inline suggestions. It's an extension of your existing workflow, acting as a

direct assistant.

Cursor's Proactivity: See how Cursor's AI Chat can understand complex

instructions and perform multi-step actions (creating a file, adding content)

without you typing any code yourself. This hints at its agent-based potential

to automate tasks.

Prompt Specificity: Even for these simple tasks, the clearer your initial

comment or prompt, the better the AI's output. This is a critical skill we'll

explore further!

Common Pitfalls & Troubleshooting

Even with the best tools, you might encounter a few bumps along the way. Here

are some common issues and how to troubleshoot them:

"Copilot/Cursor isn't suggesting anything!"

Check Subscription: Is your GitHub Copilot or Cursor subscription active?

Internet Connection: Ensure you have a stable connection. AI models are

typically cloud-hosted.

Extension/IDE Status: For Copilot, check the status bar icon. For Cursor,

ensure your LLM is connected in settings.

Context: Are you in a recognized file type? Have you opened a project

folder (for Cursor)? Sometimes, simply opening a file or typing a few lines

provides enough context for the AI to activate.

Language Support: Is the current file type supported by the AI? (Most

popular languages are).

"Authorization Failed" / "Login Loop"

Browser Issues: Try clearing your browser's cache and cookies, or try

authorizing from a different browser.

GitHub Status: Check GitHub's status page for any outages that might

affect authentication services.

• 

• 

• 
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Reinstall: As a last resort, try uninstalling and reinstalling the Copilot

extension or Cursor IDE.

"AI-generated code is incorrect or irrelevant."

Lack of Context: The AI might not have enough information. Ensure

relevant files are open, or add more descriptive comments/prompts.

Ambiguous Prompts: Be more specific in your comments or chat prompts.

"Write a function" is less effective than "Write a Python function called 

calculate_average  that takes a list of numbers and returns their floating-

point average, handling empty lists by returning 0."

Model Limitations: Sometimes, the AI simply makes a mistake or

"hallucinates." Always review generated code critically and understand it

before accepting.

Performance Issues (Slow Suggestions, Laggy UI)

System Resources: AI tools can be resource-intensive. Close unnecessary

applications to free up RAM and CPU.

Internet Speed: A slow connection can significantly impact real-time

suggestions and agent interactions.

IDE/Tool Updates: Ensure both VS Code/Cursor and their extensions are up

to date. Performance improvements are frequent with new releases.

Summary: Your AI Workbench is Ready!

Congratulations! You've successfully set up your AI-powered development

workbench with GitHub Copilot and Cursor IDE 2.6. You're now equipped with

tools that can fundamentally change the way you write code.

Here are the key takeaways from this chapter:

GitHub Copilot acts as an intelligent pair programmer, providing real-time

inline suggestions and code generation within your existing IDE. It's a

reactive assistant.

Cursor IDE 2.6 is an AI-native development environment focused on agent-

based coding, allowing AI to proactively perform complex tasks and modify

your codebase.

Setup is straightforward but requires active subscriptions, a compatible

IDE (for Copilot), and a good internet connection.

• 
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Context and clear prompts are crucial for getting useful output from both

tools, guiding the AI effectively.

Troubleshooting common issues involves checking subscriptions,

internet connectivity, providing sufficient context, and refining your

instructions.

Remember, these tools are designed to augment your abilities, not replace them.

They are powerful assistants that allow you to focus on higher-level problem-

solving and creative design, freeing you from repetitive coding tasks.

In the next chapter, we'll dive deep into the art of Prompt Engineering. You'll

learn how to craft precise and effective instructions to unlock the full potential of

your new AI workbench, transforming AI from a simple autocomplete tool into a

truly senior developer-level assistant. Get ready to master the language of AI!

References

GitHub Copilot: Get Started Features

GitHub Copilot CLI Command Reference

Cursor IDE Official Website

Visual Studio Code Official Website

This page is AI-assisted and reviewed. It references official documentation and

recognized resources where relevant.
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CHAPTER 12

Welcome to AI-Augmented
Development: Copilots vs.
Agents

Welcome to AI-Augmented Development: Copilots
vs. Agents

Hello there, future-forward developer! Are you ready to supercharge your coding

workflow and unlock new levels of productivity? Over the next few chapters, we're

going on an exciting journey into the world of AI-augmented development. This

isn't just about autocomplete; it's about fundamentally changing how we build

software, allowing us to focus on higher-level problem-solving and innovation.

In this first chapter, we'll lay the groundwork by exploring the landscape of AI

coding tools. We'll clarify the crucial distinction between AI Copilots – your

interactive coding companions – and AI Agent-based Systems – autonomous

entities capable of executing multi-step tasks. By the end, you'll have a clear

understanding of what these tools are, why they're rapidly becoming

indispensable, and how they fit into the modern developer's toolkit. No prior AI

experience is needed, just your curiosity and a willingness to embrace the future

of coding!

Prerequisites

This chapter is designed as a starting point, so there are no specific technical

prerequisites other than a basic understanding of software development concepts

and familiarity with using an Integrated Development Environment (IDE).

The Dawn of AI-Augmented Development

Imagine having an expert pair-programmer constantly by your side, ready to

suggest code, explain complex functions, or even help debug. This isn't a sci-fi

fantasy anymore; it's the reality of AI-augmented development. These tools aren't

here to replace human creativity or critical thinking, but rather to amplify them.

They handle the repetitive, boilerplate tasks, allowing you to dedicate your

mental energy to architectural design, complex algorithms, and innovative

solutions.
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The field is evolving at a breathtaking pace. What started as simple code

completion has blossomed into sophisticated systems capable of understanding

context, writing tests, refactoring code, and even generating entire pull requests.

Understanding this evolution is key to harnessing their full power.

Copilots: Your Interactive Coding Assistant

Think of an AI copilot as your intelligent, always-on assistant within your IDE. It

observes your code, understands the context of your project, and offers real-time

suggestions to help you write code faster and more efficiently.

How They Work

Tools like GitHub Copilot (as of March 2026, often integrated into IDEs like VS

Code) leverage large language models (LLMs) trained on vast amounts of public

code. When you start typing, the copilot analyzes your current file, other open

files, and even comments to predict what you're trying to achieve. It then

presents suggestions directly in your editor, ranging from single lines to entire

functions.

Capabilities of an AI Copilot

Inline Code Suggestions: As you type, the copilot offers autocomplete

suggestions that you can accept with a tap.

Block Generation: Based on a comment or function signature, it can

generate entire code blocks, functions, or even classes.

Code Explanation: Many copilots offer chat interfaces where you can ask it

to explain a piece of code, a concept, or even a foreign API.

Test Generation: You can often prompt it to generate unit tests for a

specific function or module.

Refactoring Suggestions: It can suggest ways to improve existing code

for readability, performance, or adherence to best practices.

Example Interaction with a Copilot:

You might type a comment like: // Function to calculate the factorial of

a number  And your copilot would immediately suggest:

def factorial(n):
if n == 0:

return 1
else:

return n * factorial(n-1)

• 

• 

• 

• 

• 
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Explanation: The copilot detected your comment and function signature,

understood the common task of string reversal, and offered a common Pythonic

solution. Your role is to initiate the task and accept the suggestion. This is the

essence of a copilot: a highly responsive, context-aware helper that speeds up

your typing and provides intelligent assistance right where you need it.

AI Agents: Autonomous Workflow Engines

While copilots assist you interactively, AI Agent-based Systems take a more

proactive and autonomous role. These agents are designed to understand

complex tasks, break them down into smaller steps, and often execute those

steps without constant human prompting. They can operate across multiple files,

interact with external tools (like version control, issue trackers, or testing

frameworks), and even coordinate with other agents.

How They Work

Agents are typically event-driven and goal-oriented. You give them a higher-level

objective (e.g., "Implement feature X from issue Y") and they leverage their

understanding of the codebase and available tools to perform a series of actions.

They might:

Read the issue description.

Analyze relevant files.

Generate a plan.

Write code.

Create tests.

Run tests.

Debug if tests fail.

Commit changes.

Open a Pull Request (PR).

Cursor 2.6: The Automation Release (as of March 2026) is a prime example of

an IDE built around this agentic paradigm. It introduces "Automations" which are

essentially pre-defined or custom AI agent workflows. GitHub Copilot is also

rapidly evolving its agent capabilities, moving beyond simple inline suggestions to

more complex, multi-step actions that can be triggered through chat or CLI.

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
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Capabilities of AI Agent Systems

Issue Resolution: Assign an entire GitHub issue to an agent, and it can

attempt to implement the solution, create a PR, and even respond to

feedback.

Complex Refactoring: Direct an agent to refactor a large module, and it

can analyze dependencies, apply changes, and ensure tests still pass.

Boilerplate Generation: Automate the creation of entire project

structures, configuration files, or database schemas.

Automated Debugging: When an error occurs, an agent can analyze logs,

suggest fixes, apply them, and re-run tests.

Multi-Agent Orchestration: In advanced setups, multiple agents can

collaborate on a single task, each specializing in a different aspect (e.g., one

for frontend, one for backend, one for testing).

Custom Workflows: Define your own "automations" or "agents" for highly

specific, repetitive tasks unique to your project or team.

Example Interaction with an AI Agent System:

Using a tool like Cursor 2.6 or Copilot's agent features, you might open a chat

panel and type:

@agent implement 'Add user profile picture upload functionality'

from issue #123. Ensure proper error handling and update

documentation.

Explanation: The agent would then autonomously start working, potentially

showing progress updates as it analyzes, codes, tests, and prepares a PR. You're

delegating a complex, multi-step task, and the agent orchestrates the various

actions needed to achieve the goal.

Key Differences: Copilots vs. Agents

The distinction between copilots and agents is crucial for understanding how to

best leverage these tools.

• 

• 

• 
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Feature AI Copilot (e.g., GitHub

Copilot)

AI Agent (e.g., Cursor Automations,

Copilot Agents)

Primary

Mode

Interactive, real-time suggestions Autonomous, goal-oriented execution of

multi-step tasks

Interactio

n

Inline suggestions, chat

commands for specific actions

Higher-level prompts (e.g., "fix issue

X"), multi-step workflows, event-driven

Scope Local code context, current file,

immediate surroundings

Entire project, external tools (Git, issue

trackers, CI/CD), broader context

Autonomy

Level

Low to moderate; requires

constant human guidance and

acceptance

Moderate to high; can execute

sequences of actions, make decisions,

self-correct

Use Case Speed up coding, boilerplate,

explain code, quick fixes

Feature implementation, large

refactors, automated testing, issue

resolution, PRs

Human

Involveme

nt

High; human reviews and accepts

almost every suggestion

Lower; human defines goals, reviews

final output (e.g., PR), intervenes if

stuck

When to Use Which?

Use a Copilot when: You're actively coding, need quick suggestions, want

to understand a piece of code, or generate a small function. It's best for

accelerating your current coding task.

Use an Agent when: You have a well-defined, multi-step task that can be

automated, like implementing a feature from an issue, performing a

significant refactor, or setting up new project boilerplate. It's best for

delegating larger workflows.

• 

• 
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Figure 1.1: Conceptual Workflow: Copilots assist in real-time coding, while Agents

handle multi-step, autonomous tasks.

Guided Exercise: Prompting for a Simple Function

While we won't be writing actual code in an IDE just yet (that's for the next

chapter!), you can still get a feel for interacting with AI. This exercise will help you

understand how to guide an AI copilot through a simple task by writing a clear

comment.

Your Task: Imagine you are in a Python file and you want an AI copilot to

generate a function that checks if a given string is a palindrome.

Open a text editor or an empty file in your IDE.

Type the following comment: python # Function to check if a

string is a palindrome What you're doing: You're providing a clear,

natural language instruction to the AI. This is a form of "prompting" that a

copilot would interpret.

Now, imagine the copilot's suggestion. Based on your comment, a good

AI copilot would likely suggest something similar to this:

```python

1. 

2. 

3. 
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Function to check if a string
is a palindrome
def is_palindrome(s): return s == s[::-1] ```

Explanation of the AI's imagined output: The copilot understood your intent

and generated a function signature ( def is_palindrome(s): ) and a

concise, Pythonic implementation ( return s == s[::-1] ) that compares

the string to its reversed version.

What to Observe/Learn: This simple exercise demonstrates the power of a well-

crafted comment. Even a single line can be enough for an AI copilot to understand

your intent and provide a useful code snippet. It highlights how your interaction

with a copilot is often about guiding it with clear comments or partially written

code, then reviewing and accepting its suggestions.

Mini-Challenge: Crafting Your First AI Agent Prompt

Even without an AI tool installed yet, you can start practicing a critical skill: 

prompt engineering. This is the art of crafting clear, specific instructions for AI.

Challenge: Imagine you want an AI agent to set up a new web project. Write a

prompt you would give to an AI agent system (like Cursor's Automations or a

Copilot agent) to achieve this.

Your Prompt Should: 1. Specify the project name. 2. Indicate the desired

frontend framework (e.g., React, Vue, Angular). 3. Indicate the desired backend

framework (e.g., Node.js with Express, Python with FastAPI). 4. Mention a

database (e.g., PostgreSQL, MongoDB). 5. Ask for basic setup (e.g., project

structure, README.md , package.json / requirements.txt ). 6. Suggest adding a

simple "Hello World" endpoint on the backend.

Hint: Think about how you'd explain this to a junior developer. Be explicit, but

concise.

What to Observe/Learn: This exercise helps you start thinking like an "AI

whisperer." You'll realize how important clarity and specificity are when delegating

tasks to an autonomous system. The better your prompt, the better the AI's

output.
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Common Pitfalls & Troubleshooting (Initial
Thoughts)

As you begin your journey, it's natural to encounter some initial hurdles. Here are

a couple of common pitfalls to be aware of even at this introductory stage:

Blindly Accepting AI Suggestions: The most common mistake is to

blindly accept code generated by a copilot or agent without reviewing it.

While AI is powerful, it can still produce incorrect, inefficient, or even

insecure code.

Troubleshooting: Always, always, always review AI-generated code.

Understand what it does, why it works (or doesn't), and how it fits into your

project. Treat it as a starting point, not a final solution. Your understanding is

paramount. 2. Vague Prompts Leading to Irrelevant Output: If your

instructions to an AI agent are too generic, the output will likely be generic

or off-topic. The AI doesn't read your mind!

Troubleshooting: Practice prompt engineering. Be specific, provide

context, and break down complex requests into smaller, clearer steps if

necessary. If the AI output isn't what you expected, refine your prompt,

adding more detail or constraints.

Summary

Phew! You've taken your first step into the exciting world of AI-augmented

development. Let's quickly recap what we've covered:

AI-Augmented Development is about using AI to enhance, not replace,

human developers, boosting productivity and allowing focus on higher-level

tasks.

AI Copilots (like GitHub Copilot) are interactive assistants that provide real-

time code suggestions, explanations, and generation based on your

immediate coding context. They are great for speeding up your day-to-day

coding.

AI Agent-based Systems (like Cursor 2.6 Automations or advanced Copilot

agents) are more autonomous, capable of understanding high-level goals

and executing multi-step workflows, from issue resolution to PR creation.

The key distinction lies in autonomy and scope: Copilots assist

interactively within your current task, while Agents can take on and manage

larger, multi-stage projects.

1. 
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Prompt Engineering is a vital skill for effectively communicating with both

types of AI tools.

Always review AI-generated code and provide clear, specific prompts

to avoid common pitfalls.

In the next chapter, we'll get hands-on! We'll guide you through setting up your

development environment and installing an AI coding tool, so you can start

experiencing the power of AI-augmented development firsthand. Get ready to

code with your new AI partner!

References

GitHub Copilot: Your AI pair programmer

GitHub Copilot features

GitHub Copilot CLI command reference

Cursor IDE - The AI-first Code Editor (Referencing Cursor 2.6 "The

Automation Release" as of March 2026. Specific documentation for

'Automations' would typically be found on their official site upon release.)

This page is AI-assisted and reviewed. It references official documentation and

recognized resources where relevant.
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CHAPTER 13

Coding Smarter: AI Agents for
Development, Debugging, and
Dynamic Scripts

Coding Smarter: AI Agents for Development,
Debugging, and Dynamic Scripts

Welcome back, fellow command-line enthusiasts! In our previous chapters, we've

explored the foundations of CLI-first AI systems, understanding what AI agents are

and how they can operate within your terminal environment. Now, it's time to put

that knowledge into action and see how these intelligent agents can

fundamentally change your daily development, debugging, and scripting

workflows.

This chapter is all about empowering you to code smarter, not harder. We'll dive

into the practical applications of integrating AI agents directly into your

development cycle, from automating repetitive commands and generating

dynamic scripts to assisting with debugging. By the end of this chapter, you'll

understand how to build and leverage AI agents that speak the language of your

shell, making your terminal a significantly more powerful and intuitive workspace.

Before we begin, a solid grasp of basic shell scripting (Bash, Zsh, etc.) and Python

fundamentals will be incredibly helpful. If you've been following along, you're

already in great shape! Let's unlock a new level of productivity together.

Core Concepts: AI in Your Developer Toolbox

Imagine a coding assistant that lives right in your terminal, ready to generate the

perfect git  command, suggest a code refactoring, or even help pinpoint a bug.

That's the promise of AI agents in developer workflows. They're designed to

understand your intent and interact with your existing tools, making your terminal

a collaborative partner.

AI Agents for Command Automation

One of the most immediate benefits of CLI-first AI agents is their ability to

automate command execution. Instead of remembering complex syntax or sifting

AI VOID [https://aivoid.dev]

Coding Smarter: AI Agents for Development, Debugging, and Dynamic Scripts 147



through man  pages, you can express your intent in natural language, and the AI

agent can:

Generate Commands: Translate your request ("commit all changes with

message 'feat: add new feature'") into the precise git commit -am "feat:

add new feature"  command.

Suggest Commands: Offer a list of potential commands based on your

context or query.

Execute Commands: With your explicit permission (crucial for safety!),

directly run the generated command in your shell.

This isn't just about saving keystrokes; it's about reducing cognitive load and

preventing errors by offloading the memorization of intricate command structures

to an intelligent system.

Scripting with AI: Beyond Static Logic

Traditional shell scripts are powerful but static. They execute a predefined

sequence of commands. AI agents introduce a new dimension: dynamic scripting.

This means your scripts can now:

Adapt to Context: An AI-powered script can analyze the current project

state, file contents, or recent git  history and adjust its behavior

accordingly.

Generate On-the-Fly Logic: Instead of hardcoding every possibility, the

script can consult an AI to generate specific commands or logic paths based

on runtime conditions or user input.

Handle Ambiguity: Natural language input can be processed by the AI to

infer intent, allowing for more flexible and user-friendly scripts.

Think of it as giving your shell scripts a brain, allowing them to make intelligent

decisions and perform actions that would be impossible with static logic alone.

Python is often the language of choice for building these intelligent components,

as it seamlessly integrates with shell commands and offers robust AI/ML libraries.

1. 

2. 

3. 
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Seamless Shell Tool Integration: The Power of Pipes and
Redirects

For AI agents to truly be "CLI-first," they must integrate flawlessly with the

existing ecosystem of shell tools. This is where the venerable concepts of pipes

(|) , redirects (>, <) , and environment variables  become critical.

Pipes ( | ): Allow the output of one command (which could be generated by

an AI agent) to become the input of another. For example, an AI agent

generates a grep  command, its output is then piped to awk  for further

processing.

**Redirects ( > , < ): Enables AI agents to read from files ( < ) as context or

write their generated output to files ( > ) for later use or as input for other

tools.

Environment Variables: AI agents can read environment variables for

contextual information (e.g., current project directory, user preferences) and

even set them to influence subsequent shell commands.

By mastering these interactions, you enable AI agents to participate in complex,

multi-step terminal workflows alongside your favorite tools like jq , awk , sed , 

grep , find , and xargs .

AI-Discoverable Skills: Teaching Agents What Tools Can Do

How does an AI agent know that git status  shows current changes or that ls

-l  lists files in long format? This is where the concept of "AI-discoverable skills"

comes into play. Inspired by projects like CLI-Anything , the idea is to provide

structured descriptions of what CLI tools can do.

A common approach involves a SKILL.md  file (or similar structured format)

placed alongside a CLI tool's definition. This file would describe:

Tool Name: git

Description: "Version control system."

Commands/Functions:

status : "Shows working tree status."

commit : "Record changes to the repository."

branch : "List, create, or delete branches."

Parameters: What arguments each command accepts, their types, and

descriptions.

• 
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An AI agent can then parse these SKILL.md  files, building an internal model of

available tools and their capabilities. When you ask the agent, "How do I see

changes in my project?", it can look up the git  tool's status  skill and suggest 

git status . This approach makes agents extensible and adaptable to new tools

without needing to be retrained on specific command-line interfaces.

Multi-Agent Workflows: Orchestrating Intelligence

While a single AI agent can be incredibly helpful, the true power emerges when

multiple agents collaborate. Imagine a scenario where:

An "Issue Agent" reads a bug report.

It passes the context to a "Code Agent" that suggests code changes.

The "Code Agent" then informs a "Test Agent" to generate unit tests for the

proposed fix.

Finally, a "Deployment Agent" handles the build and deployment if tests

pass.

This is a multi-agent workflow. Tools like AWS's CLI Agent Orchestrator (CAO)

are exploring ways to manage and coordinate these sessions, often leveraging 

tmux  for parallel execution and shared context. It's an exciting, albeit still

maturing, area. Designing modular agents with clear roles is key to success here,

as overlapping responsibilities can lead to conflicts and unpredictable behavior.

Let's visualize a simple AI agent workflow in your terminal:

1. 

2. 

3. 

4. 
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In this diagram, the AI Agent acts as an intelligent intermediary, understanding

your intent, leveraging predefined skills, and interacting with the shell on your

behalf, always with your explicit approval for execution.

Step-by-Step Implementation: Building a Smart git
Helper

For our practical example, we'll create a basic AI-powered git  helper that can

suggest and (optionally) execute git  commands based on natural language

input. We'll use Python for the AI logic (simulating an LLM call for simplicity, but

easily extendable to a real LLM API) and Bash to integrate it seamlessly into our

terminal workflow.

Our Goal: A shell script that, when given a prompt like "commit all changes with

a message 'initial commit'", will suggest git commit -am 'initial commit'

and ask for confirmation before executing.

First, let's set up our Python script.
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Step 1: Create the Python AI Agent Script

We'll create a Python script named git_ai_agent.py . This script will take a

natural language query as an argument and return a suggested git  command.

For this example, we'll use a simple rule-based system to keep it focused, but

imagine this logic being replaced by a call to an actual Large Language Model

(LLM) (like Google's Gemini, OpenAI's GPT, etc.).

We'll use Python 3.10+ (as of 2026-03-20, Python 3.12 is the latest stable release,

but 3.10+ is widely compatible and recommended).

Let's start by importing the necessary modules and setting up our simulated LLM

logic.

Create a file named git_ai_agent.py  and add the following lines:

# git_ai_agent.py
import sys
import os

# --- Configuration for simulated LLM ---
# In a real scenario, this would be an API call to a large language model.
# For simplicity and to avoid external dependencies for this guide,
# we'll simulate the LLM's response based on keywords.
# As of 2026-03-20, many LLM APIs are available, e.g., Google Gemini API, 
OpenAI API.
# You would typically install a client library like `google-generativeai` or 
`openai`.
# Example:
# from google.generativeai.client import get_default_retriever_async_client
# client = get_default_retriever_async_client()
# response = client.generate_content(prompt)
# ----------------------------------------

Explanation: - import sys : This module provides access to system-specific

parameters and functions, which we'll use to read command-line arguments. - 

import os : This module provides a way of using operating system dependent

functionality. While not directly used in this simplified version, it's common for AI

agents to interact with the file system or environment variables. - The comments

describe where a real LLM integration would typically go. For this guide, we're

simulating that behavior with simple if/elif  statements.

Next, let's add the core function that will "think" like our AI agent and suggest 

git  commands.

Append this function to your git_ai_agent.py  file:
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# git_ai_agent.py (continued)

def simulate_llm_response(query: str) -> str:
"""

    Simulates an LLM generating a git command based on a query.
    In a real application, this would involve calling a true LLM API.
    """

query_lower = query.lower()

# Handle 'git status' requests
if "status" in query_lower:

return "git status"
# Handle 'git add .' requests
elif "add all" in query_lower or "stage all" in query_lower:

return "git add ."
# Handle 'git push' requests
elif "push" in query_lower:

return "git push"
# Handle 'git pull' requests
elif "pull" in query_lower:

return "git pull"
# Handle 'git log' requests
elif "log" in query_lower:

return "git log --oneline --graph --decorate"

Explanation: - We define a function simulate_llm_response  that takes a 

query  string and is expected to return a command string. - query_lower =

query.lower() : We convert the user's query to lowercase for easier keyword

matching, making our simulated agent less sensitive to capitalization. - The if/

elif  blocks check for common keywords ( "status" , "add all" , "push" , etc.)

and return the corresponding git  command. This is our "AI logic" for now!

Now, let's add more sophisticated logic for git commit  and git branch  where

the agent needs to extract information from the user's query.

Append these elif  blocks to your simulate_llm_response  function in 

git_ai_agent.py :

AI VOID [https://aivoid.dev]

Coding Smarter: AI Agents for Development, Debugging, and Dynamic Scripts 153



# git_ai_agent.py (continued)

# Handle 'git commit -am' requests, extracting the message
elif "commit all" in query_lower or "commit everything" in query_lower:

message_start = query_lower.find("message '")
if message_start != -1:

# If a message is provided, try to extract it
message_end = query_lower.find("'", message_start + len("message 

'"))
if message_end != -1:

message = query[message_start + len("message '"):message_end]
return f"git commit -am '{message}'"

return "git commit -am 'feat: initial commit'" # Default message if 
none found

# Handle 'git branch' (list) requests
elif "branch list" in query_lower or "show branches" in query_lower:

return "git branch"
# Handle 'git branch <new-branch-name>' (create) requests
elif "create branch" in query_lower:

branch_name_start = query_lower.find("create branch ")
if branch_name_start != -1:

branch_name = query[branch_name_start + len("create branch "):].str
ip()

if branch_name: # Ensure a branch name was actually found
return f"git branch {branch_name}"

return "git branch <new-branch-name>" # Suggest template if no name

# Handle 'git checkout <branch-name>' (switch) requests
elif "checkout branch" in query_lower or "switch to branch" in query_lower:

branch_name_start = query_lower.find("branch ")
if branch_name_start != -1:

branch_name = query[branch_name_start + len("branch "):].strip()
if branch_name: # Ensure a branch name was actually found

return f"git checkout {branch_name}"
return "git checkout <existing-branch-name>" # Suggest template if no 

name

Explanation: - For "commit all" queries, we use find("message '")  to locate

the start of a commit message within single quotes. If found, we extract that

message; otherwise, we provide a default. This demonstrates basic parameter

extraction from natural language. - Similar logic is applied for "create branch" and

"checkout branch", where we attempt to extract the branch name from the query.

If no name is found, we return a generic git  command with a placeholder.

Finally, we need to add a fallback for unrecognized commands and the main

execution block for our Python script.

Append the following to complete your git_ai_agent.py  file:
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# git_ai_agent.py (continued)

else:
# Fallback for unknown commands
return f"echo 'AI could not determine a specific git command for: \"{qu

ery}\". Please try again or be more specific.'"

if __name__ == "__main__":
if len(sys.argv) < 2:

print("Usage: python git_ai_agent.py \"Your natural language query\"")
sys.exit(1)

user_query = " ".join(sys.argv[1:])
suggested_command = simulate_llm_response(user_query)
print(suggested_command) # The output will be read by our shell script

Explanation: - else: return f"echo 'AI could not determine...'" : If

none of the if/elif  conditions match, the agent returns an informative message

indicating it couldn't understand the request. We format this as an echo

command so our Bash script can directly print it. - 

if __name__ == "__main__": : This standard Python construct ensures the code

inside only runs when the script is executed directly (not when imported as a

module). - if len(sys.argv) < 2: : Checks if the user provided a query

argument. sys.argv[0]  is the script name itself, so we expect at least one more

argument. - user_query = " ".join(sys.argv[1:]) : Gathers all command-line

arguments (after the script name) and joins them into a single string, which

becomes our user_query . - suggested_command =

simulate_llm_response(user_query) : Calls our AI logic function. - 

print(suggested_command) : This is the critical part! The Python script prints the

generated command to standard output. Our Bash script will capture this output.

Step 2: Create a Bash Wrapper Script

Now, let's create a Bash script that will act as our terminal entry point. This script

will call our Python agent, get its suggestion, and then allow us to execute it.

Create a new file named gai  (for "Git AI") in the same directory as 

git_ai_agent.py .

Let's start with the shebang line and configuration variables.

Add these lines to your new gai  file:
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# gai
#!/bin/bash

# --- Configuration ---
# Set the path to your Python executable (e.g., in a virtual environment)
# As of 2026-03-20, Python 3.12 is the latest stable release.
# Ensure Python 3.10+ is installed.
PYTHON_EXECUTABLE=$(which python3) # Or specify a full path like /usr/bin/
python3
# Set the path to your AI agent script
GIT_AI_AGENT_SCRIPT="$(dirname "$0")/git_ai_agent.py"
# ---------------------

Explanation: - #!/bin/bash : This is the shebang line. It tells the operating

system to execute this script using bash . - PYTHON_EXECUTABLE : This variable is

set to the path of your Python 3 interpreter. $(which python3)  attempts to find 

python3  in your system's PATH. You might need to adjust this if you're using a

specific virtual environment or a different Python executable name. - 

GIT_AI_AGENT_SCRIPT : This variable points to our Python AI agent script. $

(dirname "$0")  gets the directory where the gai  script itself is located,

ensuring the Python script is found even if gai  is executed from a different

directory.

Next, we'll add some crucial error handling to ensure our Python environment is

set up correctly.

Append this to your gai  file:

# gai (continued)

# Ensure Python executable exists
if ! command -v "$PYTHON_EXECUTABLE" &> /dev/null; then

echo "Error: Python executable '$PYTHON_EXECUTABLE' not found." >&2
echo "Please ensure Python 3.10+ is installed and accessible in your PATH, 

or update PYTHON_EXECUTABLE in '$0'." >&2
exit 1

fi

# Ensure the AI agent script exists
if [ ! -f "$GIT_AI_AGENT_SCRIPT" ]; then

echo "Error: AI agent script '$GIT_AI_AGENT_SCRIPT' not found." >&2
echo "Please ensure 'git_ai_agent.py' is in the same directory as '$0'."

>&2
exit 1

fi

Explanation: - if ! command -v "$PYTHON_EXECUTABLE" &> /dev/null;

then ... fi : This block checks if the PYTHON_EXECUTABLE  command is found in

the system's PATH. command -v  is a reliable way to check for executable

availability. &> /dev/null  redirects both standard output and standard error to /
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dev/null  to keep the check silent. If Python isn't found, an error message is

printed to stderr  ( >&2 ), and the script exits. - if [ ! -f

"$GIT_AI_AGENT_SCRIPT" ]; then ... fi : This checks if our 

git_ai_agent.py  file exists at the specified path. If not, it prints an error and

exits.

Now, let's add the logic to handle user input, call our Python agent, and capture

its suggestion.

Append this to your gai  file:

# gai (continued)

# Check if a query was provided
if [ -z "$1" ]; then

echo "Usage: $0 \"Your natural language git query\""
echo "Example: $0 \"commit all changes with message 'refactor: cleanup 

code'\""
exit 0 # Exit gracefully if no query provided

fi

# Join all arguments to form the natural language query for the AI agent
USER_QUERY="$*"

echo "Thinking... (AI is processing your request)"

# Call the Python AI agent and capture its output
# We use command substitution `$(...)` to capture the output.
SUGGESTED_COMMAND=$("$PYTHON_EXECUTABLE" "$GIT_AI_AGENT_SCRIPT" "$USER_QUERY")

# Check if the AI agent returned an error message (our specific echo 'AI could 
not...')
if [[ "$SUGGESTED_COMMAND" == echo*'AI could not determine'* ]]; then

echo "$SUGGESTED_COMMAND" # Print the AI's error message directly
exit 1

fi

Explanation: - if [ -z "$1" ]; then ... fi : Checks if the first argument

( $1 ) is empty. If no query is provided, it prints a usage message and exits. - 

USER_QUERY="$*" : This collects all command-line arguments passed to gai

(excluding the script name itself) and joins them into a single string, which is then

passed to our Python script. - SUGGESTED_COMMAND=$("$PYTHON_EXECUTABLE"

"$GIT_AI_AGENT_SCRIPT" "$USER_QUERY") : This is the core integration! It

executes our Python script, passing the user's query, and captures all of the

Python script's standard output into the SUGGESTED_COMMAND  variable. - if

[[ "$SUGGESTED_COMMAND" == echo*'AI could not determine'* ]];

then ... fi : This checks if the SUGGESTED_COMMAND  starts with the specific

error message our Python script returns when it can't understand a query. If so, it

prints that message and exits.
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Finally, we'll add the crucial step of asking the user for confirmation before

executing the AI-generated command.

Append this to complete your gai  file:

# gai (continued)

echo ""
echo "AI Suggestion: $SUGGESTED_COMMAND"
echo ""

# Ask the user for confirmation before executing
read -p "Execute this command? [y/N] " -n 1 -r CONFIRMATION
echo "" # Add a newline after the prompt to clean up the terminal

if [[ "$CONFIRMATION" =~ ^[Yy]$ ]]; then
echo "Executing: $SUGGESTED_COMMAND"
# Execute the command
eval "$SUGGESTED_COMMAND"
# Note: `eval` is powerful but can be dangerous if the input is untrusted.
# Here, we control the AI's output, but in a real-world LLM scenario,
# extreme caution and sanitization are required.

else
echo "Command not executed."

fi

Explanation: - echo "AI Suggestion: $SUGGESTED_COMMAND" : Prints the

command generated by our Python agent. - read -p "Execute this command?

[y/N] " -n 1 -r CONFIRMATION : This prompts the user for confirmation. - -p :

Specifies the prompt string. - -n 1 : Reads only one character of input. - -r :

Prevents backslash escapes from being interpreted. - if [[ "$CONFIRMATION"

=~ ^[Yy]$ ]]; then ... else ... fi : Checks if the user's input was 'y' or 'Y'.

- eval "$SUGGESTED_COMMAND" : If confirmed, eval  executes the string stored in 

SUGGESTED_COMMAND  as a Bash command. This is powerful but also a security

concern. In this simple example, our Python script's output is controlled.

However, if you were integrating with a real LLM, you would need extremely

robust input validation and sanitization before using eval  to prevent potential

arbitrary code execution. Always prioritize human oversight for critical actions.

Step 3: Make the Bash Script Executable and Test

Save both files ( git_ai_agent.py  and gai ) in the same directory.

Make gai  executable: In your terminal, navigate to the directory where

you saved the files and run: bash chmod +x gai

Test it out! Navigate to a git  repository (or initialize one with git init )

in your terminal. Then, try running your new AI helper: ```bash # Try getting

the status ./gai "what is the current status?"

1. 

2. 

3. 
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Try adding all files
./gai "add all changes to staging"

Try committing with a
message
./gai "commit all changes with message 'feat: added new feature'"

Try pushing (ensure you have
a remote configured if you
execute)
./gai "push my changes"

Try creating a new branch
./gai "create branch my-new-feature"

Try checking out an existing
branch (replace 'main' with
an actual branch in your
repo)
./gai "checkout branch main"

Try an unrecognized
command
./gai "do something weird" `` You should see the AI's suggestion,

followed by the confirmation prompt. If you type y` and press Enter,

the command will execute!

This example demonstrates the fundamental pattern of CLI-first AI agents: natural

language input, AI processing, command generation, and user-confirmed

execution within the shell.
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Mini-Challenge: Enhance Your gai Agent

You've built a basic git  assistant. Now, let's make it a bit more versatile by

adding a non-git skill.

Challenge: Modify the git_ai_agent.py  script to also suggest a grep

command. Specifically, if the user asks something like "find 'TODO' in all python

files", the agent should suggest a command like grep -r "TODO" --

include="*.py" . .

Hint: * You'll need to add another elif  condition in your 

simulate_llm_response  function, before the final else  block. * Look for

keywords like "find" , "search" , and file types (e.g., "python files" , "js

files" , "markdown files" ). * Remember grep -r  for recursive search and --

include  to filter by file pattern. You'll need to extract both the search term and

the file pattern from the user's query.

What to Observe/Learn: * How easy it is to extend the agent's capabilities by

adding new "skills" (even simulated ones). * The process of parsing natural

language to extract specific parameters for a CLI command. * The power of

combining AI logic with existing powerful shell tools like grep .

Common Pitfalls & Troubleshooting

As you integrate AI agents into your CLI workflows, you might encounter a few

common hurdles.

Over-Complicating Prompts:

Pitfall: Trying to give the AI agent overly complex or ambiguous instructions

in a single prompt. This can lead to the AI generating incorrect or irrelevant

commands.

Troubleshooting: Start with simple, clear, and concise task definitions.

Break down complex tasks into smaller, sequential prompts. For example,

instead of "Refactor this entire module and fix all bugs," try "Suggest a

refactoring for function X " and then "Identify potential bugs in Y ." The AI is

a tool; guide it precisely.

Neglecting Robust Error Handling and Validation:

Pitfall: Blindly executing AI-generated commands without validating their

correctness or handling potential errors. AI models can "hallucinate" or

generate syntactically incorrect commands.

1. 

• 

• 

1. 

• 
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Troubleshooting: * Always ask for confirmation ( read -p ) before 

eval -ing a command, as we did in our gai  script. This is your primary

safety net. * Implement validation logic in your agent scripts. For

instance, before generating a git checkout  command, the agent could

first run git branch --list  to check if the branch actually exists. * 

Capture and log command output. If an executed command fails, display

the error message to the user and log it for debugging. * Use set -e  in

Bash scripts to exit immediately if any command fails, preventing

unintended subsequent actions.

Security Risks of eval  and Broad Permissions:

Pitfall: Granting AI agents broad permissions or using eval  with

unvalidated input from a powerful LLM, which could lead to arbitrary code

execution or data loss.

Troubleshooting:

Principle of Least Privilege: Only give your AI agent the minimum

permissions necessary to perform its tasks.

Input Sanitization: If you're using a real LLM, thoroughly sanitize and

validate its output before any execution. Ensure the generated command

only contains expected verbs and arguments. Regular expressions are your

friend here.

Sandboxing: For highly sensitive operations, consider running AI agents or

their generated commands within isolated environments (e.g., Docker

containers, virtual machines) to limit potential damage.

Human-in-the-Loop: Always maintain human oversight and approval for

critical actions.

Poor Terminal User Experience (UX):

Pitfall: An AI agent that floods the terminal with text, has inconsistent

output, or requires complex input formats, leading to user frustration and

inefficiency.

Troubleshooting:

Clear and Concise Output: Present AI suggestions and explanations

clearly. Use formatting (bold, color, if supported by your terminal) to

highlight important information.

Interactive Prompts: Use read -p  effectively for confirmation or

additional input.

• 

1. 

• 

• 
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Contextual Awareness: Design agents that are aware of the current

directory, git  status, or other environment variables to provide more

relevant suggestions.

Evolving UX: Keep an eye on evolving terminal UX patterns for AI, such as

"Accordion UIs" (where verbose output can be expanded/collapsed) or

integrated suggestion widgets, though these often require more advanced

terminal emulators or custom tooling.

Summary

Congratulations! You've successfully explored how AI agents can be integrated

into your developer workflows, transforming your terminal into a more intelligent

and automated environment.

Here are the key takeaways from this chapter:

AI Agents for Automation: They can generate, suggest, and (with

confirmation) execute shell commands, reducing manual effort and potential

errors.

Dynamic Scripting: AI enables scripts to adapt to context, generate logic

on the fly, and handle natural language input, moving beyond static

automation.

Seamless Shell Integration: Leveraging pipes, redirects, and environment

variables allows AI agents to interact effectively with existing CLI tools.

AI-Discoverable Skills: Concepts like SKILL.md  empower agents to

understand the capabilities of various CLI tools, making them extensible.

Multi-Agent Potential: While complex, orchestrating multiple agents holds

immense promise for automating intricate developer workflows.

Prioritize Safety and UX: Always validate AI-generated commands,

implement human confirmation steps, and design for a clear, intuitive

terminal experience.

In the next chapter, we'll delve deeper into the fascinating world of agent

orchestration, exploring how to manage multiple AI agents for even more

complex, collaborative tasks, and address some of the architectural challenges

involved. Get ready to build your own AI-powered team!

• 
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CHAPTER 14

Beyond Chat: Automating
Terminal Tasks with AI Agents

Introduction

Welcome back, fellow explorer of the AI frontier! In our previous chapters, we laid

the groundwork for understanding what AI agents are and why a CLI-first

approach holds so much promise. We've seen how AI can understand natural

language and respond in the terminal. But what if we could empower these

agents to do more than just chat? What if they could actually take action, execute

commands, and automate entire workflows directly within your terminal?

That's precisely what this chapter is all about! We're diving into the exciting world

of automating terminal tasks with AI agents. You'll learn how AI agents can

generate, execute, and even verify shell commands, transforming your command

line into a truly intelligent co-pilot. This isn't just about convenience; it's about

unlocking new levels of productivity, streamlining developer workflows, and

building powerful, dynamic automation scripts.

By the end of this chapter, you will be able to: * Understand the mechanics of how

AI agents interact with and control your shell. * Integrate AI agents with standard

Unix-like command-line tools. * Appreciate the concept of AI-discoverable skills

and how they empower agents. * Set up a basic environment to experiment with

AI-driven command automation. * Tackle practical challenges that demonstrate

the power of AI in your terminal.

Ready to turn your terminal into a smart automation hub? Let's get started!

Core Concepts: AI Agents Taking Action

Imagine having an assistant who not only understands your requests but also

knows how to execute them using the tools already at your disposal. That's the

essence of an AI agent automating terminal tasks. It moves beyond just providing

information to actively manipulating your environment through commands.

What is Command Automation with AI?

At its heart, AI command automation is the process where an AI agent, based on a

natural language prompt or an internal goal, generates and executes one or more
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shell commands. This could range from a simple ls -l  to a complex sequence

involving grep , awk , sed , and even calls to cloud APIs via their respective CLIs.

The key difference from traditional scripting is the AI's ability to: 1. Understand

intent: Translate "Find all large log files from yesterday" into appropriate find

and du  commands. 2. Reason about context: Know which commands are

available and how to combine them based on the current directory, environment

variables, or even previous command outputs. 3. Adapt dynamically: Generate

different commands based on changing conditions or user feedback without being

explicitly programmed for every scenario.

The AI Agent's "Brain" in the Terminal

How does an AI agent "think" and "act" in the terminal? It typically involves a loop

of perceive-reason-act:

Perceive: The agent receives input. This could be a user's natural language

request, the output of a previous command, the contents of a file, or even

system events.

Reason: The agent, often powered by a Large Language Model (LLM),

processes this input. It consults its internal knowledge, its defined "skills"

(which we'll discuss next), and the current state of the terminal to formulate

a plan. This plan often involves deciding which command(s) to execute.

Act: The agent executes the chosen command(s) in the shell. It then

captures the output, which becomes new input for the next "perceive"

phase.

This cycle allows for iterative problem-solving, where the agent can adjust its

actions based on the results it observes.

Integrating with Standard Shell Tools

The power of CLI-first AI agents lies in their ability to seamlessly integrate with

the rich ecosystem of existing Unix-like tools. This means your AI agent doesn't

need to reinvent the wheel for file manipulation, text processing, or network

operations. It can simply leverage grep , awk , sed , curl , kubectl , git , and

countless others.

How do they do this? Through the same mechanisms you use every day:

Pipes ( | ): Directing the output of one command as input to another. An AI

agent can intelligently chain commands this way.

Redirection ( > , < , >> ): Reading from files, writing to files, or appending

output.

1. 

2. 

3. 

• 

• 
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Environment Variables: Setting and reading environment variables to

configure commands or pass information between steps.

Exit Codes: Checking the success or failure of a command to decide the

next action.

This deep integration means that the AI agent becomes an expert orchestrator of

your existing toolset, rather than a replacement for it.

AI-Discoverable Skills: The Agent's Toolbelt

For an AI agent to effectively automate tasks, it needs to know what it can do.

This is where AI-discoverable skills come into play. Instead of hardcoding every

possible command, agents can dynamically discover and understand the

capabilities of available tools.

A common pattern for this is using a SKILL.md  file (as seen in projects like CLI-

Anything  or aspect-cli ). This Markdown file, placed alongside a CLI tool,

describes its functions, arguments, and expected outputs in a structured, human-

readable, and AI-parsable format. When an agent encounters a directory

containing such a file, it can "read" it, add the described commands to its internal

toolbelt, and then use them when appropriate.

Think of it like giving your assistant a manual for every new gadget you buy. The

agent reads the manual ( SKILL.md ), understands how to use the gadget (the CLI

tool), and then applies that knowledge to solve problems.

A Simple Agent-Shell Interaction Workflow

Let's visualize this interaction.

• 

• 

AI VOID [https://aivoid.dev]

Beyond Chat: Automating Terminal Tasks with AI Agents 166



Explanation of the Flow: 1. User Input: You provide a goal or question in

natural language. 2. AI Agent - Reasoning Engine: The agent's core, often an

LLM, processes your request, considers its available skills, and plans the

necessary steps. 3. AI Agent - Action Module: Based on the plan, the agent

constructs a specific shell command. 4. Terminal Shell: The command is

executed in your terminal. 5. Existing CLI Tools: The command interacts with

standard utilities (e.g., ls , grep , git ). 6. Return Output & Exit Code: The CLI

tool's output and its success/failure status are returned to the shell. 7. AI Agent -

Observation Module: The agent captures this output. 8. AI Agent - Reasoning

Engine: The agent evaluates the output. If the task is complete, it provides a

summary. If more steps are needed, it iterates back to the Action Module. 9. User

Output: The final result or a request for clarification is presented to you.

This iterative loop is what makes AI agents so powerful for dynamic task

automation.
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Step-by-Step Implementation: Building a Basic AI-
Assisted Terminal Executor

While building a full-fledged AI agent from scratch is beyond the scope of this

single chapter, we can set up a simplified environment to demonstrate how an AI 

could interact with your terminal to generate and execute commands. We'll use a

basic Python script to simulate an AI agent's interaction with the shell, and then

introduce gemini-cli  as a real-world example.

Prerequisites: * A modern terminal (Bash, Zsh, PowerShell, etc.). * Python

3.10+ (as of 2026-03-20). We recommend installing via pyenv  or your system's

package manager. * Node.js 20.x+ (as of 2026-03-20) and npm  for gemini-cli .

* Git for cloning repositories. * Basic familiarity with shell commands.

Step 1: Setting Up Your Environment

First, let's create a dedicated directory for our experiments.

# Create a new directory for our project
mkdir ai-terminal-automation
cd ai-terminal-automation

# Create a Python virtual environment to manage dependencies
python3 -m venv .venv
source .venv/bin/activate

You should see (.venv)  at the beginning of your prompt, indicating that the

virtual environment is active.

Step 2: Simulating AI Command Generation (Python)

Let's write a simple Python script that acts as a mock AI. It will "suggest" a

command based on a user's prompt and then allow us to execute it.

Create a file named simple_ai_executor.py :
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# simple_ai_executor.py
import subprocess
import os

def get_ai_suggested_command(user_prompt: str) -> str:
"""

    (Simulated AI) Suggests a shell command based on a user prompt.
    In a real AI system, an LLM would generate this command.
    """

user_prompt_lower = user_prompt.lower()

if "list files" in user_prompt_lower:
return "ls -l"

elif "show current directory" in user_prompt_lower:
return "pwd"

elif "create a directory" in user_prompt_lower:
# This is a simplification; a real AI would ask for the name
return "mkdir my_ai_dir"

elif "find python files" in user_prompt_lower:
return "find . -name '*.py'"

elif "check internet" in user_prompt_lower:
return "ping -c 3 google.com"

else:
return f"echo 'AI: I'm not sure how to "{user_prompt}" yet. Try 

something simpler!'"

def execute_command_safely(command: str) -> None:
"""

    Executes a given shell command and prints its output.
    Includes a safety prompt for user confirmation.
    """

print(f"\nAI suggests: `{command}`")
confirm = input("Do you want to execute this command? (y/N): ").lower()

if confirm == 'y':
try:

# Use subprocess.run for safer execution than os.system
# capture_output=True means stdout and stderr are captured
# text=True decodes stdout/stderr as text
result = subprocess.run(

command,
shell=True, # DANGER: shell=True can be a security risk if 

command is untrusted
capture_output=True,
text=True,
check=True # Raise an exception for non-zero exit codes

)
print("\n--- Command Output ---")
print(result.stdout)
if result.stderr:

print("--- Error Output ---")
print(result.stderr)

print("----------------------")
except subprocess.CalledProcessError as e:

print(f"\nError executing command: {e}")
print(f"Stderr: {e.stderr}")

except FileNotFoundError:
print(f"\nError: Command '{command.split()[0]}' not found. Is it 

installed and in your PATH?")
except Exception as e:

print(f"\nAn unexpected error occurred: {e}")
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else:
print("Command execution cancelled.")

if __name__ == "__main__":
print("Welcome to the Simple AI Terminal Executor!")
print("Type 'exit' to quit.")

while True:
user_input = input("\nYour command request (e.g., 'list files'): ")
if user_input.lower() == 'exit':

break

suggested_cmd = get_ai_suggested_command(user_input)
execute_command_safely(suggested_cmd)

print("Exiting AI Terminal Executor. Goodbye!")

Explanation of the Code: * get_ai_suggested_command : This function 

simulates the AI's reasoning. In a real application, this would involve sending your

prompt to an LLM (like OpenAI's GPT or Google's Gemini) and parsing its response

to extract a command. Here, we use simple keyword matching. * 

execute_command_safely : This function takes the suggested command and, 

crucially, asks for your confirmation before executing it. This is a critical

security measure when dealing with AI-generated commands, as malicious or

erroneous commands could harm your system. It uses Python's subprocess.run

for safer execution compared to os.system . The shell=True  argument allows

the command to be interpreted by the shell, but it also increases risk if the 

command  string is not carefully sanitized or trusted. * if __name__ ==

"__main__": : This block runs our main loop, continuously asking for your input

and processing it.

Step 3: Running Your Simulated AI Executor

Now, let's run our script!

python simple_ai_executor.py

You'll see a prompt:

Welcome to the Simple AI Terminal Executor!
Type 'exit' to quit.

Your command request (e.g., 'list files'):

Try these prompts: * list files  * show current directory  * create a

directory  (Then check with ls !) * find python files  * check internet

connection  * what time is it?  (This should trigger the fallback message)
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Observe how the "AI" suggests a command, and you have the power to approve

or deny its execution. This interactive feedback loop is essential for building trust

and control in AI-driven automation.

Step 4: Exploring a Real-World CLI-First AI Tool: gemini-cli

While our Python script was a simulation, tools like gemini-cli  offer a concrete

example of a CLI-first AI agent. gemini-cli  is an open-source project that brings

Google's Gemini AI directly to your terminal, allowing you to ask questions and

even generate code snippets or commands.

Installation (as of 2026-03-20): gemini-cli  is a Node.js-based tool. You'll

need Node.js (v20.x+) and npm installed.

Install gemini-cli  globally: bash npm install -g gemini-cli@latest

Note: The @latest  ensures you get the most current stable version.

Authenticate with Google Gemini: You'll need a Google Cloud Project

with the Gemini API enabled and an API key. Follow the official

documentation for detailed steps: Google Gemini API Quickstart Once you

have your API key, configure gemini-cli : bash gemini-cli config set

API_KEY YOUR_GEMINI_API_KEY_HERE Replace 

YOUR_GEMINI_API_KEY_HERE  with your actual key.

Basic Usage: Now you can interact with Gemini directly from your terminal!

bash gemini "Suggest a shell command to recursively find all

`.txt` files in the current directory that contain the word

'report'." gemini-cli  will respond with a suggested command, which

you can then copy and execute. While gemini-cli  itself doesn't auto-

execute for safety reasons (a good practice!), it empowers you to quickly

generate the commands you need.

Why is this CLI-first? Because its primary interface is the command line.

It's designed to be invoked, piped, and scripted with other shell tools,

making it a natural fit for command automation workflows.

Mini-Challenge: AI-Assisted File Cleanup

Let's put your understanding to the test with a practical scenario.

Challenge: You have a directory filled with various files, and you want to clean up

temporary files. Your goal is to use an AI-assisted approach to: 1. Identify all files

ending with .tmp  or starting with temp_  in the current directory and its

1. 

2. 

3. 
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subdirectories. 2. Generate a command to delete these files. 3. Review and

execute the command safely.

Instructions: * Create a temporary directory and populate it with a few dummy

files (e.g., test.txt , log.tmp , temp_data.csv , subdir/another.tmp ). *

Modify our simple_ai_executor.py  script (or use gemini-cli  if you have it set

up) to handle a prompt like "Find and delete all temporary files (ending in .tmp or

starting with temp_) recursively." * Ensure your solution includes a confirmation

step before deletion!

Hint: * For identifying files, think about the find  command. * For deleting, rm  is

your friend, but be careful! find -delete  is often safer than piping to rm -f . *

If modifying simple_ai_executor.py , you'll need to expand the 

get_ai_suggested_command  function to recognize this new type of request.

What to Observe/Learn: * How an AI can translate a high-level cleanup request

into a precise, executable command. * The importance of specifying search

criteria clearly. * The critical role of user confirmation for destructive actions. *

The iterative process of refining AI prompts or agent logic to get the desired

command.

Common Pitfalls & Troubleshooting

Working with AI agents for terminal automation is powerful, but it comes with its

own set of challenges. Being aware of these can save you a lot of headaches.

Security Risks of Arbitrary Command Execution:

Pitfall: Allowing an AI agent to execute any generated command without

human oversight is a massive security vulnerability. A malicious prompt or

an AI hallucination could lead to data loss ( rm -rf / ), system compromise,

or unintended actions.

Troubleshooting/Best Practice:

Always implement a confirmation step: As shown in 

execute_command_safely , always ask the user "Are you sure?" before

executing potentially destructive commands.

Sandboxing: Run AI agents in isolated environments (e.g., Docker

containers, virtual machines) with limited permissions.

Whitelisting/Blacklisting: Implement rules to only allow specific

commands or prevent certain dangerous ones.

1. 

• 

• 

• 

• 

• 

AI VOID [https://aivoid.dev]

Beyond Chat: Automating Terminal Tasks with AI Agents 172



Least Privilege: Grant the AI agent only the minimum necessary

permissions to perform its tasks.

Over-complicating Agent Prompts or Task Definitions:

Pitfall: Trying to give the AI agent an overly complex, multi-step task in a

single prompt can lead to confusion, errors, or suboptimal command

generation.

Troubleshooting/Best Practice:

Break down complex tasks: Guide the AI through smaller, more

manageable steps. "First, find X. Then, process Y. Finally, do Z."

Be explicit and unambiguous: Use clear language, define terms, and

provide examples if possible.

Iterate: If the AI's first suggestion isn't right, refine your prompt rather than

expecting it to magically understand.

Neglecting Robust Error Handling and Logging:

Pitfall: In a terminal environment, AI agents might execute commands that

fail silently or produce unexpected output, making debugging extremely

difficult.

Troubleshooting/Best Practice:

Capture stderr  and exit codes: Always capture both standard output

and standard error, and check the command's exit code

( result.check_returncode()  in Python subprocess  or $?  in Bash).

Log everything: Keep detailed logs of AI prompts, generated commands,

command outputs, and any errors. This is invaluable for understanding why

an agent behaved a certain way.

Provide clear feedback: If a command fails, the AI agent should report the

error message back to the user in an understandable way.

Poor Terminal UX Design for AI Interactions:

Pitfall: A clunky, verbose, or non-interactive terminal experience can

quickly negate the benefits of AI automation. Users might get overwhelmed

or frustrated.

Troubleshooting/Best Practice:

Concise output: Don't flood the terminal with unnecessary information.

Summarize results.
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Interactive elements: Use prompts for confirmation, progress indicators,

and clear calls to action.

Contextual information: Display relevant context (e.g., current directory,

what the agent is currently doing) to keep the user informed.

Evolving UX patterns: Explore advanced terminal UI concepts like

"Accordion UIs" (where detailed information can be expanded/collapsed) or

dedicated panels for agent status, as seen in projects like cli-agent-

orchestrator .

Summary

Phew! You've just taken a significant leap forward in understanding how AI agents

can move beyond simple conversations to become active participants in your

terminal workflows.

Here are the key takeaways from this chapter:

Command Automation: AI agents can generate and execute shell

commands based on natural language prompts, enabling dynamic

automation.

Perceive-Reason-Act Cycle: Agents use an iterative loop of observing the

environment, reasoning about tasks, and taking action (executing

commands).

Shell Tool Integration: AI agents leverage existing Unix-like tools ( ls , 

grep , find , git , etc.) through pipes, redirects, and environment variables,

making them powerful orchestrators.

AI-Discoverable Skills: Mechanisms like SKILL.md  files allow agents to

dynamically learn about the capabilities of CLI tools, expanding their

functional toolbelt.

Practical Application: We saw how to simulate AI command generation

with Python and explored a real-world tool like gemini-cli  for AI-assisted

command suggestions.

Critical Considerations: Security, clear prompting, robust error handling,

and thoughtful terminal UX are paramount for effective and safe AI-driven

automation.

You're now equipped with a foundational understanding of how AI agents can

actively engage with your terminal environment, transforming how you interact

with your system. This opens up a world of possibilities for more intelligent
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scripting, automated development tasks, and a more intuitive command-line

experience.

What's Next? In the next chapter, we'll delve deeper into Scripting with AI:

Integrating Agents into Dynamic Workflows. We'll explore how to combine

the power of AI agents with traditional shell scripting to create truly intelligent

and adaptive automation solutions. Get ready to write some smart scripts!
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CHAPTER 15

Mastering CLI-First AI: Best
Practices, Security, and Future
Trends

Introduction: Beyond the Basics

Welcome to the final chapter of our journey into CLI-first AI systems! You've

learned how to integrate AI agents into your terminal, automate commands, and

enhance developer workflows. We've explored the power of making AI inherently

"CLI-native," not just accessible via a command line, but designed to interact

seamlessly with the shell environment.

As we move from experimentation to deploying and managing these powerful

agents in real-world scenarios, it becomes crucial to address the foundational

aspects that ensure their reliability, security, and ethical operation. In this

chapter, we'll delve into the best practices for building robust CLI-first AI systems,

explore the critical security considerations you must account for, and gaze into

the exciting, evolving future of AI in the terminal, including its ethical implications.

By the end of this chapter, you'll have a comprehensive understanding of how to

mature your CLI-first AI projects, making them not just functional, but also secure,

maintainable, and aligned with responsible AI development principles. Let's make

your AI agents truly masters of the command line!

Core Concepts: Building a Solid Foundation

Building effective CLI-first AI systems goes beyond just getting an agent to

execute a command. It requires thoughtful design, rigorous testing, and a

proactive approach to security. This section outlines key concepts to help you

achieve that.

2.1 Best Practices for Robust CLI-First AI

To ensure your AI agents are reliable, scalable, and easy to maintain, consider

these best practices:
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2.1.1 Modular Agent Design

Just like well-structured code, well-structured AI agents are easier to understand,

debug, and extend. Instead of one monolithic agent trying to do everything,

design your agents with clear, single responsibilities.

What it is: Breaking down complex tasks into smaller, independent agents

or components. For example, one agent for planning, another for execution,

and a third for reporting.

Why it's important:

Reduced Complexity: Easier to reason about each agent's behavior.

Improved Maintainability: Changes in one agent are less likely to break

others.

Enhanced Reusability: Individual agents or skills can be reused across

different workflows.

Parallelism: Different agents can work concurrently on sub-tasks.

How it functions: An orchestrator agent (which we'll discuss next) can

coordinate these specialized agents.

2.1.2 Comprehensive Testing and Validation

AI agents, especially those interacting with the terminal, can have significant side

effects. Rigorous testing is non-negotiable.

What it is: Implementing various levels of tests: unit tests for individual

agent components, integration tests for agent interactions, and end-to-end

tests for full workflows. This includes testing the agent's ability to correctly

parse prompts, generate commands, execute them, and interpret outputs.

Why it's important:

Reliability: Ensures agents perform as expected under various conditions.

Safety: Prevents unintended or destructive actions.

Regression Prevention: Catches errors when changes are made.

How it functions: Use standard testing frameworks (e.g., pytest  for

Python, mocha / jest  for Node.js) to assert expected behaviors. Consider

mock CLI environments for testing command execution without actual

system impact.
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2.1.3 Clear and Concise Task Definitions

The quality of your agent's output often depends on the clarity of its input.

What it is: Providing agents with explicit, unambiguous instructions for

their tasks. This includes well-defined prompts, clear goals, expected

outputs, and constraints.

Why it's important:

Accuracy: Reduces misinterpretations and leads to more precise agent

actions.

Predictability: Makes agent behavior more consistent and understandable.

Reduced Hallucinations: Less room for the agent to "invent" solutions or

misinterpret context.

How it functions: Craft detailed system prompts or task descriptions for

your agents. For example, instead of "fix the code," specify "refactor the 

calculate_total  function in cart.py  to use a generator expression for

item processing, ensuring all existing tests pass."

2.1.4 Hierarchical Agent Orchestration

For complex tasks, a single agent can become overwhelmed. Hierarchical

orchestration provides a structured way to manage multiple agents.

What it is: A system where a high-level "Orchestrator Agent" decomposes a

main goal into sub-tasks, delegates them to specialized "Worker Agents,"

and then synthesizes their results. Tools like AWS's cli-agent-

orchestrator  exemplify this approach.

Why it's important:

Scalability: Handles larger, more complex problems by distributing the

load.

Specialization: Allows each agent to excel at a specific domain.

Resilience: Failure in one worker agent might be isolated, not bringing

down the entire system.

How it functions: The orchestrator agent acts as the conductor, managing

the flow of tasks and information between different agents.

Let's visualize a typical hierarchical orchestration flow:
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User: Provides the initial goal.

Orchestrator Agent: Receives the goal, breaks it down, assigns parts to

other agents, and combines their findings.

Planning Agent: Focuses on strategizing how to achieve a sub-task.

Execution Agents (A, B, etc.): Perform the actual command-line

operations using specific CLI tools.

Reporting Agent: Structures and presents the final results back to the

user.

2.1.5 Robust Error Handling and Logging

When things go wrong (and they will!), you need to know why.

What it is: Implementing comprehensive error handling (e.g., try-except

blocks in Python, if ! command -v foo; then ...  in Bash) and detailed

logging for agent actions, decisions, and command outputs.

Why it's important:

Debugging: Essential for identifying the root cause of issues.

Monitoring: Provides insights into agent performance and behavior.

Auditing: Creates a trail of agent activities, crucial for security and

compliance.

How it functions: Log critical events, command invocations, their exit

codes, and standard output/error streams. Use structured logging (e.g.,

JSON) for easier analysis.

2.1.6 Intuitive Terminal User Experience (UX)

Even though AI is involved, the human user is still interacting with the terminal.

What it is: Designing agent interactions to be clear, responsive, and easy

to understand within the terminal environment. This includes clear prompts,

progress indicators, well-formatted output, and options for user intervention.
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Why it's important:

User Adoption: A frustrating UX will lead to agents being abandoned.

Efficiency: Reduces cognitive load and speeds up user workflows.

Trust: Transparent interactions build confidence in the agent's capabilities.

How it functions: Consider using libraries for rich terminal output (e.g., 

Rich  for Python), providing "Accordion UIs" (as mentioned in some AI UX

discussions) where details can be expanded/collapsed, and offering clear

confirmation steps for destructive actions.

2.1.7 AI-Discoverable Skill Definitions (e.g., SKILL.md)

This is a powerful concept for enabling agents to understand and use new tools

dynamically.

What it is: Providing structured metadata that describes a CLI tool's

capabilities, arguments, and expected outputs in a machine-readable

format. Projects like CLI-Anything  use SKILL.md  files for this purpose.

These files are typically markdown but contain specific YAML or JSON blocks

that AI models can parse.

Why it's important:

Dynamic Tool Use: Agents can "read" these definitions to understand how

to use unfamiliar CLI tools without explicit pre-training.

Extensibility: New tools can be integrated simply by adding their 

SKILL.md  file.

Interoperability: Standardizes how agent frameworks can interact with

diverse CLI utilities.

How it functions: The agent's reasoning engine parses the SKILL.md  file,

understands the tool's interface, and then generates commands based on

the current task and available tools.

2.2 Security Considerations for CLI-First AI

Granting AI agents access to your terminal and system commands introduces

significant security risks. It's paramount to design your systems with security at

the forefront.

2.2.1 Principle of Least Privilege

This is a fundamental security concept that applies directly to AI agents.

What it is: Granting an AI agent only the minimum necessary permissions

to perform its designated tasks, and nothing more.
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Why it's important:

Minimizes Blast Radius: If an agent is compromised or misbehaves, the

potential damage is limited.

Prevents Unauthorized Actions: Reduces the chance of an agent

accidentally or maliciously executing commands it shouldn't.

How it functions:

Use dedicated low-privilege users for running agents.

Restrict the set of commands an agent can execute (e.g., through

allow-lists or wrapper scripts).

Limit file system access to specific directories.

2.2.2 Input Validation and Sanitization

AI models can be susceptible to "prompt injection" or can generate malicious

inputs if not properly constrained.

What it is: Rigorously validating and sanitizing all inputs to the AI agent

and, crucially, all outputs (especially generated commands) from the AI

agent before execution.

Why it's important:

Prevents Command Injection: Stops an agent from generating or

executing unintended commands based on malicious prompts or internal

errors.

Data Integrity: Ensures that data processed by the agent is clean and safe.

How it functions: Implement checks for dangerous characters, keywords,

or command patterns in generated shell commands. For example, explicitly

disallow rm -rf , sudo , mv / , or network calls unless specifically

authorized.

2.2.3 Sandboxing and Isolation

Provide a safe, isolated environment for agents to operate.

What it is: Running AI agents within a confined environment that limits

their access to the host system. This can involve chroot , Docker

containers, virtual machines, or specialized execution environments.

Why it's important:

Containment: Even if an agent is compromised, the damage is isolated to

the sandbox.

Reproducibility: Ensures consistent execution environments.
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How it functions: For example, a Docker container can be configured with

specific resource limits and network access policies, ensuring the agent

cannot escape its confines.

2.2.4 Auditing and Logging

Beyond just debugging, logging is critical for security.

What it is: Maintaining detailed, immutable logs of all agent activities,

including prompts received, commands generated, commands executed,

their outputs, and any system changes.

Why it's important:

Forensics: Essential for investigating security incidents.

Compliance: Meets regulatory requirements for system activity tracking.

Accountability: Provides a clear record of what the agent did, when, and

why.

How it functions: Integrate with your organization's security information

and event management (SIEM) systems. Ensure logs are tamper-proof and

retained for an appropriate period.

2.2.5 Supply Chain Security

The tools and models you use for your AI agents can introduce vulnerabilities.

What it is: Ensuring that all components of your AI system—from the base

operating system to libraries, AI models, and custom scripts—are sourced

from trusted repositories, regularly scanned for vulnerabilities, and kept up-

to-date.

Why it's important:

Protects Against Malicious Dependencies: Prevents attackers from

injecting malicious code through compromised libraries or models.

Reduces Known Vulnerabilities: Addresses security flaws in third-party

components.

How it functions: Use dependency scanning tools, verify checksums of

downloaded packages, and maintain a software bill of materials (SBOM) for

your agent's dependencies.
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2.2.6 User Consent and Control

Humans should always be in the loop, especially for sensitive operations.

What it is: Implementing mechanisms for users to review and approve

potentially destructive or sensitive commands generated by an AI agent

before they are executed.

Why it's important:

Prevents Accidental Damage: Gives the user a chance to catch errors or

unintended actions.

Builds Trust: Users feel more in control and confident in the agent's

operation.

How it functions: Prompt the user with (y/N)  confirmation before

executing commands like rm , git push --force , or kubectl delete .

2.3 Future Trends and Ethical Implications

CLI-first AI is a rapidly evolving field. Let's briefly look at where it's headed and

the broader responsibilities we carry.

2.3.1 Proactive and Context-Aware Agents

Imagine agents that anticipate your needs.

What it is: Future agents won't just react to explicit commands but will

proactively suggest actions, automate routine tasks, or even initiate

workflows based on observed patterns, system state, or calendar events.

They'll have a deeper understanding of your project context, personal

preferences, and ongoing tasks.

Why it's important:

Hyper-Personalization: Tailors the terminal experience to individual users.

Increased Productivity: Automates more complex, multi-step tasks

without explicit prompting.

How it functions: These agents will leverage advanced machine learning

for predictive analysis, integrate with more system APIs, and maintain richer

internal states about user activities.

2.3.2 Advanced Human-AI Collaboration

The line between human and AI contributions will blur.

What it is: Beyond simple command execution, agents will engage in more

sophisticated dialogues, ask clarifying questions, suggest alternative

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

AI VOID [https://aivoid.dev]

Mastering CLI-First AI: Best Practices, Security, and Future Trends 183



approaches, and collaboratively debug issues with the user. They might

even co-edit shell scripts or configuration files in real-time.

Why it's important:

Enhanced Problem Solving: Combines human intuition with AI's analytical

power.

Knowledge Transfer: Agents can help users learn new CLI tools or best

practices.

How it functions: This will require more advanced natural language

understanding and generation, along with robust mechanisms for turn-

taking and shared context in terminal interactions.

2.3.3 Explainable AI (XAI) in the Terminal

Understanding why an agent made a decision is crucial for trust and debugging.

What it is: Developing AI agents that can explain their reasoning, the

commands they generated, and the potential impact of their actions in an

understandable way directly within the terminal.

Why it's important:

Trust and Transparency: Users need to understand and trust the AI's

logic.

Debugging: Helps developers understand why an agent misbehaved.

Accountability: Provides a basis for auditing and correcting agent behavior.

How it functions: Agents might output a concise summary of their thought

process, highlight key parts of their prompt or context that led to a decision,

or show a "confidence score" for their proposed actions.

2.3.4 Responsible AI and Governance

As AI becomes more pervasive, ethical considerations are paramount.

What it is: Implementing principles and practices to ensure AI agents are

developed and used responsibly. This includes addressing biases, ensuring

fairness, maintaining privacy, and adhering to legal and ethical guidelines.

Why it's important:

Societal Impact: Prevents harm and promotes equitable outcomes.

Public Trust: Essential for widespread adoption and acceptance of AI.

Legal Compliance: Navigating evolving regulations around AI use.

How it functions: This involves continuous monitoring for bias, data

privacy by design, clear human oversight mechanisms, and adherence to

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

AI VOID [https://aivoid.dev]

Mastering CLI-First AI: Best Practices, Security, and Future Trends 184



emerging AI ethics frameworks. For instance, ensuring agents don't

inadvertently expose sensitive information via ls  commands or grep

patterns.

Step-by-Step Implementation: Practical
Applications of Best Practices

While this chapter is highly conceptual, let's look at how some of these best

practices translate into practical, small code snippets or configurations. We won't

be building a full system, but rather illustrating key ideas.

3.1 Defining AI-Discoverable Skills with SKILL.md

Let's imagine you have a simple Python script, my_tool.py , that calculates the

square of a number. We want an AI agent to be able to discover and use this.

First, create a file named my_tool.py :

# my_tool.py
import argparse

def calculate_square(number):
"""Calculates the square of a given number."""
return number * number

if __name__ == "__main__":
parser = argparse.ArgumentParser(description="Calculate the square of a 

number.")
parser.add_argument("number", type=int, help="The number to square.")
args = parser.parse_args()
print(calculate_square(args.number))

This is a standard Python CLI tool. Now, to make it AI-discoverable, we create a 

SKILL.md  file in the same directory:

# SKILL.md for my_tool.py

## Tool Name: Square Calculator

This tool calculates the square of a given integer.

### Usage

```bash
python my_tool.py <number>
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Parameters

parameters:
- name: number

type: integer
description: The integer number to be squared.
required: true

Examples

Example 1:
Input: Calculate the square of 5.
Command: python my_tool.py 5
Output: 25

Example 2:
Input: What is 10 squared?
Command: python my_tool.py 10
Output: 100

Explanation: * The SKILL.md  file starts with human-readable descriptions. * The

parameters  YAML block is the machine-readable part. It tells an AI agent that

this tool requires one parameter named number , which must be an integer , and

provides a clear description. * The Examples  section helps the AI model

understand how to map natural language requests to actual command

invocations and what to expect as output.

An AI agent framework (like those in CLI-Anything  or similar projects) would

parse this SKILL.md  file. If a user then asks the agent, "What is the square of 7?",

the agent could consult its discovered skills, find "Square Calculator," see its

parameters, and generate the command python my_tool.py 7 .

3.2 Implementing Basic Logging for Agent Actions

Good logging is a cornerstone of both best practices and security. Here's a simple

example using Python's logging  module to track an agent's actions.
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# agent_logger.py
import logging
import datetime
import subprocess

# Configure logging
logging.basicConfig(

level=logging.INFO,
format='%(asctime)s - %(levelname)s - %(message)s',
handlers=[

logging.FileHandler("agent_activity.log"),
logging.StreamHandler() # Also print to console

]
)

def execute_command_safely(command_str):
"""

    Executes a shell command after logging and with basic error handling.
    In a real scenario, robust input validation would precede this.
    """

logging.info(f"Attempting to execute command: '{command_str}'")
try:

# In a real agent, you'd add prompt for user confirmation here for 
critical commands

# For demonstration, we'll execute directly
result = subprocess.run(

command_str,
shell=True,
capture_output=True,
text=True,
check=True # Raise an exception for non-zero exit codes

)
logging.info(f"Command executed successfully. Exit Code: {result.return

code}")
logging.debug(f"STDOUT: {result.stdout.strip()}")
if result.stderr:

logging.warning(f"STDERR: {result.stderr.strip()}")
return result.stdout.strip()

except subprocess.CalledProcessError as e:
logging.error(f"Command failed with exit code {e.returncode}. STDOUT: 

{e.stdout.strip()} STDERR: {e.stderr.strip()}")
return f"Error: Command failed - {e.stderr.strip()}"

except Exception as e:
logging.critical(f"An unexpected error occurred during command 

execution: {e}")
return f"Critical Error: {e}"

if __name__ == "__main__":
logging.info("Agent started.")

# Example 1: Successful command
output_ls = execute_command_safely("ls -l")
print(f"\nOutput of 'ls -l':\n{output_ls}")

# Example 2: Command with error
output_bad = execute_command_safely("nonexistent_command --foo")
print(f"\nOutput of 'nonexistent_command':\n{output_bad}")

# Example 3: Using a previously defined skill (conceptual)
# If the agent decided to use 'my_tool.py' based on a SKILL.md
output_square = execute_command_safely("python my_tool.py 7")
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print(f"\nOutput of 'python my_tool.py 7':\n{output_square}")

logging.info("Agent finished processing examples.")

Explanation: 1. We configure Python's logging  module to write to 

agent_activity.log  and the console. This ensures a persistent record. 2. The 

execute_command_safely  function: * Logs the command before execution

( logging.info ). * Uses subprocess.run  to execute the command. check=True

is vital as it raises CalledProcessError  on non-zero exit codes, allowing us to

catch command failures. * Logs success, warnings (for stderr ), and detailed

errors ( logging.error , logging.critical ). * Captures stdout  and stderr

for analysis.

Run this script, and then check the agent_activity.log  file. You'll see a

timestamped, detailed account of every command the agent attempted, its

outcome, and any errors. This log is invaluable for debugging and security

auditing.

Mini-Challenge: Design a Secure Skill Definition

You've seen how SKILL.md  can describe a tool's capabilities. Now, let's combine

that with security considerations.

Challenge: Imagine you have a CLI tool called cloud-backup  that can backup

and restore files from cloud storage. It has two subcommands: backup

<source_path> <destination_bucket>  and restore <source_bucket>

<destination_path> .

Your task is to: 1. Draft a SKILL.md  for this cloud-backup  tool, describing its

capabilities and parameters for both backup  and restore  subcommands. 2. 

Add a "Security Note" section within your SKILL.md  (or as a comment in the

YAML if you prefer) that explicitly advises an AI agent (or the system parsing the

skill) on a critical security best practice related to using this tool. Think about the

potential risks of backup  and restore  operations.

Hint: Consider the "Principle of Least Privilege" and "User Consent and Control."

What information should the agent not be allowed to backup, or what operations

should always require human confirmation?

What to observe/learn: This exercise helps you think about how to embed security

instructions directly into the tools agents use, making security an inherent part of

the agent's "understanding" of its environment.
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Common Pitfalls & Troubleshooting

Even with best practices, challenges arise. Here are some common pitfalls in CLI-

first AI systems:

Over-Complicating Agent Prompts or Task Definitions:

Pitfall: Providing overly verbose, ambiguous, or contradictory instructions

to an agent. This leads to unpredictable behavior, hallucinations, and

difficulty in debugging.

Troubleshooting: Simplify your prompts. Break down complex tasks into

smaller, sequential steps. Use clear, concise language and provide explicit

examples. Think about what a human would need to understand the task

without ambiguity.

Neglecting Robust Error Handling and Logging:

Pitfall: Agents silently failing or providing cryptic error messages in the

terminal, making it impossible to diagnose issues. This is especially

problematic in multi-agent systems where failures can cascade.

Troubleshooting: Implement comprehensive try-except  blocks or shell 

set -e  for scripts. Log everything: agent decisions, commands generated,

command outputs (stdout/stderr), and exit codes. Use different logging

levels ( INFO , WARNING , ERROR , CRITICAL ) to prioritize alerts.

Poor Terminal UX Design:

Pitfall: Agents that produce unformatted, overwhelming, or non-interactive

output, leading to user frustration and reduced adoption.

Troubleshooting: Focus on clear, concise, and structured output. Use

colors, progress bars, and "accordion" style interfaces (where details can be

expanded) to improve readability. Always provide confirmation prompts for

destructive actions. Consider libraries like Rich  (Python) for enhanced

terminal output.

Lack of Clear Boundaries or Roles for Agents:

Pitfall: In multi-agent systems, agents stepping on each other's toes,

performing redundant work, or conflicting due to ill-defined responsibilities.

This often happens when agents are not designed with modularity in mind.

Troubleshooting: Clearly define the scope and responsibility of each agent.

Implement an orchestrator to manage task distribution and conflict
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resolution. Ensure communication protocols between agents are explicit and

well-understood.

Underestimating Security Risks:

Pitfall: Granting agents broad permissions or failing to validate inputs/

outputs, leading to potential system compromise or data loss.

Troubleshooting: Always adhere to the Principle of Least Privilege.

Implement rigorous input/output validation. Run agents in sandboxed

environments (e.g., Docker containers). Require explicit user confirmation

for sensitive commands. Regularly audit agent logs for suspicious activity.

Summary: The Path Forward

Congratulations on completing this guide to CLI-first AI systems! You've come a

long way, from understanding the core paradigm to implementing agents,

orchestrating workflows, and now, mastering the best practices and critical

security considerations.

Here are the key takeaways from this chapter:

Best Practices are Paramount: Modular design, comprehensive testing,

clear task definitions, hierarchical orchestration, robust error handling,

intuitive UX, and AI-discoverable skills are crucial for reliable and scalable

CLI-first AI systems.

Security is Not Optional: The Principle of Least Privilege, rigorous input

validation, sandboxing, detailed auditing, supply chain security, and user

consent are non-negotiable for safe agent deployment.

The Future is Bright (and Responsible): Expect increasingly proactive,

context-aware, and collaborative AI agents in your terminal. As this field

evolves, embracing Responsible AI principles, including explainability and

ethical governance, will be vital.

The world of CLI-first AI is dynamic and full of potential. You now have the

knowledge and foundational understanding to not only build powerful terminal

agents but to do so responsibly and effectively. Keep experimenting, keep

learning, and keep pushing the boundaries of what's possible at the command

line. The terminal is your canvas, and AI is your newest, most powerful brush!
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CHAPTER 16

Talking to AI: Your First Steps
with a CLI Agent (e.g., Gemini
CLI)

Introduction

Welcome to Chapter 3! In our previous discussions, we explored the exciting

paradigm of CLI-first AI systems and understood the foundational concepts behind

AI agents operating in your terminal. Now, it's time to get hands-on and

experience this power for yourself!

In this chapter, we'll guide you through setting up and interacting with a real-

world CLI-first AI agent. We'll use gemini-cli  as our primary example, an open-

source tool that brings the capabilities of the Gemini AI model directly to your

command line. By the end of this chapter, you'll be able to ask your AI agent

questions, generate shell commands, and even execute them safely, all without

leaving your terminal. This is where your journey into integrating AI into your daily

command-line workflows truly begins!

To make the most of this chapter, you should have a basic understanding of using

your terminal, navigating file systems, and executing simple commands.

Familiarity with installing software via package managers (like npm  or pip ) will

also be helpful, though we'll walk through the process step-by-step.

Core Concepts

Before we dive into the terminal, let's briefly recap and solidify what a CLI-first AI

agent is and how we'll be interacting with it.

What is a CLI-First AI Agent?

Think of a CLI-first AI agent as a super-smart assistant that lives entirely within

your terminal. Unlike web-based AI interfaces or IDE plugins, these agents are

designed from the ground up to understand, generate, and interact with

command-line instructions. Their primary language is your shell, enabling them to

seamlessly integrate into existing scripts, pipelines, and developer workflows.

The key here is CLI-first. This means the AI isn't just accessible via the CLI; its core

design principles prioritize terminal interaction, often focusing on generating
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precise commands, parsing shell output, and automating tasks that traditionally

require manual scripting.

Why gemini-cli?

For our first practical steps, we'll focus on gemini-cli . Why this particular tool?

Accessibility: It's an open-source project, making it easy to install and

inspect.

Direct AI Integration: It directly interfaces with Google's Gemini AI model,

providing powerful language understanding and generation capabilities.

CLI-First Design: It exemplifies the principles we've discussed, allowing

you to query the AI, generate commands, and even execute them directly

from your shell.

Learning Curve: It's straightforward enough for beginners to grasp the

core concepts of interacting with a CLI agent.

Remember, gemini-cli  is just one example. The principles you learn here apply

broadly to other CLI-first AI tools and frameworks.

The AI Interaction Loop in the Terminal

When you interact with a CLI-first AI agent, you're entering a continuous loop of

communication. It typically looks something like this:

• 

• 

• 

• 
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You Provide a Prompt: You type a natural language request into your

terminal, asking the AI agent for help.

CLI Agent Intercepts: The gemini-cli  tool (or similar) captures your

prompt.

AI Model Processes: The agent sends your prompt to the underlying AI

model (e.g., Google Gemini). The model interprets your request, generates a

response, which could be an explanation, a piece of code, or a specific shell

command.

CLI Agent Presents: The agent displays the AI's response in your terminal.

If it's a command, it might offer to execute it for you.

1. 

2. 

3. 

4. 
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You Decide: This is a crucial step! You review the AI's suggestion. Do you

want to execute the command? Do you need to refine your prompt? Or is it

not what you're looking for?

Execute (Optional): If you approve a generated command, the CLI agent

can often execute it directly within your shell.

Feedback Loop: The output of the executed command (or the AI's

response) provides new context, potentially leading to further interaction

with the AI.

This loop emphasizes safety and user control. The AI suggests, but you are always

in charge of what gets executed in your terminal.

Step-by-Step Implementation: Getting Started with 
gemini-cli

Let's get our hands dirty and set up gemini-cli .

1. Prerequisites Check

Before installing gemini-cli , let's ensure you have the necessary tools installed

and up-to-date.

Git: Essential for cloning repositories and managing code.

How to check: Open your terminal and type git --version .

Expected (as of 2026-03-20): You should see something like 

git version 2.45.0  or higher.

If not installed: Follow instructions on the official Git website.

Node.js & npm (Node Package Manager): gemini-cli  is an npm

package, so Node.js and its package manager are required.

How to check: Open your terminal and type node -v  and npm -v .

Expected (as of 2026-03-20): Node.js LTS version v22.x.x  and npm

10.x.x  or higher.

If not installed or outdated: Visit the official Node.js website to download

the latest LTS version. Using a version manager like nvm  (Node Version

Manager) is highly recommended for easy switching between Node.js

versions.

```bash
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Check Node.js version
node -v

Check npm version
npm -v ```

Self-Correction Question: Are your Node.js and npm versions recent? If

not, take a moment to update them to prevent potential compatibility

issues.

2. Installing gemini-cli

Once your prerequisites are in order, installing gemini-cli  is a breeze using 

npm .

The -g  flag (global) installs the package so it's available as a command from any

directory in your terminal.

# Install gemini-cli globally
npm install -g gemini-cli@latest

What's happening here? * npm install : This is the command to install

Node.js packages. * -g : This flag tells npm  to install the package globally, making

the gemini-cli  command available throughout your system. * gemini-

cli@latest : Specifies the package name and requests the most recent stable

version.

After installation, you should be able to verify it by checking its version:

# Verify installation
gemini-cli --version

You should see an output similar to 0.2.0  or a newer version number, indicating

successful installation.

3. Configuring Your AI Agent: The API Key

To use gemini-cli , it needs to communicate with the Google Gemini AI model.

This requires an API key for authentication.

Step 3.1: Obtain a Google Gemini API Key

Go to the Google AI Studio website.1. 

AI VOID [https://aivoid.dev]

Check Node.js version 196

https://makersuite.google.com/app/apikey


Log in with your Google account.

If you haven't already, create a new API key. You'll see a string of characters

(e.g., AIzaSyC... ).

Crucially, copy this API key and keep it secure. Treat it like a password;

do not share it publicly or commit it directly to your code repositories.

Step 3.2: Configure gemini-cli  with Your API Key

Now, let's tell gemini-cli  where to find your API key.

# Start the configuration process
gemini-cli configure

The configure  command will prompt you for your API key:

? Enter your Google Gemini API Key:

Paste your API key here and press Enter .

Why is this important? This step securely stores your API key (usually in a

configuration file in your home directory, like ~/.config/gemini-cli/

config.json ). The gemini-cli  tool will then use this key to authenticate your

requests to the Google Gemini service. Without it, the AI won't be able to process

your prompts.

4. Your First AI Conversation

You're all set! Let's have our first chat with the AI agent.

To ask a question, simply type gemini-cli  followed by your prompt in quotes:

# Ask a simple question
gemini-cli "What is the capital of France?"

The AI agent will send your question to the Gemini model, and after a brief

moment, you should see a response like this:

Paris is the capital of France.

How cool is that? You just interacted with a powerful AI model directly from your

terminal!

Try another one:

2. 

3. 

4. 
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gemini-cli "Explain the concept of 'piping' in shell scripting in one 
sentence."

You might get a response similar to:

Piping in shell scripting connects the standard output of one command to the 
standard input of another, enabling data to flow sequentially between them.

Notice how the AI understands the context and provides a concise, relevant

answer. This is the power of a language model at your fingertips!

5. Asking for Code and Commands

Where CLI-first AI agents truly shine is in their ability to generate shell commands

and code snippets. Let's ask gemini-cli  to help us with a common task.

Suppose you want to list all Python files in your current directory and its

subdirectories. You might remember find  and grep , but struggle with the exact

syntax.

# Ask for a command to find Python files
gemini-cli
"How do I list all Python files recursively in the current directory and sort 
them by modification date?"

The AI might respond with a command like this:

find . -name "*.py" -print0 | xargs -0 stat -c '%Y %n' | sort -nr | awk
'{print $2}'

Explanation of the AI's suggested command: * find . -name "*.py"

-print0 : This part searches the current directory ( . ) and its subdirectories for

files ending with .py  (Python files). -print0  is crucial for handling filenames

with spaces or special characters safely by separating them with a null character.

* xargs -0 stat -c '%Y %n' : xargs -0  reads the null-separated filenames. 

stat -c '%Y %n'  then gets the last modification time ( %Y ) and the filename

( %n ) for each file. * sort -nr : Sorts the output numerically ( -n ) in reverse order

( -r ), effectively sorting by modification date from newest to oldest. * awk

'{print $2}' : Finally, awk  is used to print only the second column, which is the

filename, discarding the timestamp used for sorting.

This is a powerful and somewhat complex command, demonstrating the AI's

ability to construct sophisticated solutions.
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6. Executing with AI Approval (gemini-cli exec)

Now for the exciting part: executing the AI-generated command! gemini-cli

provides an exec  command that allows you to review a suggested command

before it's run. This is a critical safety feature.

Let's use the previous example. Instead of just asking for the command, we'll tell 

gemini-cli  to execute the command it generates.

# Ask to execute a command to list recent Python files
gemini-cli exec "List all Python files in the current directory and 
subdirectories, sorted by modification date, newest first."

The agent will first propose a command (similar to the one above) and then ask

for your confirmation:

The AI suggests the following command:
find . -name "*.py" -print0 | xargs -0 stat -c '%Y %n' | sort -nr | awk '{print 
$2}'

? Execute this command? (Y/n)

What's happening here? * gemini-cli exec : This tells the agent to not just 

tell you the command, but to propose it for execution.

Safety First: The agent always asks for your explicit Y  (yes) before running

anything. This prevents accidental execution of potentially harmful or

unintended commands.

User Control: You retain full control. You can inspect the command,

understand what it does, and only then approve its execution. If you're

unsure, you can press n , modify your prompt, or research the command

further.

If you press Y  and Enter , the command will execute, and you'll see the list of

Python files in your terminal.

This exec  capability is a cornerstone of CLI-first AI systems, allowing for powerful

automation while keeping the human in the loop for critical decisions.

Mini-Challenge: Automate a Common Task

Now it's your turn to practice!

• 

• 
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Challenge: You want to quickly find all .txt  files in your current directory and

any subdirectories that contain the word "report" (case-insensitive). Then, you

want to count how many such files exist. Use gemini-cli exec  to achieve this.

Steps to follow:

Think about how you would phrase this request to gemini-cli .

Use gemini-cli exec  with your prompt.

Carefully review the suggested command. Does it make sense?

If you're confident, approve its execution.

Hint: You'll likely need to combine find , grep , and wc -l . Don't worry if the

AI's command looks complex; the goal is to understand the interaction and the 

safety of exec .

What to observe/learn: * How accurately does the AI interpret your natural

language request into a shell command? * How does the exec  command provide

a crucial layer of safety before automation? * Can you understand the individual

components of the AI-generated command, even if you didn't write it yourself?

Common Pitfalls & Troubleshooting

As you embark on your journey with CLI-first AI agents, you might encounter a

few bumps. Here are some common pitfalls and how to navigate them:

"API Key Not Found" or Authentication Errors:

Pitfall: Forgetting to run gemini-cli configure  or entering an incorrect/

expired API key.

Troubleshooting: * Double-check that you copied the entire API key from

Google AI Studio. * Re-run gemini-cli configure  and carefully paste your

key. * Ensure your internet connection is stable, as the agent needs to reach

Google's servers. * Verify your API key is still active on the Google AI Studio

page.

command not found: gemini-cli :

Pitfall: gemini-cli  was not installed globally or npm 's global bin directory

isn't in your system's PATH .

Troubleshooting: * Run npm install -g gemini-cli@latest  again to

ensure it completes without errors. * Check your PATH  environment

variable. On Linux/macOS, echo $PATH  should show a path like /usr/

1. 

2. 

3. 

4. 

1. 
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local/bin  or ~/.npm-global/bin . If not, you might need to add npm 's

global bin directory to your PATH  in your shell's configuration file (e.g.,

.bashrc , .zshrc ). * Restart your terminal after installation or PATH

changes.

Misunderstanding gemini-cli exec  or Accidental Execution:

Pitfall: Not carefully reviewing the command proposed by exec  before

typing Y  and pressing Enter , leading to unintended actions.

Troubleshooting: * Always read the proposed command carefully. If

you don't understand it, say n  (no) to execution. * You can then run 

gemini-cli "Explain this command: [paste command here]"  to get a

breakdown, or search for its components online (e.g., man find , man

grep ). * Start with simple, non-destructive commands when using exec  to

build confidence. Avoid rm -rf  until you're very, very comfortable!

AI Provides Irrelevant or Incorrect Commands:

Pitfall: The AI, while powerful, isn't perfect. It might misinterpret your

prompt or generate a command that doesn't quite fit your environment or

specific need.

Troubleshooting:

Refine your prompt: Be more specific. Add context. For example, instead

of "delete files," try "delete all files in the 'temp' directory older than 30

days."

Break down complex requests: If a task is very intricate, break it into

smaller, manageable steps and ask the AI for each part.

Provide examples: Sometimes, showing the AI an example of what you

want can help.

Remember, the AI is a tool to assist, not replace, your understanding. Always

apply critical thinking and verify its suggestions, especially when using exec .

Summary

Congratulations! You've just taken your first concrete steps into the world of CLI-

first AI systems.

Here's a quick recap of what we covered:

Understanding CLI-First AI Agents: These agents are purpose-built for

terminal interaction, focusing on command generation and automation.

1. 
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Setting Up gemini-cli : You learned how to install gemini-cli  globally

using npm  and configure it with your Google Gemini API key.

Interacting with AI: You successfully queried the AI agent directly from

your terminal for explanations and information.

Generating and Executing Commands: You discovered how gemini-cli

can generate shell commands and, critically, how to use gemini-cli exec

for safe, human-approved command execution.

Prioritizing Safety: The exec  command's confirmation step is a vital best

practice, ensuring you always review and understand what an AI agent

proposes to run on your system.

You now have a foundational understanding and practical experience with a CLI-

first AI agent. In the next chapter, we'll delve deeper into integrating these agents

into more complex developer workflows, exploring how they can enhance your

scripting and automation efforts. Get ready to unlock even more potential!

References

Google Gemini CLI GitHub Repository

Google AI Studio - Get an API Key

Node.js Official Website

Git Official Website

This page is AI-assisted and reviewed. It references official documentation and

recognized resources where relevant.
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CHAPTER 17

Seamless Integration: AI Agents
and Your Existing Shell Tools

Seamless Integration: AI Agents and Your Existing
Shell Tools

Welcome back, fellow terminal wizard! In our previous chapters, we laid the

groundwork for understanding what CLI-first AI systems are and how AI agents

can operate within your terminal. We explored the core concepts of autonomous

entities designed for command-line interaction and even touched upon how they

can generate dynamic commands.

Now, it's time to unlock a superpower: making these intelligent agents work

harmoniously with the robust, battle-tested shell tools you already know and love.

Think grep , awk , sed , jq , curl , git , kubectl , and countless others. These

tools are the backbone of efficient terminal workflows, and by integrating AI

agents, we can elevate their capabilities to new heights, transforming simple

scripts into intelligent decision-makers.

In this chapter, we'll dive deep into how AI agents can leverage the fundamental

mechanisms of the shell – pipes, redirects, and environment variables – to create

incredibly powerful and automated workflows. We'll also explore the crucial

concept of "AI-discoverable skills," which allows agents to intelligently understand

and utilize your existing toolset without needing to be explicitly programmed for

every single utility. Get ready to transform your command line into an even

smarter, more automated workspace!

Core Concepts: AI Agents and Your Shell's
Ecosystem

The true magic of CLI-first AI agents isn't just their ability to generate commands,

but their capacity to orchestrate them. This means an AI agent can act like a

highly skilled shell script, dynamically choosing and chaining together existing

utilities to achieve complex goals. It's like having a super-smart assistant who

knows exactly which tool to grab from the toolbox for any given task.

How do they do this? Let's break down the core mechanisms that enable this

seamless interaction.
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The Power of Pipes (|) and Redirects (<, >, >>)

Your shell's piping and redirection capabilities are the circulatory system of data

flow. They allow you to chain commands together, making the output of one

command the input of another, or to save/load data from files. AI agents can

exploit this in incredibly powerful ways.

Pipes ( | ): Imagine an AI agent tasked with analyzing log files. Instead of

writing complex parsing logic itself, it could first use grep  to filter for

specific error patterns, then pipe that output to awk  to extract relevant

fields, and finally feed that data to a custom Python script for deeper, more

nuanced analysis. The AI agent intelligently decides the optimal sequence

and parameters for each step, just as a human expert would.

Redirects ( > , >> , < ): Agents can save the results of a command to a new

file ( > ), append to an existing file ( >> ), or read input from a file ( < ). This is

essential for managing persistent state, processing large datasets that don't

fit in memory, or feeding pre-computed information back into a multi-step

workflow.

Why is this so important? It means AI agents don't need to reinvent the wheel for

every task. They can leverage the highly optimized, single-purpose tools that

already excel at specific jobs, acting as the intelligent glue that binds them

together. This "composition over creation" approach makes agents robust,

efficient, and highly adaptable.

Environment Variables: Sharing Context Dynamically

Environment variables are key-value pairs that provide configuration and context

to processes running in the shell. They are a fundamental way for programs to

receive information about their operating environment. An AI agent can leverage

these in two primary ways:

Reading Environment Variables: An agent can access configuration

details like API keys ( $OPENAI_API_KEY ), crucial paths ( $PATH , $HOME ), or

user preferences ( $EDITOR ). This allows the agent to adapt its behavior

based on the current environment, making it more flexible without

hardcoding values.

Setting Environment Variables: Before executing a command, an agent

might temporarily set an environment variable to pass specific data or flags

to that command. For example, setting DEBUG=true  for a diagnostic run, or 

KUBECONFIG=/path/to/config  when interacting with Kubernetes tools.

• 

• 

• 

• 
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This mechanism allows for flexible, dynamic configuration and communication

between the AI agent and the commands it invokes, enabling context-aware

execution.

Executing External Commands: The Agent's Hands

At the very core of an AI agent's interaction with shell tools is its ability to execute

any command. In Python, a common language for building agents, this is typically

done using the built-in subprocess  module.

The subprocess  module is your agent's gateway to the shell. It allows you to: *

Run external programs and commands just as if you typed them in the terminal. *

Capture their standard output (stdout) and standard error (stderr) streams, so the

agent can "read" the results. * Provide input (stdin) to these commands,

simulating a pipe or manual input. * Check their exit codes to determine if the

command succeeded or failed, which is crucial for robust error handling.

By using subprocess , an AI agent can effectively "type" commands into the

terminal and observe the results, just like a human user or a sophisticated shell

script.

AI-Discoverable Skills (SKILL.md and Beyond)

How does an AI agent know which shell tools are available and, more importantly,

how to use them effectively? This is where the concept of "AI-discoverable skills"

comes into play. It's a structured way to expose the capabilities of your CLI tools

to an AI.

Imagine a simple, human-readable yet machine-interpretable text file, often

named SKILL.md  (as seen in projects like CLI-Anything ), located alongside

your CLI tool's executable. This file isn't just for humans to read the tool's

documentation; it's a structured description designed specifically for an AI. It

might contain:

Tool Name: jq

Purpose: "A lightweight and flexible command-line JSON processor."

Common Use Cases: "Filtering JSON objects, extracting specific values,

transforming data structures."

Example Usage: jq '.[] | select(.status == "active")' data.json

Parameters: A description of common flags, arguments, and their expected

types or values.
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When an AI agent needs to perform a task (e.g., "find active users in a JSON file"),

it can "read" these SKILL.md  files (or similar structured metadata like OpenAPI

specifications for REST APIs, which can be adapted for CLIs). The agent's

underlying Large Language Model (LLM) can then reason about which tool is

appropriate for the task, understand its capabilities from the SKILL.md

description, and intelligently construct the correct command using the provided

examples and parameter definitions.

This paradigm is crucial for allowing agents to autonomously discover and utilize

your existing toolkit, making them truly extensible, adaptable, and powerful.

Figure 5.1: AI Agent Discovering and Utilizing a Shell Tool
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The "Agent as a Tool" vs. "Agent Orchestrating Tools" Mindset

It's important to differentiate between two scenarios when thinking about AI and

your CLI:

Using an AI as a CLI Tool: In this scenario, you directly interact with the AI

through its own command-line interface. Tools like gemini-cli  or aspect-

cli  fall into this category. The AI itself is the primary tool you're running,

and it provides a direct interface for AI capabilities.

An AI Agent Orchestrating Other CLI Tools: This is what we're focusing

on in this chapter. Here, the AI agent (which might be a Python script, a

Node.js process, or part of a larger framework) uses other, existing CLI tools

( grep , jq , git , kubectl , etc.) to accomplish its goals. The agent is the

intelligent conductor, and your existing tools are the orchestra. It decides 

which instruments to play and when.

Both approaches are valuable depending on the use case. However, the second

one unlocks a much deeper level of automation and integration with your existing

infrastructure, allowing AI to enhance rather than replace your tried-and-true shell

utilities.

Step-by-Step Implementation: An AI-Enhanced Data
Transformation Workflow

Let's put these concepts into practice. We'll build a simple Python script that 

simulates an AI agent's decision-making process. This "agent" will take raw JSON

data, use jq  to filter it, then grep  to further refine the results, and finally jq

again to extract specific fields – all by programmatically executing standard shell

commands.

First, ensure you have jq  installed. jq  is a powerful tool for processing JSON

from the command line. As of 2026-03-20, jq  is a stable and widely used utility.

On most Linux distributions (e.g., Ubuntu, Fedora), you can install it via your

package manager: sudo apt install jq  or sudo dnf install jq . On macOS,

use Homebrew: brew install jq .

Step 1: Prepare Our Data

Let's create a sample users.json  file that our agent will process. This file

contains a list of user objects with various attributes.

1. 

2. 
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// users.json
[

{"id": 1, "name": "Alice", "status": "active", "city": "New York", "role":
"developer"},

{"id": 2, "name": "Bob", "status": "inactive", "city": "London", "role": "d
esigner"},

{"id": 3, "name": "Charlie", "status": "active", "city": "Paris", "role": "
developer"},

{"id": 4, "name": "David", "status": "active", "city": "New York", "role":
"manager"},

{"id": 5, "name": "Eve", "status": "active", "city": "London", "role": "dev
eloper"}
]

Save this content as users.json  in your working directory. This will be the input

for our simulated AI agent.

Step 2: The Agent's First Command - Filtering with jq

Our simulated AI agent's first task is to find all "active" users from the 

users.json  file. Based on its "knowledge" (or SKILL.md  for jq ), it "decides" to

use jq  for this filtering.

Create a new Python file named ai_data_agent.py .
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# ai_data_agent.py
import subprocess
import json
import os

print("AI Agent: Initiating data processing workflow...")

# Simulate the agent reading the data file
try:

with open('users.json', 'r') as f:
json_data = f.read()

print("AI Agent: Successfully loaded users.json.")
except FileNotFoundError:

print("Error: users.json not found. Please create the file as instructed.")
exit(1)

# AI Agent's decision: Use jq to filter for active users
# It constructs the jq command based on its goal
jq_command_part1 = '.[] | select(.status == "active")'
print(f"\nAI Agent: Decided to use 'jq' to filter for active users.")
print(f"AI Agent: Executing command: jq '{jq_command_part1}'")

try:
# Execute the jq command
# We provide the entire JSON data as standard input to jq
jq_process = subprocess.run(

['jq', jq_command_part1],
input=json_data, # Provide JSON data as standard input to jq
capture_output=True, # Capture stdout and stderr from jq
text=True, # Decode stdout/stderr as text (UTF-8 by 

default)
check=True

# Raise CalledProcessError if jq exits with a non-zero code
)
active_users_output = jq_process.stdout
print("\nAI Agent: jq command executed successfully. Here are the active 

users:")
print(active_users_output)

except subprocess.CalledProcessError as e:
print(f"AI Agent: Error executing jq command: {e}")
print(f"Stderr: {e.stderr}")

except FileNotFoundError:
print("AI Agent: Error: 'jq' command not found. Please ensure 'jq' is 

installed and in your system's PATH.")
exit(1)

print("\nAI Agent: First stage of processing complete.")

Explanation: * import subprocess : This is Python's go-to module for running

external commands. It's the core of how our agent interacts with the shell. * 

subprocess.run() : This function executes the command. * The first argument is

a list of strings: ['jq', jq_command_part1] . This is the safest and

recommended way to pass commands and arguments, as subprocess  handles

quoting correctly, mitigating shell injection risks. * input=json_data : We're

feeding our json_data  string directly to jq 's standard input. This simulates the
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shell pipe: echo "$json_data" | jq ... . * capture_output=True : This tells

Python to capture jq 's standard output and error streams, so our agent can

"read" what jq  produced. * text=True : This decodes the captured output as

strings using the default encoding (usually UTF-8), making it easy to work with in

Python. * check=True : This is crucial for robust agents! If jq  exits with an error

(e.g., malformed JSON, invalid query), Python will raise a CalledProcessError ,

allowing our agent to handle failures gracefully instead of silently proceeding with

bad data. * active_users_output = jq_process.stdout : If the jq  command is

successful, its standard output (the filtered JSON) is stored in this variable.

Run this script from your terminal: python ai_data_agent.py . You should see

the active users from your users.json  file printed to the console. Notice how the

agent's messages guide you through its "thought process."

Step 3: The Agent Chains Commands - Further Filtering with 
grep

Now, let's say our AI agent decides it needs to find "active users" specifically from

"New York". It already has the list of active users from the previous step. It can

now pipe this output to grep  to filter for "New York".

Let's modify ai_data_agent.py  to add this next step. We'll append this code to

the existing file.
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# ai_data_agent.py (append this to the previous code)

# ... (previous code for jq execution) ...

print("\nAI Agent: Now refining results - finding active users from 'New 
York'.")
grep_command_arg = 'New York' # We're looking for the string "New York" in the 
JSON objects
print(f"AI Agent: Piping output to 'grep'. Executing command: grep '{grep_comma
nd_arg}'")

try:
# Execute the grep command, using the output of the *previous* jq command 

as its input
grep_process = subprocess.run(

['grep', grep_command_arg],
input=active_users_output, # Input from the *previous* jq command's 

stdout
capture_output=True,
text=True,
check=True

)
new_york_active_users_output = grep_process.stdout
print("\nAI Agent: grep command executed successfully. Active users from 

New York:")
print(new_york_active_users_output)

except subprocess.CalledProcessError as e:
print(f"AI Agent: Error executing grep command: {e}")
print(f"Stderr: {e.stderr}")

except FileNotFoundError:
print("AI Agent: Error: 'grep' command not found. Please ensure 'grep' is 

installed and in your system's PATH.")
exit(1)

print("\nAI Agent: Second stage of processing complete.")

Explanation: * input=active_users_output : This is the key to chaining! The 

stdout  from our first jq  command is now fed directly as stdin  to the grep

command. This perfectly simulates the shell pipe |  in a programmatic way. * The

agent effectively constructed and executed the equivalent of jq '.[] |

select(.status == "active")' users.json | grep 'New York'

Run the updated script: python ai_data_agent.py . You should now see only the

active users who are also from "New York" printed to the console.

Step 4: Extracting Specific Fields and Saving to a File

Finally, let's say the AI agent decides that for these filtered users, it only needs

their name  and role , and wants to save this refined, minimal data to a new file

for further use.

Append this final step to ai_data_agent.py .
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# ai_data_agent.py (append this to the previous code)

# ... (previous code for grep execution) ...

print("\nAI Agent: Extracting names and roles, then saving to a file.")
jq_extract_command = '.[] | {name, role}' # Extract only the 'name' and 'role' 
fields from each object
output_filename = 'new_york_developers.json'

print(f"AI Agent: Executing command: jq '{jq_extract_command}'")
print(f"AI Agent: Saving output to: {output_filename}")

try:
# Execute jq to extract specific fields
jq_extract_process = subprocess.run(

['jq', jq_extract_command],
input=new_york_active_users_output,

# Input is the output from the grep command
capture_output=True,
text=True,
check=True

)
final_extracted_data = jq_extract_process.stdout

# AI Agent writes the final data to a file, simulating a shell redirection 
(>)

with open(output_filename, 'w') as outfile:
outfile.write(final_extracted_data)

print(f"\nAI Agent: Successfully extracted data and saved to {output_filena
me}.")

print("AI Agent: Final extracted data:")
print(final_extracted_data)

except subprocess.CalledProcessError as e:
print(f"AI Agent: Error during final jq extraction: {e}")
print(f"Stderr: {e.stderr}")

except Exception as e:
print(f"AI Agent: An unexpected error occurred: {e}")

print("\nAI Agent: Workflow complete. Check 'new_york_developers.json' for 
results.")

Explanation: * input=new_york_active_users_output : The output from the 

grep  command (which was already filtered by the first jq ) is now fed into this

final jq  command. This demonstrates a multi-stage pipeline where the output of

one tool becomes the input of the next. * with open(output_filename, 'w')

as outfile: outfile.write(final_extracted_data) : This code

programmatically simulates the shell redirection > . The agent takes the final

processed output and saves it to a specified file.

Run the complete ai_data_agent.py  again. You'll now find a new file, 

new_york_developers.json , in your working directory. Open it up! It should

contain only the names and roles of active users from "New York".
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This step-by-step process clearly illustrates how an AI agent, through its Python

code, can dynamically construct and execute a series of standard shell

commands. By understanding how to manage input, output, and error handling,

an agent can effectively orchestrate a complex data transformation pipeline using

the tools already at your fingertips.

Mini-Challenge: Extend the Agent's Skillset

You've seen how our agent can filter and extract. Now, let's add another common

shell utility to its repertoire to further refine the data.

Challenge: Modify the ai_data_agent.py  script to add a step after extracting

the name  and role  (but before saving to new_york_developers.json ). The

agent should sort the final list of users alphabetically by name .

Hint: * Think about which standard shell command is used for sorting lines of

text. (It's a very common one!) * You'll need to feed the final_extracted_data

(which is still a string containing JSON objects, one per line) into this new sorting

command. * The chosen sort  command can take input from stdin  and output

to stdout , just like jq  and grep  did. You might need a specific flag for sorting

JSON lines correctly, or you can just sort them as text lines. For simplicity, sorting

as text lines is acceptable for this challenge.

What to observe/learn: How easily you can introduce new shell tools into an

agent's workflow by understanding their input/output behavior and using 

subprocess.run() . This is a core tenet of building adaptable AI agents: they

don't need to know how to sort, just that sort  exists and how to invoke it.

Common Pitfalls & Troubleshooting

Integrating AI agents with shell tools is incredibly powerful, but it comes with its

own set of challenges. Being aware of these common pitfalls can save you hours

of debugging!

Shell Injection Risks (The Big One!):

Pitfall: If your AI agent constructs shell commands using arbitrary,

untrusted user input or LLM-generated strings and then executes them

directly with shell=True  in subprocess.run() , it can be vulnerable to

shell injection attacks. An attacker could craft input that executes malicious

commands on your system.

1. 
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Troubleshooting: Always prefer passing commands as a list of

arguments (e.g., ['command', 'arg1', 'arg2'] ) to subprocess.run() ,

as we did in our examples. This avoids the shell parsing the arguments,

mitigating many injection risks. Only use shell=True  when absolutely

necessary (e.g., if you need shell features like globbing or environment

variable expansion that the agent itself cannot replicate) and with extreme

caution, ensuring all user/LLM input is rigorously sanitized or escaped. For

more details, consult the Python subprocess  documentation.

Command Not Found (PATH Issues):

Pitfall: Your agent tries to execute jq  or grep , but the Python script or the

underlying shell reports a "command not found" error. This usually means

the command's executable directory isn't in the PATH  environment variable

of the process running your agent.

Troubleshooting: * First, verify the command is indeed installed and

executable in your terminal ( which jq , which grep ). * Check the PATH

variable within the environment where your Python script is running (you

can add print(os.environ.get('PATH'))  to your script). * If running

inside a container, virtual environment, or specific execution environment,

ensure the necessary binaries are installed and their paths are correctly

configured or explicitly included in the PATH .

Output Parsing Errors:

Pitfall: An AI agent expects a certain format from a shell tool's output (e.g.,

valid JSON), but the tool produces a different format (e.g., plain text, an error

message, or malformed JSON), causing the agent's subsequent processing

logic to fail (e.g., a json.JSONDecodeError ).

Troubleshooting: * During development, thoroughly inspect the 

stdout  and stderr  of your subprocess.run()  calls. Print them out to

see exactly what the external command produced. * Always use 

check=True  to catch non-zero exit codes, which often indicate an error. *

Implement robust parsing logic in your agent (e.g., try-except

json.JSONDecodeError  if expecting JSON, or regular expressions for

structured text). * If using an LLM to generate commands, provide clearer
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instructions or examples about expected output formats to guide its

generation.

Permissions Problems:

Pitfall: The AI agent attempts to read a file, write to a directory, or execute

a command for which the user running the agent script lacks the necessary

file system or execution permissions.

Troubleshooting: * Check file and directory permissions ( ls -l

<file_or_dir> ). * Ensure the user running the AI agent script has the

appropriate read, write, or execute permissions. * Be extremely mindful of 

sudo  – an AI agent should rarely (if ever) execute sudo  commands directly

without explicit, secure human oversight. Granting an autonomous agent

root privileges is a significant security risk.

Summary

Phew! You've just taken a significant leap in understanding how AI agents can

become powerful allies in your terminal. Here are the key takeaways from this

chapter:

Leverage Existing Tools: CLI-first AI agents excel at orchestrating existing,

specialized shell utilities like jq , grep , awk , and git , rather than trying to

reinvent their functionality.

Pipes and Redirects are Key: Agents use Python's subprocess  module

to simulate shell pipes ( | ) by feeding the stdout  of one command as the 

stdin  of another, and to handle file redirects ( > , < ) for input and output.

Environment Variables for Context: Agents can read and set

environment variables to adapt to their surroundings and pass configuration

or dynamic data to invoked commands.

subprocess.run()  is Your Friend: This Python function is central to

executing external commands, capturing their output, and handling errors

gracefully. It's the agent's primary interface to the underlying shell.

AI-Discoverable Skills: The concept of SKILL.md  (or similar structured

metadata) allows AI agents to intelligently discover and understand how to

use available CLI tools, making them highly extensible.

Security First: Always prioritize security, especially when executing

commands generated by an AI. Avoid shell=True  with untrusted input to

prevent dangerous shell injection vulnerabilities.
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By integrating AI agents with your existing shell tools, you're not just automating

tasks; you're building a truly intelligent and adaptable command-line environment

that can dynamically respond to complex requirements. This capability forms the

bedrock of advanced AI-driven terminal workflows.

In our next chapter, we'll explore the exciting (and sometimes challenging!) world

of multi-agent workflows. Get ready to coordinate multiple AI agents to tackle

even more complex problems, pushing the boundaries of what's possible in your

terminal!

References

Python subprocess  Module Documentation (Python 3.12, as of

2026-03-20): The official and most authoritative guide for running external

programs in Python, including security considerations.

https://docs.python.org/3/library/subprocess.html

jq  Manual (Version 1.7.1, as of 2026-03-20): Comprehensive

documentation for the lightweight and flexible command-line JSON

processor.

https://stedolan.github.io/jq/manual/

GNU grep  Manual (grep 3.11, as of 2026-03-20): Official

documentation for the powerful text search utility.

https://www.gnu.org/software/grep/manual/grep.html

CLI-Anything Project (Conceptual SKILL.md  Reference): A Microsoft

project that highlights the concept of AI-discoverable skill definitions for CLI

tools, providing a practical example of how agents can understand tool

capabilities.

https://github.com/microsoft/CLI-Anything

This page is AI-assisted and reviewed. It references official documentation and

recognized resources where relevant.
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CHAPTER 18

Unlocking Your Terminal: An
Introduction to CLI-First AI
Agents
Welcome to an exciting journey into the world of CLI-first AI systems! Imagine

your terminal, not just as a place to type commands, but as a smart, active

partner that can understand your goals, generate solutions, and even execute

them for you. That's the powerful promise of integrating AI agents directly into

your command-line interface (CLI).

In this chapter, we'll lay the groundwork for understanding this transformative

paradigm. We'll explore what AI agents are, what "CLI-first" truly means in this

context, and how these intelligent entities can revolutionize your command

automation, scripting, and overall developer workflows. By the end, you'll have a

clear picture of the potential and even get your hands dirty with a practical

example to kickstart your CLI AI adventure.

To make the most of this chapter, you should have a basic familiarity with using a

terminal (Bash, Zsh, or similar), executing simple shell commands, and

understanding environment variables. No deep AI knowledge is required – we'll

build that together, step by baby step!

What are AI Agents? Your Digital Assistant in the
Terminal

Before we dive into the "CLI-first" part, let's make sure we're on the same page

about what an AI agent actually is.

Think of an AI agent as a sophisticated digital assistant. Unlike a simple program

that just follows a fixed set of instructions, an AI agent is designed to:

Perceive: Understand its environment. In our terminal context, this could

be your prompt, the output of a previous command, the contents of a file, or

even system metrics.

Reason: Process that perception, make decisions, and formulate a plan of

action. This "brain" is often powered by large language models (LLMs) or

other specialized AI models, allowing it to interpret natural language and

infer intent.

1. 
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Act: Execute its plan by performing actions. These actions might include

generating a shell command, writing code, interacting with a web API, or

modifying a file.

Crucially, an AI agent isn't just a chatbot you talk to. It's an autonomous entity

capable of doing things based on its understanding and reasoning. It's not just

telling you how to do something; it's often designed to do it for you or at least

provide the exact command you need to execute.

The CLI-First Philosophy for AI

You've probably interacted with AI through web interfaces or mobile apps. So,

what does it truly mean for an AI system to be "CLI-first"?

CLI-first design means prioritizing the command-line interface as the primary,

and often most powerful, method of interaction for an AI system. Instead of

clicking buttons or navigating menus, you interact with the AI directly through

text commands, just like you would with any other powerful shell utility like git

or docker .

Why is this a big deal for AI, especially for developers and system administrators?

Scriptability: CLI tools are inherently scriptable. This means you can easily

integrate AI agents into your existing Bash scripts, Python programs, or

automation pipelines, making your automations dynamic and intelligent.

Composability: Just like the Unix philosophy of small, focused tools, CLI-

first AI agents can be chained together using pipes ( | ), redirects ( > ), and

other shell features, allowing for incredibly complex workflows to be built

from simple parts.

Efficiency: For experienced users, the terminal is often the fastest way to

get things done. CLI-first AI aims to enhance, not replace, that efficiency by

reducing cognitive load and accelerating command generation.

Deep Integration: It allows AI to seamlessly interact with the thousands of

existing command-line tools you already use (e.g., git , docker , kubectl , 

grep , awk , sed ). The AI can use these tools as its "hands" to perform

tasks.

Consider tools like gemini-cli  (which we'll explore shortly) or aspect-cli .

These are designed from the ground up to bring AI capabilities directly into your

terminal environment, making them feel like native shell commands rather than

external web services.
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How CLI-First AI Agents Work in Your Terminal

At its heart, a CLI-first AI agent takes your natural language instructions (or

structured input), processes them using its AI brain, and then often translates that

into executable shell commands or code. Let's visualize a simplified interaction

loop:

Breaking down this powerful flow:

User Input Prompt: You type a prompt into your terminal, asking the AI

agent to perform a task (e.g., gemini ask "Summarize the log file

app.log and show me errors" ).

AI Agent Processing: The CLI-first AI agent (running as a terminal

program) receives your input. Its internal AI model (the AI_Brain )

interprets your request, understanding your intent.

Command Generation & Execution: Based on its understanding and

available "skills" (which we'll touch on next), the AI agent decides what shell

commands are needed (e.g., grep -i "error" app.log | head -n 10 ). It

then executes these commands within your shell environment (or a

sandboxed one for safety).

Output Processing: The shell executes the command and returns the

output. The AI agent captures this raw output.

Refined Response/Action: The AI agent processes the raw output,

summarizes it, extracts key information, or takes further actions based on its

initial plan. It then presents a concise, human-readable response or performs

a final action back in your terminal.

This continuous cycle of perceiving, reasoning, and acting within the terminal

environment is what makes CLI-first AI so powerful for automation and developer

workflows.

The Role of AI-Discoverable Skills

For an AI agent to be truly useful in a CLI environment, it needs to know what

tools it can use and how to use them. This is where the concept of AI-

discoverable skills comes in.

1. 
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Imagine an agent needs to work with Git. Instead of hardcoding every Git

command, the agent can be given a "skill definition" for Git. This definition might

describe: * What git  does. * Its subcommands (e.g., git commit , git push , 

git pull ). * The parameters these subcommands accept (e.g., -m  for message, 

-a  for all). * Expected input and output formats.

Some frameworks, like CLI-Anything , even propose standardizing these skill

definitions (e.g., in a SKILL.md  file alongside a CLI tool). This allows the AI agent

to dynamically discover and understand how to interact with any compliant

command-line utility, making it incredibly adaptable and powerful.

Practical Application: Your First CLI AI Interaction
with gemini-cli

Enough theory! Let's get a taste of a real CLI-first AI tool. We'll use gemini-cli ,

an open-source command-line interface for interacting with Google's Gemini

models. This will demonstrate how an AI agent can become an integrated part of

your terminal toolkit.

CRITICAL VERSION & ACCURACY REQUIREMENTS (as of 2026-03-20): We'll

be using gemini-cli  (version 0.2.0  or later stable version is recommended for

stability) and Python 3.9+.

Step 1: Prerequisites

Before we install gemini-cli , you'll need two things:

Python and pip : Ensure you have Python 3.9 or newer installed, along

with pip  (Python's package installer). Most modern systems come with

Python pre-installed. You can check your versions by running: bash python3

--version pip3 --version  If python3  isn't found, you might need to use 

python  or py  depending on your OS setup. If pip3  is missing, you can

usually install it via python3 -m ensurepip .

Google AI Studio API Key: gemini-cli  needs access to Google's Gemini

models. You'll need to generate an API key from Google AI Studio.

Visit Google AI Studio (you might need to sign in with a Google

account).

Click "Get API key" or "Create API Key in new project."

Copy your newly generated API key. Keep this key secure! Treat it

like a password and never share it publicly.
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Step 2: Install gemini-cli

Now, let's install the CLI tool itself.

Open your terminal.

Install gemini-cli  using pip : bash pip install gemini-cli What's

happening here? pip  downloads the gemini-cli  package from the Python

Package Index (PyPI) and installs it, making the gemini  command available

in your terminal. This command essentially brings the AI agent's core

executable onto your system.

Step 3: Configure Your API Key

For gemini-cli  to work, it needs to know your API key to authenticate with

Google's services. The most secure and common way to do this is via an

environment variable.

Set the GEMINI_API_KEY  environment variable: bash export

GEMINI_API_KEY="YOUR_API_KEY_HERE" Remember to replace 

"YOUR_API_KEY_HERE"  with the actual API key you copied from

Google AI Studio!

Why export ? This command sets an environment variable for your current

terminal session. The gemini-cli  tool is designed to look for this specific

variable to authenticate with the Gemini API. For a more permanent solution,

you would typically add this export  command to your shell's configuration

file (e.g., ~/.bashrc , ~/.zshrc , ~/.profile ), then run source

~/.bashrc  (or your relevant file) to apply the changes without needing to

re-type it every time you open a new terminal.

Step 4: Your First Interaction!

You're all set! Let's ask gemini-cli  something and see our CLI-first AI agent in

action.

Ask a simple question: bash gemini ask "What is the capital of

France?" What to observe: The gemini  command invokes the gemini-cli

agent. It sends your question to the Google Gemini model, waits for a

response, and then prints it directly in your terminal. Notice how the AI's

response integrates seamlessly into your command-line workflow.

Ask for a shell command: Now, let's see its "CLI-first" nature in action.

Ask it to generate a shell command. bash gemini ask "How do I list

all Python files in the current directory and its

subdirectories?" What to observe: The AI should provide a relevant shell
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command, likely using find . -name "*.py"  or a similar approach. This

demonstrates its ability to understand a request and translate it into a

practical, executable terminal action. This is the core of command

automation with AI agents!

Congratulations! You've just successfully interacted with your first CLI-first AI

agent. This simple interaction is the foundation for much more complex

automation and integration we'll explore in future chapters.

Mini-Challenge: Explore a Common Shell Task

Now it's your turn to experiment and truly make this knowledge your own.

Challenge: Use gemini ask  to get help with a common shell task that you

might perform regularly, or one you've always wanted to automate. For example,

try asking it to: * "Create a git  command to stage all changes and commit with

the message 'Feature complete'." * "Explain how to use awk  to extract the

second column from a CSV file, skipping the header." * "Generate a command to

find all files larger than 50MB in the /var/log  directory and print their sizes." *

"How do I recursively delete all empty directories in the current path?"

Hint: Be specific in your prompt. The clearer your instructions and the more

context you provide, the better the AI's response will be. If you want a command,

explicitly say "generate a shell command for..."

What to observe/learn: Pay attention to how gemini-cli  formats its answers.

Does it directly provide the command, or explain it first? Does it offer alternatives

or warnings? This helps you understand the agent's "personality" and how best to

prompt it for actionable terminal commands. Experiment with different phrasings

to see how the AI's understanding changes.

Common Pitfalls & Troubleshooting

Working with new tools, especially those involving AI and external APIs, can

sometimes hit a snag. Don't worry, that's part of the learning process! Here are a

few common issues you might encounter and how to debug them:

API Key Not Found / Invalid:

Symptom: You get an error message like "No API key found," "Invalid API

key," or an authentication failure.

Fix:
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Verify export : Ensure you ran export GEMINI_API_KEY="YOUR_KEY"  in

your current terminal session. Environment variables are session-specific

unless added to your shell config.

Check Key Accuracy: Double-check that you correctly copied your 

GEMINI_API_KEY  from Google AI Studio. Make sure there are no extra

spaces, missing characters, or incorrect case.

Permanent Setup: If you added it to .bashrc , .zshrc , or .profile ,

make sure you source  the file (e.g., source ~/.zshrc ) or open a new

terminal tab to apply the changes.

gemini  command not found:

Symptom: When you type gemini ask ... , your terminal responds with 

command not found: gemini .

Fix: This usually means pip  didn't install gemini-cli  into a directory

that's included in your system's PATH  environment variable.

python3 -m pip : Try installing using python3 -m pip install gemini-

cli  to ensure it uses the correct Python interpreter associated with your 

PATH .

Check ~/.local/bin : pip  often installs user-specific scripts into 

~/.local/bin . Ensure this directory is part of your PATH . You can check

your PATH  with echo $PATH . If ~/.local/bin  is missing, you'll need to

add export PATH="$HOME/.local/bin:$PATH"  to your shell configuration

file.

Vague or Unexpected AI Responses:

Symptom: The AI gives a generic answer, doesn't generate a command, or

misunderstands your intent, even though you think your prompt was clear.

Fix: Refine your prompt! AI agents are powerful, but they still rely on clear

and unambiguous input.

Be Explicit: Specify "generate a shell command," "using grep ," "for a

Linux system," or "provide only the command, no explanation."

Provide Context: If you're working with a file, mention its format (e.g., "a

CSV file named data.csv ").

Iterate: If the first attempt isn't perfect, try rephrasing your question or

adding more details in a follow-up prompt. This iterative process is common

when working with LLMs.
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Summary: Your Terminal, Reimagined

In this introductory chapter, we've taken the first crucial steps into the exciting

world of CLI-first AI systems:

We defined AI agents as autonomous entities that perceive, reason, and

act, often powered by advanced AI models like LLMs.

We understood the CLI-first philosophy, emphasizing the terminal as the

primary interaction method for AI, enabling unparalleled scriptability,

composability, and deep integration with existing shell tools.

We explored how AI agents facilitate command automation by intelligently

generating and executing shell commands based on natural language

prompts.

We briefly touched upon AI-discoverable skills as a key mechanism for

agents to understand and utilize various CLI tools.

You gained valuable hands-on experience by installing and interacting

with gemini-cli , demonstrating a practical example of a CLI-first AI agent

in action.

We covered common setup issues and provided strategies to troubleshoot

them effectively.

This is just the beginning! In the next chapters, we'll dive deeper into how these

agents are built, how they interact with more complex shell tools, how to script

with them for dynamic automation, and even explore the potential (and

challenges) of multi-agent workflows. Get ready to unlock an entirely new level of

productivity and intelligence in your terminal!

References

Google Gemini CLI: The official GitHub repository for gemini-cli  provides

installation and usage instructions, and is the primary source for the tool.

https://github.com/google-gemini/gemini-cli

Google AI Studio: The platform where you can obtain your API key for

accessing Google's AI models, essential for gemini-cli .

https://makersuite.google.com/app/apikey
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CHAPTER 19

Beyond Single Agents:
Orchestrating Multi-Agent
Workflows and AI-Discoverable
Skills

Introduction

Welcome back, intrepid command-line explorer! In previous chapters, we've

journeyed into the exciting world of CLI-first AI systems, understanding how a

single AI agent can perceive, reason, and act directly within your terminal. We've

seen how these agents can automate tasks, interact with shell tools, and even

generate code. Pretty cool, right?

But what if a task is too big, too complex, or requires different specializations that

a single agent can't easily handle alone? Imagine a team of highly skilled

individuals, each with their own expertise, collaborating to achieve a grander

goal. This is precisely the power of multi-agent workflows. In this chapter, we'll

dive into how to orchestrate multiple AI agents to tackle more intricate

challenges, turning your terminal into a collaborative AI hub.

We'll also explore a crucial concept that empowers agents to truly understand and

utilize the vast ecosystem of existing CLI tools: AI-discoverable skills. These are

structured definitions that help AI agents know what a command does, how to use

it, and what kind of input/output it expects. By the end of this chapter, you'll have

a solid grasp of how to move beyond isolated agents and build more

sophisticated, cooperative AI systems right from your command line.

Ready to level up your CLI AI game? Let's go!

Core Concepts

What are Multi-Agent Workflows?

Think of a multi-agent workflow like a project team. Instead of one person trying

to do everything, you have specialists: a researcher, a writer, an editor, a

designer. Each focuses on their expertise, and together, they produce a high-

quality outcome.
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In the context of CLI-first AI systems, a multi-agent workflow involves

coordinating two or more AI agents to collaboratively complete a complex task.

Each agent might have a specific role, a set of tools it's proficient with, or a

particular domain of knowledge.

Why are they powerful in CLI environments?

Tackling Complexity: Break down a massive problem into smaller,

manageable sub-problems, each handled by a specialized agent.

Parallelization: Independent sub-tasks can be executed concurrently by

different agents, speeding up overall execution.

Specialization: Agents can be optimized for specific functions (e.g., one

agent for data parsing, another for code generation, a third for cloud

infrastructure management).

Robustness: If one agent fails, others might still proceed or the

orchestrator can reassign the task, leading to more resilient systems.

The Challenges (And Why We Need Orchestration):

While powerful, multi-agent systems introduce complexity. They need careful

design to prevent:

Communication Breakdown: How do agents share information?

Conflict: What if two agents try to modify the same resource

simultaneously?

Redundancy: How do we avoid agents doing the same work twice?

Immaturity: The field of multi-agent AI is still rapidly evolving, meaning

robust solutions often require significant architectural iteration.

This is where orchestration comes in!

Orchestration in CLI-First AI Systems

Orchestration is the art and science of coordinating multiple agents to work

together harmoniously. It defines the flow, communication, and decision-making

processes within a multi-agent system. In a CLI-first context, this often means

managing agent sessions, input/output streams, and execution order.

How Agents Communicate

Agents in a CLI environment typically communicate through:

Shared Files: One agent writes to a file, another reads from it.
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Pipes ( | ) and Redirects ( > , < ): Standard Unix-like communication for

passing output from one command (or agent) as input to another.

Environment Variables: Agents can set and read environment variables to

share configuration or intermediate results.

Dedicated Message Queues/APIs: For more advanced setups, agents

might communicate via a lightweight message broker or a local API.

The Role of an Orchestrator

An orchestrator acts as the conductor of your AI agent symphony. It's responsible

for:

Task Assignment: Deciding which agent handles which part of the task.

Workflow Management: Defining the sequence or parallel execution of

agent actions.

Resource Allocation: Ensuring agents have the necessary resources (e.g.,

access to specific tools).

Error Handling: Managing failures and deciding on recovery strategies.

Output Aggregation: Collecting and presenting the final results from

multiple agents.

A great example of a CLI-first orchestrator is the CLI Agent Orchestrator (CAO)

from AWS Labs (version N/A, as of 2026-03-20, refer to its GitHub repository: 

https://github.com/awslabs/cli-agent-orchestrator). CAO leverages tmux , a

powerful terminal multiplexer, to manage multiple agent sessions, allowing them

to run concurrently and interact within a structured terminal environment.

Orchestration Techniques

Sequential Orchestration: Agents execute tasks one after another. Agent

A completes its task, passes its output to Agent B, which then proceeds.

Example: Agent A fetches data -> Agent B processes data -> Agent C

generates a report.

Parallel Orchestration: Agents work on independent sub-tasks

concurrently.

Example: Agent A analyzes logs, Agent B monitors system metrics,

both report their findings simultaneously to the orchestrator.
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Hierarchical Orchestration: A "manager" agent delegates tasks to

"worker" agents and oversees their progress.

Example: A "Project Manager" agent receives a high-level goal, breaks

it down, assigns sub-goals to "Code Generator" and "Test Creator"

agents, and then integrates their results.

Let's visualize these basic orchestration patterns with a simple Mermaid diagram.

AI-Discoverable Skills

For an AI agent to be truly useful in a CLI-first environment, it needs to

understand the vast array of existing command-line tools. How can it know what 

grep  does, or how to use jq  to parse JSON, or the parameters for aws s3 cp ?

This is where AI-discoverable skills come into play.

An AI-discoverable skill is essentially a machine-readable description of a tool's

capabilities. It tells an AI agent:

What the tool does: Its purpose and high-level function.

How to invoke it: The command name and basic syntax.

Its arguments/options: What parameters it accepts, their types, and

descriptions.

Expected input: What kind of data it processes.

Expected output: What kind of data it produces.

Examples: Concrete usage scenarios.

The concept often manifests as a structured markdown file, like SKILL.md  (as

seen in projects like AI-Starter-Kit  [https://github.com/richardh8/AI-Starter-Kit]

or proflead/how-to-build-ai-agent  [https://github.com/proflead/how-to-build-

ai-agent]). When an AI agent needs to perform a task, it can "read" these 

SKILL.md  files (or similar structured definitions) to dynamically understand and

select the appropriate CLI tool.

Why are they crucial?

Agent Autonomy: Agents can independently learn and utilize new tools

without being explicitly programmed for each one.

Flexibility: Easily extend an agent's capabilities by simply adding new 

SKILL.md  files for different tools.
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Standardization: Provides a consistent way to describe tool interfaces for

AI consumption.

Reduced Hallucination: By providing explicit tool definitions, agents are

less likely to "invent" non-existent commands or misuse existing ones.

Example Structure of a SKILL.md

Let's imagine a simple CLI tool called file_stats  that calculates lines, words,

and characters in a file. Here's how its SKILL.md  might look:

# file_stats

## Description
A command-line tool to calculate statistics (lines, words, characters) for a 
given text file.

## Usage
`file_stats <filepath> [options]`

## Arguments
- `filepath` (string, required): The path to the text file to analyze.

## Options
- `--lines` (boolean, optional): If present, only display the number of lines.
- `--words` (boolean, optional): If present, only display the number of words.
- `--chars` (boolean, optional): If present, only display the number of 
characters.
- `--json` (boolean, optional): Output results in JSON format.

## Output
By default, prints lines, words, and characters to standard output. If `--
json` is used, outputs a JSON object.

## Examples
### Example 1: Basic usage
```bash
file_stats my_document.txt

Expected Output:

Lines: 10
Words: 150
Chars: 800

Example 2: Get only word count

file_stats my_document.txt --words

Expected Output:
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Words: 150

Example 3: Get JSON output

file_stats my_document.txt --json

Expected Output:

{
"file": "my_document.txt",
"lines": 10,
"words": 150,
"chars": 800

}

An AI agent, when tasked with "count the words in `report.txt` and output as 
JSON", could parse this `SKILL.md` for `file_stats`, understand its 
capabilities, and construct the command `file_stats report.txt --words --json`. 
Pretty neat, right?

## Step-by-Step Implementation: Conceptualizing an Orchestrated Workflow

While building a full-fledged multi-agent orchestrator is beyond a single 
chapter, we can conceptualize how one might operate and how `SKILL.md` files 
enable it. We'll use a simplified Python script to illustrate the 
orchestrator's role and a Bash script to simulate an agent using a discovered 
skill.

### Scenario: Automated Log Analysis and Reporting

Imagine we want to:
1.  **Fetch logs:** An `LogFetcher` agent retrieves log files from a specific 
directory.
2.  **Analyze logs:** An `Analyzer` agent processes these logs, perhaps 
counting specific error messages using a `log_parser` tool.
3.  **Generate Report:** A `Reporter` agent summarizes the findings and saves 
them to a file.

We'll focus on how the `Analyzer` agent might use an `AI-discoverable skill` 
for a fictional `log_parser` tool.

#### Step 1: Define the `log_parser` Skill

First, let's create a `SKILL.md` for our hypothetical `log_parser` tool. Create 
a file named `skills/log_parser.md`:

```bash
# Create a directory for skills if it doesn't exist
mkdir -p skills

Now, create the skills/log_parser.md  file with the following content:
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# log_parser

## Description
A command-line tool to parse log files and count occurrences of specific 
patterns.

## Usage
`log_parser <filepath> --pattern <regex_pattern> [options]`

## Arguments
- `filepath` (string, required): The path to the log file to analyze.

## Options
- `--pattern` (string, required): The regular expression pattern to search for.
- `--case-insensitive` (boolean, optional): Perform a case-insensitive search.
- `--output-json` (boolean, optional): Output results in JSON format.

## Output
By default, prints the count of occurrences to standard output. If `--output-
json` is used, outputs a JSON object with the pattern and count.

## Examples
### Example 1: Count errors in a log file
```bash
log_parser app.log --pattern "ERROR"

Expected Output:

Pattern 'ERROR' found 15 times.

Example 2: Count warnings (case-insensitive)

log_parser server.log --pattern "warning" --case-insensitive

Expected Output:

Pattern 'warning' found 7 times.

Example 3: Count critical messages and output as JSON

log_parser system.log --pattern "CRITICAL" --output-json

Expected Output:

{
"pattern": "CRITICAL",
"count": 3

}
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This `SKILL.md` provides all the necessary information for an AI agent to 
understand and use `log_parser`.

#### Step 2: Simulate the `log_parser` Tool

For our example, we don't need a complex `log_parser` actual implementation. A 
simple Python script can simulate its behavior. Create a file named `tools/
log_parser.py`:

```bash
mkdir -p tools

Then, add the following Python code to tools/log_parser.py :

# tools/log_parser.py
import argparse
import re
import json
import sys

def main():
parser = argparse.ArgumentParser(description="Parse log files for 

patterns.")
parser.add_argument("filepath", help="Path to the log file.")
parser.add_argument("--pattern", required=True, help="Regex pattern to 

search for.")
parser.add_argument("--case-insensitive", action="store_true", help="Perfor

m case-insensitive search.")
parser.add_argument("--output-json", action="store_true", help="Output 

results in JSON format.")

args = parser.parse_args()

try:
with open(args.filepath, 'r') as f:

content = f.read()
except FileNotFoundError:

print(f"Error: File not found at {args.filepath}", file=sys.stderr)
sys.exit(1)

flags = re.IGNORECASE if args.case_insensitive else 0
matches = re.findall(args.pattern, content, flags)
count = len(matches)

if args.output_json:
print(json.dumps({"pattern": args.pattern, "count": count}))

else:
print(f"Pattern '{args.pattern}' found {count} times.")

if __name__ == "__main__":
main()

Make it executable:

chmod +x tools/log_parser.py
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Now, create a dummy log file to test:

echo "INFO: Application started." > app.log
echo "ERROR: Database connection failed." >> app.log
echo "WARNING: Low disk space." >> app.log
echo "ERROR: API endpoint not found." >> app.log
echo "info: User logged in." >> app.log

Test our simulated tool:

./tools/log_parser.py app.log --pattern "ERROR"

./tools/log_parser.py app.log --pattern "info" --case-insensitive --output-json

You should see output similar to:

Pattern 'ERROR' found 2 times.
{"pattern": "info", "count": 2}

Great! Our tool and its skill definition are ready.

Step 3: Orchestrator (Conceptual Python Script)

Now, let's create a conceptual Python script that acts as an orchestrator. This

script will: 1. Load the SKILL.md  file. 2. Pretend to receive a task (e.g., "count

errors in app.log "). 3. "Reason" about which tool to use (by parsing SKILL.md ).

4. Construct and execute the appropriate command.

Create a file named orchestrator.py :
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# orchestrator.py
import os
import subprocess
import re
import json

class Orchestrator:
def __init__(self, skill_dir="skills", tool_dir="tools"):

self.skill_dir = skill_dir
self.tool_dir = tool_dir
self.skills = self._load_skills()

def _load_skills(self):
"""Loads all SKILL.md files from the skill directory."""
loaded_skills = {}
for skill_file in os.listdir(self.skill_dir):

if skill_file.endswith(".md"):
skill_name = os.path.splitext(skill_file)[0]
filepath = os.path.join(self.skill_dir, skill_file)
with open(filepath, 'r') as f:

content = f.read()
# A real agent would parse this markdown more robustly
# For simplicity, we'll just store the raw content for now
loaded_skills[skill_name] = content

print(f"Loaded skills for: {', '.join(loaded_skills.keys())}")
return loaded_skills

def _find_tool_for_task(self, task_description):
"""

        Simulates an AI agent finding the right tool based on task description.
        In a real scenario, this would involve LLM reasoning over skill 
descriptions.
        For this example, we'll do a simple keyword match.
        """

if "count errors" in task_description.lower() or "parse log" in task_de
scription.lower():

if "log_parser" in self.skills:
print("Orchestrator identified 'log_parser' tool.")
return "log_parser"

return None

def _construct_command(self, tool_name, task_description, log_file):
"""

        Simulates an AI agent constructing a command based on task and skill.
        Again, a real agent would use LLM to parse skill.md and task.
        """

if tool_name == "log_parser":
# Based on the log_parser.md, we know it needs filepath and pattern
# and we can infer options from the task description
command = [os.path.join(self.tool_dir, "log_parser.py"), log_file]
if "errors" in task_description.lower():

command.extend(["--pattern", "ERROR"])
if "case-insensitive" in task_description.lower():

command.append("--case-insensitive")
if "json" in task_description.lower() or "report" in task_descripti

on.lower():
command.append("--output-json")

return command
return None

def execute_task(self, task_description, context={}):
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"""
        Orchestrates the execution of a task.
        """

print(f"\nOrchestrator received task: '{task_description}'")
log_file = context.get("log_file", "app.log") # Default log file

tool_to_use = self._find_tool_for_task(task_description)

if tool_to_use:
command = self._construct_command(tool_to_use, task_description, lo

g_file)
if command:

print(f"Executing command: {' '.join(command)}")
try:

result = subprocess.run(command, capture_output=True,
text=True, check=True)

print("Tool output:")
print(result.stdout.strip())
return result.stdout.strip()

except subprocess.CalledProcessError as e:
print(f"Error executing tool: {e}", file=sys.stderr)
print(f"Stderr: {e.stderr.strip()}", file=sys.stderr)
return None

else:
print(f"Could not construct command for tool 

'{tool_to_use}'.", file=sys.stderr)
return None

else:
print(f"No suitable tool found for task: '{task_description}'.", fi

le=sys.stderr)
return None

if __name__ == "__main__":
orchestrator = Orchestrator()

# --- Scenario 1: Simple log analysis ---
orchestrator.execute_task("count errors in app.log")

# --- Scenario 2: More complex request with JSON output ---
orchestrator.execute_task("find case-insensitive warnings in app.log and 

report as JSON")

# --- Scenario 3: Task requiring a different log file (passing context) ---
# Imagine another agent fetched 'server.log' and put it in context
with open("server.log", "w") as f:

f.write("DEBUG: User connected.\n")
f.write("WARNING: High CPU usage.\n")
f.write("ERROR: Disk full.\n")

orchestrator.execute_task("count critical issues in server.log and output 
json", context={"log_file": "server.log"})

# --- Scenario 4: Task for which no skill is defined (conceptual) ---
orchestrator.execute_task("generate a complex neural network model")

Run the orchestrator:

python orchestrator.py
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Observe how the orchestrator "discovers" the log_parser  tool based on the task

description and uses the SKILL.md  (conceptually, through our simplified 

_construct_command  logic) to build the correct command.

This simplified example demonstrates the core idea: 1. AI-Discoverable Skills:

The SKILL.md  provides the blueprint for the tool. 2. Orchestration Logic: The 

Orchestrator  script acts as a central brain, interpreting tasks and delegating to

tools based on their skills. 3. CLI Interaction: The orchestrator executes actual

CLI commands ( log_parser.py ) and captures their output.

In a real multi-agent system, the Orchestrator  might be a more sophisticated

framework like cli-agent-orchestrator  (which uses tmux  sessions), and the

"reasoning" part ( _find_tool_for_task , _construct_command ) would be

powered by a Large Language Model (LLM) that can genuinely understand natural

language tasks and skill definitions.

Mini-Challenge: Extend a Skill and an Agent's
Capabilities

Now it's your turn to get hands-on!

Challenge: 1. Enhance log_parser.md : Add a new option --top-n <number>

to the log_parser  tool's SKILL.md  that, when used, displays the top N most

frequent patterns found (instead of just counting a single specified pattern). You

don't need to implement this in log_parser.py , just define it in the SKILL.md

and add an example. 2. Update orchestrator.py  (Conceptually): Modify the 

_construct_command  method in orchestrator.py  to conceptually handle a

task like "find the top 5 most frequent patterns in app.log ". You don't need to

make the command actually work; just add an if  statement that would 

recognize such a task and attempt to construct a command using the new 

--top-n  option you defined in SKILL.md . Print the command it would try to

execute.

Hint: * For the SKILL.md  update, think about how to describe a new option, its

type (integer), and an example. * For orchestrator.py , you'll need to add

another if  condition within _construct_command  to detect keywords like "top N

frequent patterns" and then append the --top-n  option to the command  list.

What to Observe/Learn: * How adding a new skill definition conceptually

extends the capabilities of your AI system. * The clear mapping between a task

description, a skill definition, and the resulting CLI command. * The iterative

process of defining tools and enabling agents to use them.
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Common Pitfalls & Troubleshooting

Underestimating Multi-Agent Complexity:

Pitfall: Thinking that just launching multiple agents will automatically lead

to synergy. Multi-agent systems are inherently complex, especially regarding

coordination, state management, and debugging.

Troubleshooting: Start simple. Design clear roles for each agent.

Implement robust communication protocols. Utilize hierarchical

orchestration for complex tasks. Be prepared for significant architectural

iteration.

Vague SKILL.md  Definitions:

Pitfall: Providing ambiguous or incomplete descriptions of tool capabilities,

leading to agents misusing tools or "hallucinating" incorrect arguments.

Troubleshooting: Be precise in your SKILL.md . Define all arguments,

options, input/output formats, and provide clear examples. Treat SKILL.md

as a contract for the tool.

Lack of Robust Error Handling:

Pitfall: Agents crashing or producing cryptic errors when a CLI tool fails,

making debugging difficult in a terminal environment.

Troubleshooting: Ensure your agents and orchestrator capture stderr

from executed commands. Implement retry mechanisms, fallback strategies,

and clear logging. A good terminal UX for AI will highlight errors effectively.

Security Risks with Broad Permissions:

Pitfall: Granting AI agents extensive permissions (e.g., sudo  access, broad

file system access) without proper safeguards. An autonomous agent could

execute malicious or unintended commands.

Troubleshooting: Follow the principle of least privilege. Agents should only

have the permissions necessary for their specific tasks. Consider sandboxing

agents (e.g., using containers or restricted user accounts) for sensitive

operations. Carefully review any generated commands before execution,

especially in production environments.

1. 

• 

• 

1. 

• 

• 

1. 

• 

• 

1. 

• 

• 
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Summary

Phew! We've covered a lot in this chapter, moving beyond the individual brilliance

of a single AI agent to the collaborative power of multi-agent workflows.

Here are the key takeaways:

Multi-agent workflows enable AI systems to tackle more complex, multi-

faceted tasks by distributing work among specialized agents.

Orchestration is crucial for coordinating these agents, managing

communication, task assignment, and workflow execution, often leveraging

tools like tmux  (as demonstrated by cli-agent-orchestrator ).

AI-discoverable skills, often defined in structured markdown files like 

SKILL.md , provide agents with the necessary understanding of how to use

existing CLI tools.

These skill definitions empower agents with autonomy and flexibility,

allowing them to dynamically select and invoke the right tools for a given

task.

Designing robust multi-agent systems requires careful consideration of

communication, conflict resolution, error handling, and security.

As you continue your journey, remember that the CLI-first AI paradigm is still

evolving. The concepts of orchestration and AI-discoverable skills are fundamental

building blocks for creating increasingly intelligent and autonomous terminal-

based assistants.

In our next chapter, we'll delve deeper into advanced topics like security

considerations, testing, and creating more intuitive terminal user experiences for

these powerful AI systems.
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CHAPTER 20
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Setting Up Ai Ready Terminal
Environment
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## Gearing Up: Essential Tools for Your CLI-First AI Journey

Welcome back, future AI architect! In the previous chapter, we explored the 
exciting paradigm of CLI-first AI systems, understanding how AI agents can 
transform your command-line workflows. We talked about the power of integrating 
AI directly into your terminal, making it a hub for intelligent automation.

Now, it's time to roll up our sleeves and get our hands dirty! This chapter is 
all about setting up your development environment. Think of it as preparing 
your workbench before you start building something amazing. We'll equip your 
system with the fundamental tools that form the bedrock of almost every AI 
agent project, especially those designed for the command line. By the end of 
this chapter, you'll have a robust, AI-ready terminal environment, paving the 
way for practical exploration in the chapters to come.

### The Terminal: Your AI Agent's Home Base

Before we dive into specific tools, let's reaffirm why the terminal is so 
crucial. For CLI-first AI systems, the terminal isn't just an interface; it's 
the *environment* where your AI agents will perceive, reason, and act. They'll 
generate commands, execute them, parse output, and interact with other command-
line utilities.

Imagine your terminal as a vibrant stage. Our goal is to ensure this stage is 
well-lit, has all the necessary props, and is ready for the star performers – 
your AI agents – to put on a spectacular show of automation!

### Essential Tools for CLI-First AI

Several core tools are indispensable for building and running CLI-first AI 
agents. Each plays a distinct, vital role in your AI-powered terminal 
ecosystem.

Let's visualize how these tools connect and form your AI-ready terminal 
environment:
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eaNWt01VVX6f333y/2kLfn0r9/f6WmpiohIUGDBg3SsWPH9NJLLykyMlLDhw8Pyj6LI6/
j+JQpU9SxY0ctX75cq1ev1uHDh7Vx40a1aNHCf0bm/fff12WXXXbWJmBfffWVPvzwQ//
tsLAwRUdHFztfoM9ZzZo19eWXX/
ozt2zZUkuWLFFsbKwOHjyopKQkVa9eXevWrZPP55PL5VKzZs0kSa+88opatGihunXrqnXr1rr99ts1f
Phw7d69W3Xq1FFaWpqMMf4hmAGgqDjDAQAh4K9//avGjBmjt956S/
fff7+WLFmiZ599Nt8IVfXr11dycrKSk5NVt25dzZ49+4yhaEvLxRdfrMWLF+v48eOKi4vT0KFDZa1V1
65dg7K/
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4rr55ps1ceJELV26VAkJCdq5c6dWrVql3r17a+XKlZJOnK2JiYnRqFGj9Morr5x1exMnTtSdd97p/
+vVq1eJ8gX6nHk8Hm3ZskX33HOPcnJyNG3aNF1//
fXyeDyaOHGiBg0apLS0NO3atUvHjh2TJF133XWaMGGC0tPT1bNnT73zzjuSpNTUVMXGxmrq1KmKi4vT
gQMH9Oqrr/qb7gFAURV/
zD0AKEeSk5PHNW3a9KG8o8IAnLd161Zt2bJlgtfrHel0FgCF4wwHAAAAgKCh4AAAAAAQNBQcAAAAAIK
GggMAAABA0FBwAAAAAAgaCg4AAAAAQUPBAQAAACBoKDgAAAAABA0FBwAAAICgoeAAAAAAEDQUHAAAAA
CChoIDAAAAQNBQcAAAAAAIGgoOAAAAAEFDwQEAAAAgaCg4AAAAAAQNBQcAAACAoKHgAAAAABA0FBwAA
AAAgoaCAwAAAEDQhDsdAADKin379snn81mncwA44eDBg05HABAACg4ACIC1dumBAweyDxw44HQUxxw5
cqRRZmZm14oVK25yu90ZTudBwY4ePVr74MGD/
StWrLilWrVqKypWrJjpdKZg8vl8q5zOAODsjNMBAAAXtvj4+N+GhYVNlFRZ0rCUlJTNTmfCuXm93kRJ
oyUtlfR4SkrKVw5HAlBOUXAAAArk9XorSJoo6TZr7bDU1NRFTmdC0Xk8nn7GmNGS1hhjHk9OTv7c6Uw
AyhcKDgDAGbxe73BJ43XijMbzTudBySUkJPRyuVyjJW2z1o5PTU3d4HQmAOUDBQcAwM/
j8dxrjJkkaW5KSsqDTudB6UtMTLzbWjvGGLPbWjs+JSXlE6czAQhtFBwAAPXr1691xYoVkyT9V9LfUl
JS9jidCcHl9Xq7GWPG+Hy+XyQ9mpqa+pHTmQCEJgoOACjHBgwYUCs3N3eyMSbc5/NNTEtL+9jpTDi/
PB7PrcaY+yVdbox5LDk5eZnTmQCEFgoOACinvF7v45LirbVDU1NTX3Y6D5yVmJjY3lr7kKQqJ/
t4vO10JgChgYIDAMqZxMTEOGvt3621c1NTU590Og8uLImJidE+n2+MtfagMeYVRicDUFIUHABQTng8n
tbGmOclbf7pp5/+On/+/
CynM+HCFR8ff31YWNhYSfWsteNSU1MXOp0JQNlEwQEAIc7r9VaRNMVa28zlcg1KTk5e53QmlB1er/
cGa+3DxpgrJI1LSUl50+lMAMoWCg4ACGEej2eAMeaf1tq/
pqamznI6D8ouj8cT5XK5HrbWhvt8vvS0tLQFTmcCUDZQcABACEpMTGxhrZ1lrX0jNTV1nNN5EDri4+O
vDQsLe0xSfWvtQ6mpqe84nQnAhY2CAwBCjMfj+Zcx5mZjTL/k5OSNTudBaEpMTGxlrX3MGFPV5/
M9lJqa+oHTmQBcmCg4ACBEeDye7saYWZIeT0lJmeR0HpQPXq+33cnCIycnJ+cfM2bMoI8QgHwoOAAgB
Hi93mRJdXNzc/ulp6cfdDoPyp/ExMRbrLV9JF2Uk5MzYsaMGV87nQnAhYGCAwDKsMTExC7W2td9Pl/
ftLS015zOAyQmJt5trX1a0rvh4eEjpk6detjpTACcRcEBAGXUybMalx87duzuWbNmHXU6D3CqkyOkPS
1pYkpKyqNO5wHgHAoOAChjvF5vO0mvW2tHp6ampjqdBzgbj8fzsDHmQWvtIIZmBsonCg4AKEMSEhJGh
YWFdbHW3p2SkrLf6TxAIO65557K1atXH+FyuXr5fL7BaWlp7zmdCcD5Q8EBAGWE1+tdKemllJSUaU5n
AYrD4/
FcbYx5zlqblZOTM3jmzJm7nM4EIPgoOADgAneyCVVGbm5uTHp6+iqn8wAl5fF47jTGPCfp5ZSUlAedz
gMguCg4AOAC5vV6RxpjuiYnJ7d3OgtQ2rxe73BJj+bm5nrS09NfcjoPgOCg4ACAC5TX611ojPksOTl5
lNNZgGC55557KteoUeNRSTdK6peSkvKVw5EAlDIKDgC4wPTp06dq5cqV51trp6ampi5yOg9wPsTHx98
UFhY2yxjzUnJy8iNO5wFQeig4AOACkpCQcI3L5VoTFhZ2xbRp035yOg9wvnm93ock9bfW9ktNTf2gNL
Zprb1P0rxirHqfMeaV0sgAAADgOI/
Hc5vX693idA7AafHx8Q08Hs9yr9ebXhrbs9beZ4vnj6WxfwAAAMd5PB6P1+t92+kcwIUkMTExzuPxLP
N4PLeXZDsUHAAAoFzzer3jvF5vstM5gAuU8Xg8b3m93ueKu4G8guP999+3K1eupOAAzjOX0wEAoDxLT
Ez8o8/
ni0hJSUl0OgtwgbKpqandJG3zer1fezyeZsXd0IsvvqikpKRSjAYgEBQcAOAQr9eb5PP5mqSlpY1wOg
twoUtJSXne5XLdbIx52ev1Fus9ExMTo5UrV8rn8xU4f9euXYqNjZUxRp999lmJ8gIAADjK6/
WO93q9XF8DKAaPx/NUQkLCi4Eun9ekaufOnVaS/
fTTT89oOzVz5kxbo0YNW716dSvJbt68mSZVAACgbPJ6vSMTExOfcDoHUJYlJCS09Xq9hxMSEq4817Kn
dhpv3LixTUpKyldsfPDBB1aSHTJkiH311VcpOIBSRpMqADiPvF7vIEn1uXo4UDJpaWkfS6rlcrmWJiY
m3hHoeu3bt9fKlSvPmLZixQolJSWpSpUqpR0VAADg/
PB6vfcnJibOdDoHEGq8Xu8Cr9c7srD5p57hmDVrlq1du7bNzc0tcFiqRYsWcYYDKGWc4QCA8yA+Pr6L
tbZVcnJynNNZgFCTkpLSwxhTzev1vnCuZTt06KB9+/Zp+/bt5yMaAFFwAEDQ9e/f/
+KwsLBXUlNTBzudBQhVycnJo6y1Szwez7tnW65hw4b6zW9+o08+
+eR8RQPKPQoOAAiy8PDwD6y1HZzOAYS61NTUFyU97vV6V51tubZt257RjwNA8FBwAEAQJSYmTpY0KzU
1dYPTWYDyIDU19QNr7QSv1/
t0YcvExMQoIyPjfMYCyjUKDgAIksTExLuttb9JSUl51uksQHmSmpq6UNJar9e7sKD57du315dffqlvv
vnm/AYDyikKDgAIAq/XW9NaOz0lJaWn01mA8iglJWW+MWae1+t9/
PR5zZs3V+3atfXBBx84EQ0odyg4ACA4phw7dqy90yGA8iw5OXmepGpLly7tfOp0l8ulmJgY+nEAAICy
KSEhId7r9aY6nQPACa+88spHp19vIykpyTZu3LjAa3GcgutwAKUg3OkAABBqXC7XpPDw8HpO5wBwQmx
sbKqk6FOn3Xrrrdq4caOOHj2qiIgIh5IBAAAUUWJi4liv1/uQ0zkA/
M+pVxovIs5wAKWAMxwAUEri4+Pd1tpBKSkpNZ3OAgDAhYJO4wBQSsLCwib6fL5hTucAAOBCQsEBAKXA
4/FEWWuvSUtLm+N0FgAALiQ0qQKAUmCMGWmt/ZfTOQAUKFdSjiRZa421NszlcuUEuB4AAICz/
vSnP1Xzer0/
O50DQGASExNTvF5vgtM5gPKCJlUAUEJVq1b1GGO47gZQRmRnZ0+01t7jdA6gvKDgAICSSzh+/
Hia0yEABGbWrFnbXC5XNa/
X28bpLEB5QMEBACWQkJAQI+mHGTNmfOF0FgCBy83NTZF0u9M5gPKAggMASsAYk2Ct5ewGUMaEh4cvl9
TX6RwAAACF6tevX4TX693udA4AxeP1el/
u27fv1U7nAEIdZzgAoJgqVKhwl7V2ndM5ABTboUqVKnVwOgQQ6ig4AKCYjDGdXS7Xe07nAFA81toMSZ
FO5wBCHQUHABRfrDHmXadDACie3NzcL4wxjZ3OAYQ6Cg4AKIbExMSmkg5Nnz59t9NZABRPTk7OTknRT
ucAQh0FBwAUg7U2VhJnN4AybM6cOQestZvuuOOOKk5nAUIZBQcAFIO1trO1lv4bQBnncrkq1KxZ81Kn
cwChjIIDAIrBGBP7888/c4YDKOOstZe4XK7qTucAQhkFBwAUUXx8/O+stRnz58/
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PdToLgJKx1u4yxlRyOgcQyig4AKCIwsLCmrtcrq+czgGg5IwxB3w+n3E6BxDKKDgAoIiMMddaaz9zOg
eAkvP5fD6nMwChjoIDAIruOkmbnQ4BoORcLtfVLpcr3OkcQCjjDQYARWStbX706NFNTucAUDwJCQnWG
CNrray1Msas9ng88vl8MsZsTUtLa+p0RiCUcIYDAIrA6/XWlXRszpw5B5zOAqB4jDGbjTFyuVwyxvj/
XC7XIWvtOKfzAaGGggMAiuY6YwzNqYAyLCcnZ4rP5/v19OnW2i/
T09NfdiITEMooOACgCKy1Day1K5zOAaD4Zs6cmeJyuXaeOs1ae8RaO8mpTEAoo+AAgKKJlJTtdAgAJW
OtfdZae+SU2zvS09NfcjITEKooOACgCIwx9Ywx3zudA0DJpKamplprd0r+sxsTnc4EhCoKDgAoAmNMf
WvtbqdzACg5n8+XZK3NstZ+kZ6ePtvpPECoYlhcACgCa229nJwcznCEmOTk5MiwsDCPJK44Xc7s27fv
WJUqVfampaVxhqOcyc3N/
TIxMXGa0znKAwoOACia+lWrVuUMR4gxxvw2IiJi4FVXXRXhdBacX82aNZOk20/+oZw4fPiwdu/
evUkSBcd5QMEBAAHq27fvpZIOP/
fcc3QaD0FVqlTJbtKkCQUHUA7s379fu3dz7Oh8oQ8HAAQoIiKiniSaUwEAUAQUHAAQuJrWWi76BwBAE
VBwAECArLWXGGMqO50DAICyhIIDAAJkrb1Y0i9O5wAAoCyh4ACAALlcrmrW2kyncwAAUJZQcABAgKy1
FxtjOMMBAEARUHAAQICMMRdZaw87nQMAgLKEggMAAsQZDgAAio6CAwACZIyp5vP56MMBAEARUHAAQOA
qSTridAgAAMoSCg4ACJAxppLL5cpxOgcAAGUJBQcABK6CpONOhwAAoCyh4ACAwFFwAABQROFOBwCAC4
m1doCkaWdZ5Lbk5OSCpncxxrwTnFQAAJRdnOEAAAAAEDQUHAAAAACChoIDAAqwfPlyffjhh07HAFAMm
zZt0gsvvKDjx0O/
y1V2drbmzJmjLVu2OB0FKBQFBwAU4MUXX1RSUpLTMQAUw6OPPqoHHnhAa9eudTpKsS1ZskRDhw4953J
r167V0KFD9cgjjxRp+0ePHtXw4cP13nvvFTciEDAKDgAoQExMjFauXCmfz1fg/
F27dik2NlbGGH322WfnOR1C0e7du3XgwAGnY5SKQ4cOaezYserQoYMaNWqk2NhYvfjii+dt/
yNGjND48ePVunXr87K/Vq1aye12a8GCBfmmz507V263Wx06dCjyNj/
88EMtXbo037Ts7Gxt374937TWrVvrscce04gRI4q0/
ezsbKWnp+v7778vcjagqCg4AKAAHTp00L59+7Rp06Yz5s2aNUstWrTQmjVrHEiGUPT111/
ruuuuU0ZGhtNRSiwrK0tdu3bVggUL9Pvf/
17PPfecoqOjNWbMGH366afnJUPbtm01cOBAVahQ4bzsb//+/apQoYJWrVqVb/
rq1atVoUKFUiskhw0bpv79++ebVqlSJQ0aNEi/
+93vSmUfQDAwLC4AFKBhw4Zq3LixMjIyFBUV5Z+ekZGhuLg4DRkyRO3atdO9997rYErgwrNs2TJt3bp
VCxYsUExMjCSpW7duGjZsmKpXr+5wutJ37NgxZWZmqkOHDlq5cmW+eRkZGYqOjqY/
GMo9znAAQCHat29/
xg+I9u3ba8WKFUpKSlKVKlUcSoZQMnHiRLVq1UqSFB8fL7fbreXLl0uSJk2apJtvvllvv/
22brrpJjVs2FD33nuvDhw4oMGDB6tJkya68cYbtXjx4nzbvPXWWzVgwIB80xo3bqxHH31UkrRy5Uq53
W7NmjXLP3/
kyJFq1KiR9u3bV6L7k9cMMScnJ9/004uNH3/8UUOGDFGzZs103XXXacSIEfnWee+999S1a1ddeeWVuv
7669WvXz99/vnnkk40Bxo4cKBat26tBg0aKDY2Vs8995x/35MmTVLt2rXz7S8zM1OjR49W+/
btdeWVV6p79+5ndLS+5557NHr0aD399NNq1aqVGjdurFGjRik7O7vQ+7t//
35JJx7zL774Qt99950kaceOHdq9e7duv/12+Xw+ZWZm+tc51/Nzut27d8vtdmvevHn6/
PPP5Xa7dccdd/jn165dW5MmTfLfznvdTJ06VTfffLOuuOIKdevWTV9//
XWh9yPP2rVr1adPHzVq1EjR0dH5XiNPPvmkatWqpR07dkg68Vx36tRJXbp0kbX2nOvnZbvlllu0fv16
/eEPf1BkZOQ5M6Hso+AAgEIU1o+jOO2xgcLcc889SklJkSQ9+OCDWrhwYb6+B9u2bdNTTz2lyZMna/
LkyVq6dKnuuOMOhYWFaenSpWrRooUGDBign376KeB9xsTE6N5779U///lP/
frrr9qxY4dmzpypUaNGnfFDvaiio6NVp04dDRo0SAsXLtSvv/5a4HL9+vXTv//
9byUkJGjo0KFauHChv+PzL7/8ogceeEDVq1fXs88+q6FDhyozM9NfIEyfPl2LFi1SXFycUlJSFB0drS
VLlpxR5JzK4/Fo/
vz56t27tyZNmiSXy6Xu3btrz549+ZZ74YUXtHHjRs2dO1eTJk1Senq6ZsyYUeh2Dx48KOnE50K1atW0
YsUKSdJHH32kpk2bqmHDhvmWK46aNWtq4cKFuvXWW3XllVdq4cKFevrpp8+6zhdffKHXXntNTz75pN5
//30dP35ccXFxZ11n//
796t27t7Zt26Zx48apW7duGjFihN566y1JJ5p0XX755Ro7dqwk+QugiRMnyhhzzvXz7N27V4mJierUq
ZOeffbZYj8uKDtoUgUAhcjrx7F9+3aOwiFoLr/8cv/wrVdffbXatWuXb/
6xY8f08ssvq27dumrdurXGjBmjevXqadKkSTLG6L777tMrr7yiHTt2FKmT9NixYxUdHa3p06dry5Yta
tasmeLj4wtd/tQj9JJUrVq1Ape77LLLtGjRIg0cOFD9+vVTRESEOnbsqCeeeML/4/
ujjz7S6tWrNXnyZPXt21eSVKtWLQ0aNEgPPvigdu/erb179+rRRx/1H8m///77/
fvYvHmz6tSpo4EDB0qSbrvttrPe13Xr1um9997TzJkz1aNHD0lS586d1axZM02fPt3/
A1o60Zxy9uzZCg8PV2RkpK699lpt3ry50G3nFRJut1sdO3bUhx9+qD//
+c9atWqVYmJidMkll0iSDhw44L//RVWua4vCAAAgAElEQVSpUiW1a9dO8+bN0/fff3/
Ga6Qg2dnZmjdvnr+AHDhwoPr3769169b5z6idbvbs2Tpw4IAWL16sxo0bSzrRJ2fq1Knq1q2bKlWqpK
efflr33HOPMjIy9OSTT8rj8ahp06YBrZ9nz549euyxxzRo0KBiPR4oezjDAQCFaNiwoX7zm9/
ok08+cToKyrGwsDDVrVvXf/uSSy5RvXr1ZIyR9L8f/keOHCnSdmvXrq1Ro0bp2Wef1Ztvvql//etf/
m2e7tdff1XDhg3z/Z3ahOd0jRo10pIlS/
TCCy+oc+fOWrZsmWJjY7Vx40ZJ8vdp6NSpk3+dG264QYcPH9bGjRvVpEkTRUZGasKECUpNTT3jLMRtt
92mHTt2aPDgwVqxYkWho8nl+eCDDyTJ36dEkqpWraqWLVueMfhD7dq1FR7+v+OxERERysrKKnTbeQVH
tWrV1LFjR38zzLyCo0aNGpKkn3/++awZS1tYWFi+s1XXXHONJJ31eh2rVq1So0aN/
MWCJEVFRWnt2rX+oviWW27R73//e/
Xp00fGGI0cObJI6+fp3bt3ye4gyhQKDgA4i7Zt257RjwMIFZ06ddIvv/yi+vXr+49SF6Rq1ap6+

AI VOID [https://aivoid.dev]

Setting Up Ai Ready Terminal Environment 246



+238/0FMmBCt27dNHv2bGVkZCgzM1NTpkyR9L+zJS1atJDb7Zbb7dZ1110nSfr+++/
lcrk0b9483X777Zo3b56ioqI0cOBA/2hPPXv21PPPP6/MzEz169dPbdq0OWNI2lPlNTc7vR9J9erV/
X0uiuvgwYNyuVy66KKL1LlzZ+3Zs0dvvvmm9u7dqw4dOsjtdvuXc1LefT9bjszMTH399df+58Ttdisx
MVE5OTn5+vZ06NBBv/
zyi1q1aqWLLrqoyOtXqFDBX4ihfKBJFQCcRUxMjP9HEhBqHnzwQd188836z3/+o0mTJuU7Wn26Nm3aF
Hs/TZo0UVRUlP773/9KkurVqydJmj9/
vipVqpRv2auvvlqS1KBBA40fP16S9Mknn6hfv34aM2aMpk2bJmOMevXqpV69eunw4cN65JFHFB8fr8j
ISDVp0uSM/
eft7+eff9all17qn37o0CHVrFmz2Pcrb5t5ZxLq16+vyMhITZw4UW3btlXVqlUVERHhX85JeUXXZZdd
VugydevW1TXXXKMJEyacMS9vvUOHDmnChAm6+
+679frrrysjI0Pt27cPeH2UTxQcAHAW7du31wMPPKBvvvmm2O2vgXPJu15Ebm5uqWwvIiIiXxOWzMzM
M5oFvfrqq1q5cqU++ugjvfXWW3riiSf0hz/
8IV9zmOLYvXu3jhw5km87ubm52rdvn79oybtmRMWKFQPqj9CmTRu1bdu2wOviXHTRRYqLi9PMmTO1Zc
uWAguOvL4tq1evVvfu3SWdaCa2fv16fx+S4jpw4EC+/
iwdO3bU9OnTNXz4cEknmja53e58ZxYCeX4KEh4eHvBrxFqrnJwcf/OwvKahN9xwQ6HrtGrVSh9+
+KGioqLynbk41aOPPqqqVatq2rRp+vXXXzV8+HBlZGSoUqVKAa2P8okmVQBwFs2bN1ft2rX9bcCBYKh
bt65q166td955Rx9++GGJLwDYtGlTbd68WUePHtWuXbs0aNAghYWF+ecfOnRIjzzyiOLi4nTVVVfJ6/
Wqbt26GjZsWEnviqZOnapbb71VSUlJ/vvy5z//2T8MrnTih+3tt9+uv//
973rnnXe0cuVKjRkzRr169ZJ0oi9Au3btlJSUpOXLl2v+/
Pl677331KlTJ1lrde+992rIkCH+oumZZ57RJZdcUmin+datW+v222/X8OHDlZycrAULFui+++6TMUZ/
+ctfSnR/f/rpp3zNg7p27aqOHTsqNjbWP+3SSy/Nd4bjXM+PdOKMwMGDB/X+++/
7h5xt2rSpvvrqK7399ttasGCBDh8+XGiunJwcJSQkaMWKFVq2bJmeeeYZxcbG+pvOXXzxxbrooou0fv
16ffPNN5Kk/
v37q2rVqkpISNDKlSu1bNkyxcfH65lnnpF0Ysjb2bNna9SoUapQoYIefvhh7dy5U5MnTw5ofZRfFBwA
cBYul8s/PC4QLOHh4UpJSdGOHTt05513lnio0JEjR6pZs2a6+uqrdcstt6h79+5q2bKlf/7YsWN1/
PhxPfjgg5JOHHEfOXKkVq1apXnz5pVo33mjD/3f//2f/
vznP2v48OG67LLL9O677+brJ5Kamqo2bdro73//u+6//35t2bLFPxLVjTfeqL///e/
69NNPFR8fr+nTp2vMmDEaO3asjDFKSkqS2+3W1KlT5fF4VKlSJS1atEiXX355oblSU1MVGxurqVOnKi
4uTgcOHNCrr76ar0N+cRw4cCBf35B27drp9ddfz/d4V69ePd/Vxs/1/Egnhkt2u93q2bOn/
8xOv3791KdPH/3lL3/R4MGDtX79+kJzVahQQR07dtTIkSOVkJCgG264QcnJyf75LpdLgwYN0ty5c/
3X/7j44ou1ePFi/xC6Q4cOlbVWXbt2VU5Ojv72t7/ppptu0l133SXpREf0vGGGv/3227Ouj/
Kt4OEoAKCcstYOkDTt1GnPPvuspkyZou3bt59t1S7GmHeCGg5Bk5KS0r1mzZpzO3bsGHqXwka5M2nSJ
D311FMlvohjKNu/f78+
+uijTf369WvhdJbygD4cAHAOt956qzZu3KijR4/6O4ACAIDAUHAAwDk0bdpU6enpTscAAKBMouAAAAA
IIT179vSPBAZcCCg4AAAAQsjll19+1g70wPnGKFUAAAAAgoYzHACQX46kYwXNyM3NrRAWFpYjyRayHg
AAOA1nOADgFMaYNGNMpYL+Bg4c+FlCQsINhcxf5nR2AAAuRBQcAAAAAIKGggMAAABA0FBwAECAfD7fD
z6fz+d0DgAAyhI6jQNAgFwuVy1rLQdqAAAoAr44AQAAAAQNBQcAAACAoKHgAAAAABA0FBwAAAAAgoaC
AwAAAEDQUHAAAAAACBoKDgAIkLX2C67DAQBA0VBwAECAjDFNXC4Xn5sAABQBX5wAAAAAgoYrjQNA4Gx
YWJhxOgSC45dffqn06aefHnc6B4DgO3r0qLHWOh2j3KDgAIDAWZ/PR8ERgowxW7KyskZ/
+eWXTkfBebZnz57B1apVW1i1atVvnc6C88ta+53TGcoLCg4AQLnn8Xh2SprodA6cf16vt+fu3bvnpaW
lfex0FiBU0YcDAAJHkyoAAIqIggMAAABA0FBwAEDgvszOzuY6HAAAFAEFBwAE7rcVKlQIczoEAABlCQ
UHAAAot6y1P+fk5OQ6nQMIZRQcAACg3DLGXBIeHs6ZSyCIKDgAAEC5Za39OiwsLMfpHEAoo+AAAADll
jGmUW5uLtclA4KIggMAAABA0FBwAECArLVfHT9+nM6lQAgxxuw2xvC+BoKIggMAAmSMuYphcYHQYq2t
b63lfQ0EEQUHAATO+nw+43QIAKXKhoWF8b4GgoiCAwAAlGe+nJwcfg8BQcQbDAACx5FQIPR8k5ubSx8
OIIgoOAAAQLlljGlQsWJFhsUFgoiCAwACRx8OAACKiIIDAAJkrd1trfU5nQMAgLKEggMAAmSMqRceHs
7wmUAIsdb+xIEEILhoswgAAbIn0KQKCC2XcB0OILg4wwEAAMozRp8DgoyCAwACZIyh0zgQYqy1vK+BI
KPgAAAA5dnu48eP04cDCCIKDgAIkDGGphdAiGEwCCD46DQOAAGy1n7h8/
lynM4BoGistfdJmneWRTqlpqYWNP0+Y8wrwUkFlB+c4QCAwDUOCwur6HQIAADKEs5wAECAGBYXAICi4
wwHAASIUaqAsm358uX68MMPnY4BlDuc4QCAwPmMMRyoAcqoF198UYcOHVK7du2cjgKUK3xxAkDgGKUK
KMNiYmK0cuVK+XwFj4K7a9cuxcbGyhijzz777DynA0IXBQcABMhauz83N9c6nQNA8XTo0EH79u3Tpk2
bzpg3a9YstWjRQmvWrHEgGRDaKDgAIEDGGLckxusHyqiGDRuqcePGysjIyDc9IyNDcXFx6tOnjwoZHh
dACVBwAEDgfOJzEyjT2rdvr5UrV54xbcWKFUpKSlKVKlUcSgaELr44ASBw9OEAyrjC+nF06NDBoURA6
KPgAIAAWWsZFhco4/
L6cWzfvt3pKEC5QcEBAAFyuVwMiwuUcQ0bNtRvfvMbffLJJ05HAcoNvjgBIEDW2l0+ny/
H6RwASqZt27Zn9OMAEDwUHAAQIGttPWNMJadzACiZmJiYM0aqAhA8FBwAECBjjLXW0ocDKOPat2+vL7
/
8Ut98843TUYBygYIDAAJHHw4gBDRv3ly1a9fWBx984HQUoFzgixMAAmddLhdnOIAyzuVy+YfHBRB8FB
wAEDhfbm4un5tACCisH0e3bt1krdW1117rQCogNIU7HQAAygpjzK/
GGOt0DgAld+utt2rjxo06evSoIiIinI4DhDQKDgAIkM/
nqySpgtM5AJRc06ZNlZ6e7nQMoFygaQAABIgL/
wEAUHSc4QCAAPl8vlxJYU7nAACgLOFIHQAELtvpAAAAlDWc4QCAABljwowxfG4CZc8xSVkFzcjNza1o
jPG5XK6cAmZzkAEoBXxxAkDgGBYXKIOMMa9LqlLQPK/
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Xm+Tz+bakpaWlnOdYQLnBFycABI5O40CIsdYal8tV0ekcQCjjixMAAmSt9YnPTSCkGGNyrbUMBgEEEV
+cABAgY8w+n8931OkcAEqPtTZLks/
pHEAoow8HAATIWusOCwu72OkcAEqPMSZMEpcaB4KIMxwAECCaXgAhyWet5fcQEES8wQAgcFz4Dwg99M
0CgowmVQAQIJ/
Pd1CMyw+EFGvtAWPMMadzAKGMggMAAuRyuapaa6s5nQNA6THG0C8LCDJOIQJAgIwxOVxpHAgt1lqaSg
JBxhcnAATIWntANKkCQoox5idjzEVO5wBCGQUHAATuYmttVadDAChVVay1bqdDAKGMJlUAECBrrc8Yw
+cmEEJoUgUEH2c4ACBAJ5tUVXI6B4BS9bO1torTIYBQRsEBAAFyuVwXG2MYpQoIIcaYKtbaWk7nAEIZ
TQMAIEDW2l9zc3MZrx8IIT6fL8sYc9TpHEAo4wwHAATo5JC4jNkPhJCT/bKqO50DCGXG6QAAcCGLj4/
fEBYWZn0+XwVJNU4WHbt04oBNxdTU1KbOJgRQVAkJCWt14j0cboypYa2NkPSNMSbMWlslLS2ticMRgZ
DCGQ4AOAtjzCGfz9fe5crXArWWJPl8vs3OpAJQEtbag8aY2Lz3tTFGki49OW+Hg9GAkEQfDgA4i5ycn
AnGmP2nT7fWZvt8vmQnMgEoGWvtU5L2nD7d5/PlSJp7/
hMBoY2CAwDOYtasWYuttRsLmLUzPDx85nkPBKDEZsyYsdwYs/
b06caYnceOHZviRCYglFFwAMA5+Hy+p621B/
NuW2uPGWNmp6SkHHEyF4Diy83Nfcrn8+3Lu33yAoCvzZkz54CDsYCQRMEBAOcwY8aMdyX5j4YaY7b/
8MMP0x2MBKCEZsyYsdrlcq0+ZdLO3Nxczm4AQUDBAQABMMaMl7THWpvr8/
leffPNN392OhOAkjl27NgT1tpvfT6ftdYumjFjxvdOZwJCEcPiAshn+vTpL1lrrzfG1JAUdvp8a601J
4d0OW267+R49qffzlEBI+JZa3ONMWds/+S8HGNMeN6/
p22jwO0VNu+UbeT7fyH7LSxTrqSwnJycaj6fz1WhQoVMY4yvsO2c3FZBj5NPZx7oyVUBj3Mhcq21yst
Y2HMR6LYK2O/ZHtuzOWit/
T47O3vA0KFDvyhmnnJhypQp3V0u1z9cLtdlkmoEsMrpz1NBz1tBr6uCthHoay2g5U++/
nwB5Dvne684y1prfZJMUd4DBW07Nzf3Yp/PF16hQoVDOvFYnrq8lZQbaPZT9iEF+F469bMzkPt+
+mftKXJ14ned67TlA96mMcZaa4v7mVLo50cRntNsSYestR8NHDjQU8wcuABRcACQJKWlpbmttd+Hh4d
XrFatmsnNzZXPd9bf1GdljNHJH8c68Z1d/
HVP3cbZtlfQvEDXDSSPJLlcrhI9LmfbdiDLSirWfQhkv8V9fCpWrKgjR47YI0eOqEKFCmlxcXHeEgcM
QdOmTVscHh4ee9FFF4VFREQoOzv7vOy3qO/Foix/
+jKFrVPc11ZpK06+omYvyfu0JI+T0499aTyG4eEnapLMzEzf8ePHsxMTE6uUakg4hoIDgJKTk6+Q9PV
NN90UVq9ePafjoAx74403bG5u7nyv1/
tHp7NcSJKTk1dWrFjxph49evC9CwRgx44d2rBhw3GPx1PZGJPrdB6UDH04AMhau+W6666j2ECJ/
f73vzfW2j9MnjyZguOk5OTkCeHh4W0oNoDA/
fa3v1XDhg0rJCcn7zv30rjQUXAA5dy0adNGhoeHV4qMjHQ6CkLEZZdd5qpcufI4p3NcKIwx99evX7+C
0zmAsqZVq1YyxlRPSUm53eksKBkKDgAdK1asGGinZeCcLrnkEmOMqeV0jguFz+erXqsWDwdQHBUrVrQ
5OTl/
cDoHSoaCAyjnrLU1jh8/7nQMhBBrray1Fzud4wISUZoDDQDlSU5OTnhYWNglTudAyVBwAAAAAAgaCg4
AAAAAQUPBAQAoVSebVDkdAwBwgaDgAMo5Y8zx4l+sGjiTMUaMm5+Pj/
cYUDzGGOvz+Y45nQMlQ8EBlHPW2gocjUYQMPLZ/
7h4jwHFY601LperotM5UDIUHAAsR1+B4DHG8B4DUK5RcAAwHH0Fgsday3sMQLlGwQEgh6OvKG2WX9gA
SofPWkufsDKOggNAOL8NUZroNJ4fTaqAEjGS+JIq4yg4gHKOUapQ2k4WsOFO57hQ0KQKKBFjjOHzpIy
j4ADKOUapAgBcwKwkn9MhUDIUHEA5xxkOBIPP5+MHwv/QpAooPiN+r5Z5PIEAUEb85z//
0bJly5yOERCXy8X3y/8EvUnV3r17lZqaqh9+
+CGo+wEcYOk0XvbxhQCUc+erSdXatWu1cOHCEm9nyZIlGjp0qP/
20aNHNXz4cL333nsl3vb5tHPnTqWnpxdpnVmzZmnu3LmOZgjEyaP5/ED4n6C/
wV544QU9+OCDeuGFF4K9K0lnvg9xfmVkZMjj8Zx1mY8//lh33XWX6tWrp/
r166t79+7q3bv3eUoI5EfBAaDEcnNzlZKSojvvvFMNGjRQu3btNG7cOGVlZfmXefrpp0vlx9CHH36op
UuX+m9nZ2crPT1d33//
fYm3LUnbt2+X2+2W2+1WnTp1FB0drfj4eGVkZJTK9vO8+eabGjVqVJHWWb16tdq2beu/HRcX58966l/
r1q2DliEQJwtYrjR+Umk0pzp06JDGjh2rDh06qFGjRoqNjdWLL77on9+7d2/94x//OG8/KE9/
H0pSZmamdu3adV72f6E4duyYatWqpaSkpHzTY2NjVa9ePR0/ftw/bdu2bXK73Vq7dm2J97t+/
fqzHsDJzMxUr169VKNGDc2ZM0dz585VRESEPvrooxLv2wHGGMPnSRlHr3+gnCuN4UuHDh2qhQsX6v77
79fAgQO1detWzZ07V7Vq1dKAAQNKI+Z5N2zYMMXExOjTTz/Vu++
+q7vvvlvz589Xp06dHMnz3//+V1999ZVuvPFG/7QRI0YoPj7ef/
vYsWOKi4vT1Vdf7UREFMJaW6KKIysrS127dlVWVpb69u2rxo0ba82aNRozZoyaNm2q66+/
XvXr19fw4cNLK3KxdOjQQZ07d9bTTz/taI7zqWLFimrevLm2b9/
un3b8+HFt2LBBOTk52rhxo1q1aiXpRMEhSc2aNQt6rh07dujQoUNKSEjQTTfdJElatWqV1q1bF/
R9AwWh4ADKOWttiY4cHTx4UC+++KJGjhypESNGSJK6dOmi/
v37q1q1aqWS0QlXXXWVOnTooA4dOuivf/
2rWrZsqZdfftmxgmPVqlWqVatWvh8r11xzTb5lJk6cqKNHj+qhhx463/
EKQqfxUrJs2TJt3bpVCxYsUExMjCSpW7duGjZsmKpXr+5wOjRt2lRbt2713968ebPCw8N17bXXatOmT
fkKjqZNm6pKlSpBz3TkyBFJJwoi4EJAkyoAJZLX/
yMnJyff9OrVqxfYlOS1115TmzZt1LhxY40aNUrZ2dn55q9du1Z9+vRRo0aNFB0drVmzZgUte6DCw8Pl
crnyNRFbtGiR+vbtq9/97ndq1KiRevfurU2bNvnnZ2dna+DAgWrdurUaNGig2NhYPffcczp98KZt27Y
pNjZWDRo0UN++fbV79+4CM3z66ae6/vrrVVhf7L179yopKUn9+/dXZGRkUDIUEd8v/
1OiUarynq+C3mN5Pv74Y7ndbn388cf+affcc49Gjx6tZ555RlFRUYqMjNTo0aO1e/
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du9ezZUw0bNtSdd97pP/IunWi65Xa7NXv2bP+0zZs3y+1269133y0w3/z58+V2u/
Xtt98qLS1NbrdbTzzxhCTp888/14ABA3TrrbeqQYMG6tKlixYsWJBv/UmTJunmm2/
WokWLdPPNNxf6Ogzks+Htt9/WH//
4RzVq1EitW7fW+PHj873eFy9eLLfbne+MRHJystxutw4fPuyfNnnyZHXo0EFXXHGFbrzxRo0YMUKZmZ
kF3v+mTZvq888/9+9n06ZNuv7663XDDTdow4YN/
uW2bduW74BBZmamRo8erfbt2+vKK69U9+7dtWXLlnzbznsO58+frxtvvFEJCQkFZtiwYYPq1aunqVOn
asSIEbrzzjslSbfddpvcbrfWr19f4HrnyjBq1Chdf/31/
tvffPON3G637rvvPv+0N954Q263W5mZmfrqq6907733qlmzZrr66qt19913a/
HixQXuuwjoNB4C+EIAyjljTJbL5Sp2p9ZLL71UHTt21MSJEzV16tSzjpKzbds2vfHGG3rooYc0cuRIp
aena8aMGf75+/fvV+/evbVt2zaNGzdO3bp104gRI/TWW28VN16pmDhxonbt2qU//elP/
mlXXHGFOnXqpMcff1zPPPOMsrKylJiY6P/
RMX36dC1atEhxcXFKSUlRdHS0lixZku9HY25urkaNGqW+fftq8uTJ2rp1a6F9Kv7zn//
ohhtuKDTjuHHjFBYWpgcffNA/rbQzFIW1ljMcJxljVJKBGaKjo1WnTh0NGjRICxcu1K+//
hrwunPnztXnn3+u119/
XT179tS0adPUq1cv3XbbbVq+fLkyMzM1bNiwYmeTTjSlWrhwoerUqaM77rjD37xSkurWrauoqCgNHjx
YycnJioyMVGJior799tt829i2bZsmTJighx9+WIsXL9a2bdvyvQ4D+WxYs2aN7r//
flWpUkXPPvus7r33Xk2bNk3jxo0r0v1Zu3atxo0bp3bt2iktLU29evXSJ598ogMHDhS4fLNmzZSVlaW
dO3dKkjZu3KgWLVqoRYsW+QqOrVu3qmnTpv7bHo9H8+fPV+/evTVp0iS5XC51795de/
bsybf91atX68knn9SwYcPUv3//M/Z/8OBBxcXFqXPnzho4cKC8Xq+efPJJSdK//
vUvLVy4sNBmXOfKcP311+vbb7/VTz/9JOlEYXPJJZfku1+fffaZrrvuOlWrVk2jR4/
Wd999p3/84x965plnVKdOHa1YseJcD3kguFhUGUeTKqCcs9ZW9vl8JWpjPnv2bI0cOVJjxozRmDFj1L
JlSz300ENq3759vuUqVKig9PR0RURESDrxY2jz5s35tnPgwAEtXrxYjRs3lnSi/
frUqVPVrVu3Yuc7evSojh07lm/auZp7DRo0SIMGDZJ0olnC6NGjddttt/nnN2/eXM2bN8+3vT/+8Y/
6+uuv9dvf/labN29WnTp1NHDgQEnKt24en8+np556yt/nYt26dQUWVz/
99JM2bdqkRx99tMCs69at08svv6ynnnpKl1xyiX96aWYoKmMMB7ROUZIzHJdddpkWLVqkgQMHql+/
foqIiFDHjh31xBNPqGHDhmddt0GDBkpNTVV4eLj69u2rqVOnqkePHv4Rjrp06aLnnntO1tpiZ6xVq5Z
q1aqlSpUqqXbt2mrXrp1/
Xo0aNfL144qJidGcOXOUkZGhPn36+KcfO3ZMr776qurWrStJ6ty5c77XYSCfDZMnT1ZkZKRmzpwpSer
evbuMMZo8ebKGDBkit9sd0P3JO1M5cOBA1a9fX7GxsRo8eHChy+d9DnzxxRe66qqrtGHDBnm9XjVt2l
SfffaZsrKy5PP59OWXX+raa6+VdOJ99t5772nmzJnq0aOH/z43a9ZM06dP19ixY/
3b37Bhg5YuXXrGAQdjjHw+nzwejyIiIvT8889Lkn77299q7969kqRrr7220EEkAsnQsmVLSSeKqI4dO
2rjxo3q2bOn0tLStHv3btWvX1+bN29WVFSUf7kuXbroz3/+syT5t1tCXGk8BPCFAJRzpXHhv4svvljP
P/+8VqxYob59+2rnzp266667zhjC9aqrrvIXG5JUpUqVfM2UVq1apUaNGvl/
UEhSVFSU1q5dm2+0l6KaMGGCGjZsmO/vXIYNG6aFCxdq5syZ+tOf/qTHH39cEydO9M/
Pzs7WU089pRtvvFG1atXSH//4R0nSL7/8IunEj/
sdO3Zo8ODBWrFixRnNmKQTBdipHbwrV65c4NHr1atXKyIiwt8W/FTWWv3jH/
9QkyZN8nUgL+0MKD5rbYmvw9GoUSMtWbJEL7zwgjp37qxly5YpNjZWGzduPOt6tWvXVnj4id9qeU2w6
tWr559frVo1ZWVlKTc3eC1WXn31VXXu3FlXXHGFLr/8ckn/e5/
kCQsL8xcb0pmvw3N9NuTm5mrZsmX+Pi55oqOjdeTIEf3nP/8JOG/
nzp3lcrk0cOBAvf766+d8P1SvXl1XXnmlvvjiC2VlZWnLli2KiopS06ZNFRERofXr1+vzzz+XJP8Zjg
8+
+ECS8uWtWoiRePoAACAASURBVLWqWrZsqTVr1uTbfosWLQo9uzlhwgStW7dOs2bN0kUXXRTwfQw0Q6N
GjeR2u/3NrDZu3Kg2bdqoWbNm/tfehg0b/Pluv/12/d///
Z8mTJhwRvMwlG8UHABKTfPmzTV58mR9+umnatq0qb8dd6AyMzP19ddf5xviNTExUTk5Odq3b1+xc8XF
xentt9/2/y1ZsuSc61x11VVq166devTooX/9619KTEzU+PHj/
UcOBwwYoNdee02jRo3Sjh079MYbb+Rbv2fPnnr++eeVmZmpfv36qU2bNme0XQ/
URx99pFatWuUr1vK89NJLWr9+vcaPH6+wsPz9/0szQzHQBCIIunXrptmzZysjI0OZmZmaMmWK05HOKi
0tTQMGDFCfPn308ccfF/vChOf6bDh8+LCOHz+ui/+fvTsPj6o6/
wD+fc9MNnYQXKhaXACVRXZckMUFq1KqlSgWwTBz75kQKlVbq+3PVmutrbbaugXm3EmICNYatVp3rIiy
74Kgglp3qKIsVrZk7nl/f8wdDEsgy0zuJDmf55lHGTL3fidkJvPec857Wrfe53HJEb/atM0+/
vjj8cwzz+D444/
H7bffjl69euGuu+465LS4Xr164b333sOaNWuQl5eH7t27IysrC3369MGaNWvw7rvvomPHjnuLquQUpf
0X/bdt2xafffbZPvd17Nix2vN+++23ICK0bNmyxs8vqaYZzjzzTKxduxZaa6xYsQK9e/
dGr1698NZbb+Gzzz7DV199tXeE4/
bbb8f111+PJUuWYMSIERg9evQ+a9vqyKzhaALMEJVhNHPp2PivdevWuOCCC3Dffffh22+/
rfGVt2OOOQannnoq7rrrrgP+rlOnTnXOc/
zxx+P444+v8+OB7zpCffrpp9i5cyeeeeYZ3HrrrRg1atRBv56IcNVVV+Gqq67Ct99+i1tvvRXhcBinn
HIKunfvXqtzL168+KDTof73v//
hzjvvxAUXXIDzzjsvrRnqoP6bTzQdTKnYjKOK7t27o0+fPvjkk09SediUe+ihhzBy5EhMmDABwIEL32
vqcO8NOTk5aNOmzQELu7dt2wYgMbWrNs4+
+2ycffbZ0Fpj5syZuO6669C5c+d9poFVddppp2H27NlYvXr1Ps0dTj/9dKxevRodO3bcZ/
F1cpRp27ZtOOKII/
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bev3379kMWGPv7zW9+g9mzZ6OoqAjPPPNMrabF1TRDv3798PTTT+9daN+1a1f06tULCxcuxJo1a5Cbm
4tevXoBAFq1aoXrr78e119/PT777DNIKTFhwgSsWrWqXtMKq2uWYTQe5l/QMJo5IqrbJwCP67qYN2/
eAfdv2rQJnTt3rtUw/4ABA7Bx40b06dMHQ4YM2eeWk5NTn5j1lrxKd/
LJJ2Pz5s0AEvPjk9auXVvtY1u1aoWJEydCa13raQbJ9RtnnnnmAX/
317/+FV999dXeBaKHUp8MdcENsX1941GvKVWff/
453nvvvX3uc10XX3zxBU444YT6ZttH8nVWdQpjTUclsrKy9pmaxczYtGnTPq+Tul7trsl7wxlnnIFFi
xbt87jkdMTkupLkKGHVwif5ej4YIQQmTJiADh06HDJ7sjXu6tWr91nb1atXL6xevXpvS9yk5LqKqnl3
7NiBFStWHDAt7FByc3Px4IMPYuHChSguLq7x42qToX///njnnXewfPnyvY/
p1asXVq1ahXXr1mHQoEEHLQiOPfZYXHrppfjkk08OmEJXS1Tf9u2G/8wIh2E0c/
VZLAok2lBOmDAB4XAYo0aNQiAQwGuvvYbHH3/8gN13DycUCsFxHFiWhcmTJ6OiogKPPvooTjnllL2bm
nXq1AlbtmzBnDlzMGLECLRu3RqtWrXCihUrMGzYsBqtz6iJDz74APPnz8fHH3+MJUuWYObMmZg0aRLa
t2+Prl27onXr1pg5cyaOOOIIrF+/
fu8v+6VLl6JPnz648sorcfTRR2PIkCE45phjEIvF0K5duxrvAp5U3fqNzz77DNFoFCNGjMDGjRv3mTK
Sl5eHfv36pSyDUW+Meoz4FBcXY+bMmbjhhhvQv39/
aK0xdepUbN68GVOmTElhzMQH2NNOOw3Lli1DKBTCunXrcOuttx7wdfu/
DokIPXr0wKJFizBv3jxs374do0aNQv/+/fHSSy9h5MiR2LJlC+677z60bdsWy5cvh9a6xleua/
Le8POf/xyXXHIJwuEwLr/8cqxduxb33XcfpJR7Rzi6d+
+OYDCIpUuX4qSTTsKcOXNQUlKyz7nuueceLFiwAKNGjULXrl2xcOFCbNmyBcOHD682X8+ePbFr1y68+
OKL+Mtf/rL3/
j59+mDDhg348ssv99kFfuDAgbjoootw44034vPPP8fRRx+NWCwGIsKkSZNq9D1JFrGDBw9GYWHh3tHO
6jb+7NixI3bu3Il///vfGD58eI0z9OnTB/F4HLNmzdq78Wjv3r2xceNGvPrqqxg8eDCARCexH/
3oRxg5ciQGDx6MrKwsPPzww+jXr1+99mRiZnMBowkwIxyGYQTr814+atQozJgxA2vXrkUkEoFlWfjgg
w8wffr0aqcfVKd169Z44YUXUFlZiYkTJ+K6664DM+Piiy/
e+zX5+fno0KEDxowZgzVr1kAIgcmTJ2PmzJnVdnGqi3vvvRejR4/GHXfcgf/
85z9QSuGOO+4AAHTo0AGzZs3Czp07cfXVV+Pxxx/Ho48+it///
vdYvnw5iAj33XcfOnTogOLiYti2jZycHDz33HN7F83WVHXrNz744APs2rULs2fPxujRo/e5/
e53v0tphrpI9RSixoyI6lXU//
73v8fkyZPx5JNP4uqrr8aNN96ITp06Yfbs2ftcNU+V4uJifPrppzjyyCMRiUTw4IMPHlAY7P86BIA77
rgDxx13HMaMGYNbbrkFmzdvxtSpU9G3b1/Yto17770XkydPRiwWw6effnpA57hDqcl7w8CBA/GPf/
wDH3/8MaSUuOeee3DNNdfssxHm9773PUSjUUSjURxzzDF4+OGHcf/
99+9zrqKiIowcORLPPPMMJkyYgCVLluDvf//
7ITvldenSBa1bt8a2bdv2GeE45ZRTkJubi23bth3QmtZxHIwcORLFxcWYOHEivv766306ddXGLbfcgs
6dO2PSpEnVTlsbPXo0OnXqhCuuuAKrVq2qcYY2bdqgd+/
eWLJkyd6pU23atEG3bt2wdOnSvVPFOnbsiAcffBBbtmzBL37xC/zqV7/C8OHD8Y9//KPWz6cq7/
Vj3k8aOfMPaBjNXHFx8aKcnJxBl112mbkAkYHOP/
98XHjhhXuv4jYGq1atwvvvv+9GIhEzig5g2rRpPGDAAJx44ol+RzGMRufJJ59krfVTkUhkjN9ZjLozH
zAMwzDvAxlKa43TTz8d5557rt9RjHqo77RFwzCMxs5cfTKMZk4IYdoNZighBO655x6/
Y9SJmXL9nfruNG4YzRwTkfk91ciZK5uG0cxprdlcfTXSwHzCNgwjJbTW5pdUI2dGOAzDqNeiccOoqVA
oNEQIcSmAC4joeMdxarc5QuNVry5VhtHMERGZC+SNnCk4DKOZI6JdgUDAVBxGSiW7ykgpRwAYrbW+gI
iOZOZOQggws/
Y5YoOpb5cqwzCMxs4UHIbRzDFznuu65tOQkXKWZX2gtW5NRJ2SbVWTH7y11vXaCawxYeZ6bfxnGM0cN
6cLFE2VKTgMo5kjol3m6quRDsy8TAhx0cF+vogoIKX8OTOvF0Ksj0aj7x3kEIZhGGZKVRNgCg7DaOaY
Oc9cfTXSoaSkZGw4HI4Q0f8BOG6/
zeN2ENHRAIYxc3cpZVcA6wFsALCemd8TQqx3XXd9LBb7wof4hmEYRoqYgsMwmjkiqjQjHEaqMTNJKYs
BvBmPx39GRD/XWg8UQmRrrRGLxY7e/
zGhUKh7VlZWN611dyIawMzjhBDdpZR5zLyeiDYA2EBEG7TW64log1JqZ8M/
O8MwGgoRaWY2bXEbOVNwGEYzM378+JYtWrToz8z9AfTbuXNnv+zsbFNxGCnjFbCamdcQUb9AINCXiPp
qrbdqrdswc66UckRFRcWqsrKybcnHlZaWrkdilOPZqscbN25cmxYtWnRn5m5CiG7MfCkRdQfQTUq5Bc
B6rwjZAGCD67rrS0tL/9OAT/mQiIjJVPWGUSfMTOb10/iZgsMwmrD9iwsA/
QEcx8wrmHkFgJdyc3NPI6I+MG07jRTxdtYmx3GmVb0/
HA73rKiouDInJ+c6IrolOzu7r5RyG4BVAN5k5lWBQGDVtGnTPq/
6uFmzZn0DYJl324dlWccGAoHuzNyNiLox88hgMNhdSvl9JIqX9fBGReLx+IZAILBeKfVV2p78QXgfmB
rylIbRlBDMvnGNnik4DKOJKCoqauW6br9DFRdE9Ael1LtVH1dcXFwEs0mb0QBKSkrWAlgL4DfJ+woLC
7u4rttXCNEHgNRa95VSZsMrQAC86bruKm/04wCxWOwzAJ8BeLXq/
fn5+YEOHTp011p3B9ANwJBAIBAC0F1KGcB360U2JKdrbd26dX15eXlFGp46tDZNdgzDaL5MwWEYjVAo
FGothOgvhNhbXMTj8c4AVh6quDgYIjKbkhm+mTZt2kcAPgLwz+R9EydO7BQIBPoIIfoy8+hgMHirlPJ
4Zl5FRKu01m8CePPYY49dddtttx30k3x5ebkL4G3vto9Jkya1r6ys7A6gmxCiG4CxALq1b9+
+u5RyExGt11rvXSvCzBtKSko+Tv2zNwzDaB5MwWEYGU5K2VZr3Z+I+gHoR0T9ARwNYAURrXBd9zki+p
3jOBvqcnxmzjJdqoxMMn369M0AXvFuAID8/
Py8du3a9QXQVwhxBoDCjRs39pVSrk0WIUKIVZWVlatKS0sPucfH1KlTtwJY7N32EQ6Hvx8IBLp707O6
CSF+iMRakaPhddACsHe9SFZW1nrveIZhGEY1TMFhGBmkoKCgXU5Ozv5rLjoKIVYgMXrxLyK6NZV7FhC
R6f5hZLzy8vJdABZ6t70sy+othOhLRH2Y+bJgMNhXSvklEutCVmutVwkhVimlNtXkPN5IxscAZle9/9
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prr83Zs2dPN611dyFENyHEuQAKXdftLqWMI1GMLALwFRIFyfpjjz12fXUjMIZhGM2JKTgMwyfhcLgDE
fUXQvQnor5ekdGhypqLp4jo/
5RSH6QzBydWtKbzFEYzpLVukGGzWCy2BsAaAA8n75NSnqS17ktEpwshigD0lVIKJIqQvetCSkpK3q/
peR544IE9AN7ybvuYOHFiJ29q1veFEL2FEBOEEL02btx4opRyOxEhEAjU85kaRvNERDBtcRs/
U3AYRgMIh8MdAoHAgOTIhTctqg28aVHM/
EQ8Hv+VH608hRBbgsGghukCYqRQIBA45LSmdPKK9A8APJG8z7KsowKBQF+tdV8hxJhAIPAHKeUx3nSs
fwP4RAixKhqNrq7t+YiogxCiC7zXNjMPAPAJgFkAPmHmm7TW5vetYdQBEbnMbKYtNnLmDdAwUkxK2ZG
Z+3tFRXJaVBYRrQWwgpkfE0Lc6C2W9d3u3bufDgQCP/A7h9F0fPXVV6y1/sTvHFV5u5W/
5N0AJNpG5+Xl9QXQjYiGMvPPpJS9AawiopXJdSF79uxZVVZWthsAbNvuRkQDAPTzXucDkOiStRzASiJ
6hpmXV92QMBqNXrNx48ZjTzjhhIZ8yobRJFRWVorKysr7/
c5h1I+ZR2EY9TBhwoQj8vLy+jHzIHxXXLQAsAKJ0YuV8Xh8RaZ3uJk2bdo33//+91sPHjzY7yhGE/
D4449zhw4dOl5xxRVb/M5SBySl7ItEQTGciAYCOBHA/wC0ArAViWlVrzHz/
N27dy9/5JFHdhzqgFOnTh0XDAYfvvzyy828KsOohblz5+LLL7/8pLCw8Pt+ZzHqxxQchlFDXivNAUKI
/lWubLZi5sUA3kTi6uYKpVRGXdmtjm3blwO4nIguZ+YXBwwYMPLII4/
MHTZsmHlfMOpk06ZNWLRokSuEOC8UCr3ud57aCIfDJwshBhBR1WlR/
8V3IxdfaK2ziegUJC4u9AWwHd6aEAArd+7cuXLmzJkHXZxeWlp6jda69LzzzhNt27ZtoGdlGI3XnDlz
eNu2bV9bltXJ7yxG/
ZkPFoZxEKFQqHUwGBwAYACAHgCGAGgPYDkRrdBar9BaL8/0kYuqhg8fHuzatesYIvoxgDHM/
CSAJ4noSaVUJQBMmzbtq0Ag0C43N5e11sGDbVbmLeA74H5mRiAQqHaDs+oeVxPeztWH/
HshRJ2Pn8osqc5Tk/MREbTWNTpnTY5XW1lZWe7u3bvhum68srLyNz/96U//
nNITpJiU8iQiGsDMyVHJAQC+ZOZkcbEiHo8vP1x73f02LezHzBrAIGZeCWClEGIVEa1MTp+cNm1aqRD
i6kAgIHJyckRlZWXafgdX/Xc+3GuvLq/N2hz/
UA71fnKon9P6nLM2qjtPTc+fqtdbbZ5vur43yecihKjTRpY1ySWEAID4nj17BDNvjEQix9UtrZFpTMF
hNHv5+fl5bdu2HeBd3Uxe2TyGiJYz83Kt9TKt9Uo/
FnTXV35+fl6HDh0uZ+bLAVzCzE8w81OxWOyJ6h4zderUkDfq0YGIDlhITkQVzJy9//3MHAfgElHOQf7
O9R5b3ZQSF4lF69W9J3HyOER0wNoz7/hc9e+IKM7MwSqPpyr/
3eexRBRgZk2JTwaktc7as2fPSXl5eVU3Tqx6DBwk695je98L7J81ea4qf9b7fY8Ptgkjex9ksyoqKo7
Jycn5/CDPP87MASI64Puz/zm01ntbIVfz71H1eVQSUdYh8iZtdV137eTJk39xkL/
zVSgUOjEQCAzAd80aBiDRunY5gJVa6xW7du1aPmvWrG9ScT7Lso7yRkmSoyD9ALQFsBKJ1tarevToMT
onJ6cTEbU51LEO8f2u+jXuwf4dq/
xcC9d1BTO31Vrnaq3zAORqrfOIaI8QYjcR7RRC7CGi3YFAYBcRxQ93DmaOJ3/
Wkv9f9b7946Ca13Z1j6nuPSP5PTnEuar9nuyfI3kM13XzXNdtlZ2dvbm651ab3Pu9xpNfV/
V1lfy3qS7nAU08Dna+Kj8fVZ8X79q169RgMPh1VlbW5oM97+ruO9jPW9WMruu6gUAgwMx7DvI+v3/
mgx3/
UM8h+ec9Qoit8Xj84cmTJz8Fo8kwBYfR3JCUchCAgQC+B+CHAE4AsJyZl3sdo5bXdRO9TCClbMvMl3s
jGSMAPKm1fjIWiz3jd7bGwrKsZczcyXXdH5SVlR12t/
aGIqW8lYi6RKPRiX5nyUSFhYVd4vH43mmPAE4jot34blrUCm9B9/
aGzDVp0qT2Wut+zNyPmfsCaElEI+CNmLquu5KIVjT0+46U8iQAp+x3OxWJCwDvaK3fEEJsYeZ3iOidx
jJdtLaklJcQUWE0Gv2h31lSweuKeBeA4cz8f47jPO53JsMwBYfRpIXD4Z7BYHAgMw9EosjoR0RLvVGL
ecFgcF00Gn3b75z1JaXsCOByr9AYyMxPeiMZL/
idrbGxbftxAJcycwUzy5KSkkf9zlSVlPIaANcopc71O4ufpJTHe2upTieiM7yRyW+QuHiQbNqwrKGLi
5oqKipqVVFRMUAIUbWbXWdmXiGEWO5XEQIk9hXJzs4+VWt9nDcqdKp36wjgHQDvJIuQeDz+Tmlp6fqG
zphKtm2PBhByHOdSv7OkkldQ/gGJLmy/
jkajLx3uMYaRLqbgMJqMcDj8fSHEYCFEN2Y+H8AgAO8DWMbMy5h5WSwWW+FzzJQpKCg4Ojs7e4xXZPR
IrslwHOfffmdrrGzbvguAJKJ2zAxmVrFYLOJ3rv1ZljVcCFGilDrJ7ywNIRQKdQ4EAgOEEP211gO8hg
27kOgGtxjAatd1l5eUlDTGrlh7FRUVtaqsrEw2pOgHoD8RfQQgy1tfslxrvTwWi33oRz4pZQut9amBQ
OBUZj6ViE5l5lMBdEOVIgTAu1rrtdu3b3+3vLy8wo+stRGJRH7MzD9RSo3xO0s62Lbdh4juBNDSdd1f
l5SULPA7k9H8mILDaJRCoVDrQCAwmIgGM/
NAIhoMYDeAJcw8Vwjx9p49e5Yme+c3FRMnTjwuKytrDDNfLoTYqrX+EIkio1F1BMpEoVCogIj+GAgEj
gaQXBT5ViwW6+1vsoOzLOsEIcR7lZWVJ0yfPv1Tv/
OkSjgc7iCESI5IDvDmfPepOuUxHo8vnz59+ubDHKpJ8PYKGYTE92KAN5LTBolpYsu8BhbLSktLN/
oYkyKRyKla61MBnCqEOAUAmHkMgE+ZeZ0Q4m0AbzPz2zk5Oeu8ndszgpQyn4jGRKPRK/
3Okk6WZZ0jhLgTwHat9a9jsdgavzMZzYcpOIxGIRKJnM7MZxHRIGYeDOB7zLwEwBIkRjCWeBt7NTmhU
OjEYDCYHMk4mpmfQKLIWOh3tqYiHA6fDWBGIBA4ser9WuuPKysrz3v44Yc/
8CnaId12221i48aNHzLzVY3x56GgoCA3GAwOFEIMQmIx90AA7QAsQ+J1vbyysnJpWVnZf30NmmEmTJh
wRE5OzgAAA70pTwMBEBE9r7X+hIiWAliSCdPJpJQnMXMPIjoNQPLWA8DnANYR0Tqt9TtEtK6iouJtPy
4S2bY9FsBox3F+0tDn9oNlWRd7hcc7FRUVvyorK/
vI70xG02cKDiPjWJZ1lBDiTACDAZwJ4EwiKgewnZmTv0gzZiFvOni7GV8KYCyANlWKjGU+R2uSQqHQu
8FgsPv+9zPzN5WVlRPLysoyuluKbduPEtFzSqmMWm+yv0gkcrrWepAQYqB34aArM7/
mXf1eXllZuawxdoPLBFLKY+LxeJ9gMHhmlQszXwBYyszLiGipUmopvuuy5qtQKHRiVlZWD2bu4U3P6o
FEMbIRwJtEtAHA21rrte+9997auXPnxg99xLrz9iQa6DjOzek6RyaKRCJXaq2vIaJPAoHAr6ZOnbrV7
0xG02UKDsN3tm0PJKKqBUYeES3SWi8RQixi5kXJfSKaskgk0pWZrwAwBkCe1vrvRPSM4zhv+p2tObAs
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ay2AowB0JKK9PeO11n8tKSm5we98hxOJRGYy81ql1J/
8zgIkFnVrrfsKIc5G4rU9CMC7AJYiMYKxRCn1lp8ZmzrbtrsJIQZ5004HMfMgJNa9LNFaLyOixZnWkS
8UCp0ohDhFCNEbiQKkp3f7gJnXEtFarfU6IcTaVF14sm27gIiGKqVCqTheYyOllAD+CCDWuXPnX9122
22132TDMA7DFBxGg5JSdtRan01EZxLRkQAmeF1ZFrmuuyQYDC5KbpLVHITD4ZMDgcAVAPIBtGDmx4UQ
T0Sj0dV+Z2uupJSbd+/efUp2dvZCAJ201p+Xlpb28jtXTUQikTtd143HYrHfNuR58/
Pzszt06HAGM5+BRHFxBoBKAM8x80fMvCQvL29pJs3bb64ikcgAb/
RjIDPnEdFIJBbeL2HmJcFgcHEmXukOhULdA4FATyLqicSUrJ4AugJY693WMfNaZl5X20X1tm3bRDRAK
ZVxDSIakpTyRgB/1Fr/
LBaLPeR3HqNpMQWHkVaRSOQ0Zj4LQPLWAcACAIsAvN65c+dlze1qircR2ZVElA+gFYDHiajcFBn+8wr
AvymlRvmdpa7C4fA1wWDwqmg0+oN0ncO27W7MfEYgEBjsFRk9ACxm5sUAlhDRYqXUpnSd30gdb9+eZK
E4mIjOALA5uUbO+7dc6W/
Kg8vPzw906NChp9a6pxCiBzMni5HtSDQReQvAW0S0RgjxVnWFlG3bhUTUTSmV8SOZDUFK+XMAN2utfx
6LxWb4ncdoGkzBYaRMfn5+oHXr1mcGg8Gh+K7A2EhEC7XWCwEszLTh+4ZSWFj4Pa31WCTWZHyGRLeWc
jNdKrNEIpGJzDxEKRX2O0t9SClHAnhIKdW1vse69tprc3bt2nWmEOIsJEYuzgTwNTMvIKLlrusuLikp
WVXf8xiZw7btbkgUH8nRql5EtISZXwDwbmVl5YJM7hJ2/fXX5/3vf/
87nYh6IZG9N4BeAHYAWENEa5h5reu6a0pKStZ6V/Y7KqVu8jV4BpkwYcIRubm59wA4HcANSqnX/
M5kNG6m4DDqrKCgoF1OTs45zDwEwBAAg5j5USL6VGu9MB6PLywrK9vmd06/
eO09xwohxjLzCUT0mOu6jzWlvUCaGimlo7VeHIvFSvzOUl/epl/
vxePxk2uzENvbz2aId6X7TCSuGC8CsJCZF+/
Zs2fRjBkzvk5TbCMDSSmzkBgB6UFEFzLz2QC2E9ECZl7EzAscx1nnc8zDsizrWAC9hRC9iagnM/
dG4uf7S2b+kohmEtFbO3bsWD1z5kwzQodEowcA9zLzjng8fp1p6mDUlSk4jBrz9oA4B4niYgiAYwHMA
zCfiOZHo9FFvgbMAPn5+XkdOnQYy8xjkdg5+DEAjyml5vsczagB27bfrKysHFtWVtZkuqBJKedorf9S
3a7z3qZgydf0ECRaTe9EYl7/
okydTmP4y5t+eDYSRenZAI5j5gUAFhHRgpycnIWNZM0O2bYdJaI8JDpk9QLQFokOam8KIVZrrdcQ0Zv
NucmBbdujiOhGJJo9/NLvPEbjYwoOo1q2bXfTWg8JBAIjkPggIohontZ6vtZ6fklJyVq/
M2aKcDh8qRCigIguAPCY1vqxWCz2it+5jJoLhUKtg8HgZ0qptn5nSTUp5XMA/r1169YH2rVrN2S/
AuM9Zp4PYL7ruvN93kDOaKTGjRvXpkWLFsmGIGd7a/
eeAvAFEc0novnTpk370u+cB3OwkU0pZUdm7kNEpzNzbyLqg8RC9TcBrGbm1cy8Oh6Pv9mcRvJt2/4FE
d2mtS4y6zuM2jAFh7GXlPIUAMOYeRgRDQfwDTO/hMRutvNLSko+9jdhZpFSjgBwNYCrmXkqgDmO4/
zL51hGHVmWdS4Rp+p4ewAAIABJREFUWU1p8y9vxG0YgKHM/GMkrtq+AWA+gPm7d++e/
8gjj+zwN6XRVBUUFPTJzs4eju+K223wRsUBzFdKZcSGmlLKJ4jo0Wg0erj9digcDvcRQpxORKcjsb6h
DxK/K/
eOhriuu6opTz2SUrYAUExE3ePxeJFZw2XUhCk4mjGvg9QwAMnbVmZ+HcDrlZWVc83uvgeybbuHEGIcM
4/3Nqaaycwzm8M+IU2dlPLXAFoopW7xO0tdhUKh1oFAYBgRDfUuHPQE8DqAN1zXnRMIBPoz8xmO41zj
d1aj+fG6m50TCASGeGv/
WsArQJh5vl9NNCzLcoQQD9d16quU8vj9RkM6AejLzCsBrBRCrAKwMhqNvp3S4D6TUg4GUMzMLziO8xu
/8xiZzRQczYg35/
Y8Zu5GRFcD2ExEr2utX2fm12Ox2Bd+Z8xEUsqOAMYjMZqRDWCWEOKRadOmfe5vMiOVanGVM2NUKTDOR
eKiwckAXvdGMV4/2M70lmWdI4R4sqKiore5qGD4SUp5DDOfAyA5zW8zgN3M/
DoRzW2o9UNSyg2u615cUlLyfqqO6b02+xFRPwB9AfQDcBKAlQBWMvMqACubQqdCy7KuFkIUE9G4aDT6
rN95jMxkCo4mrKCg4OisrKzzvA8j5wGoYOZXATwfj8eXZHJbw0xgWdaPhRA2gP7M/
IjWeqYZOm66pJQfuq47PJOnDnob7J3LzCMAjADQnZmfIaKVruu+XtOfT6+IXqO1vsasNTIyRVFRUSvX
dUd4I+/
DkdjYby6Aua7rzk3X+6+UcvfWrVvblJeXV6Tj+EnXXnttTkVFRT9m7sfMfb1i5HRUKUK01iu/
+eabFeXl5W46s6RaUVFRq3g8PgvAzs6dO49rbvtrGYdnCo4mZPz48S1zc3PPI6LzkCgwOgB4lYjmMPO
rSqlPfI6Y8aSU/
QCEAIQBPMDMrzqO87LPsYw0KygoaJednb1AKdXD7yz789YKjWDmc4loAIA5AF4jotei0ejyeh77ZWZ+
znGcB1IS1jBSKBQKtc7KyhqutR7urSs8iZnnEtHrqSpACgsLj9Rar1FKHV3/
xHVClmX1I6J+RJQcCakE0IqIljHzctd1lzWWi12RSORKZp7FzBMdx3nE7zxG5jAFRyMXDofPDgaDI5n
5VAAXeSMYrwohXm1q80XTRUrZgpnDRBQC4DJzaW5ubkkjaelopIBlWcOFEL9VSp3rd5ZIJHI6M49k5g
uIaAQRvaG1fg2JpgQLU30+KeUfABynlJqQ6mMbRip5nbCGAxhGRMOJaJvWegsRzSGif0ej0fdqe8xwO
Nw3GAz+PBqNXp36xHXnvQ8MBDAAwEAAvQEsY+blzLwcwLJYLPaOryEPwbbth4mINmzYEJo7d27c7zyG
/
0zB0ciEw+HvBwKBCwGMBHAhEi36Zsfj8RdLS0vrdbWzubEs6wIhRAjADwGUEFFpNBpd7Xcuo+FJKa8D
cLxS6oaGPndhYeGRrute6LVUHglgE4DZzPyK4zj/
bogMkUjkama+uaKiYkBZWdnuhjinYdSXV4BcIIQ4l5nPB5AD4FUAr2qtX63JukTbtguIaKhSKpT2wPW
Qn58faNu27UAhxAB8V4QcD2AZEoXICmZeFovFPvQ1aBW2bZ9PRC8AuEwp9bzfeQx/
mYIjw3lvMhcGAoGRzHwhgFwALxPR7J07d75sWlrWzrhx445t2bJlGIlpU+96RcY//
M5l+EtKGfW65DTIFABvROUiJAqMY5j5ZSHEK0Q026+9Cryudctd172gpKRkgR8ZDKM+pJTHJ6cUM/
N5SCxC/zczz8nNzX3lYKPWUsq7AHyllPpzQ+etr/
Hjx7fMyckZKIQYiMRGswMBtGHmFwB8wMyLtNaLS0tL/
+dnzkgk8iyAD6LR6HV+5jD8ZQqODBSJRLoy8ygk5nKOBfAyEqMYL5eWlq73N13jZNv2hURUBEADeLOy
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srJ0+vTpn/qdy8gMUsqlRFRU3zUR1QmFQp0DgcAlRHQxgIuZ+VEiepuIZmfaqJqUch6AcqXU/
X5nMYz6CIfDPQOBwPkAzkWiycJKJH6fvpTsgBWJRJ5l5mlN5Qr8hAkTjsjOzu4nhEjuAn8GgE+ZeTER
LXZdd7Efm/
ZKKacAmOS67g8yuTGHkT6m4MgQ3qZjlxDRKABg5ueY+dlYLDbX52iNlpQyC8BPARQBeJ+Iik3LPuNgp
JTfBIPBzsXFxd+m6pi2bZ+VLDAAHAngea31C0KIFzJ935ZIJPI3AB0zbV67YdSH1xL6QgA/
AHAcgBeZ+TRmtmKx2Bqf46VNJBI5TWt9hhDiDGY+A8AJABYDWARgye7duxfPmDHj63TnCIVC3YPB4Ev
MfKfjOE66z2dkFlNw+GTChAlH5ObmjgJwCYBRABYCeJ6InqvLwjfjO95iuyIABcz8IBEVZ8qOtkbmsS
zrWCHEQqXU8fU5jrer90UAfszMFzPz20T0grcpVqPrtS+l/
AmAOwCcrZTa5Hcew0iliRMndgoEAlcJIf4IYDeA9wC8qLV+ORaLLfY5XlqNHz+
+ZYsWLc7QWp8phBjsFSFbmHkxgNe11kvTOQoipYwS0S4zxap5MQVHA/
LmSJ9LROOY+WQies513efj8fhzmbJQk5lPRuKNt7amEdGkVOepDcuyrhJCFAFoxczF5gqKURNe84BfK
KUurO1jvalSlwohRnsbmCkAyyoqKl4oKyvblvq0DauwsLCL1noBM09xHOfJ5P3MvBVAu9oej4jM7xzD
F8w8FsDfa/u4HTt2TGjVqlWTb+8aiUS6aq3PANDDG5k9jojmM/MCAPPrugt7dQoLCy/
TWt+qlOqTyuMamcu8+aeZbdsDhRCXMfOPAcSZuZSIFiillvid7WAaW8Fx7bXX5uzZs2cKgJsBvOS6br
FZ8GrUhpTS0lofH4vFfluTr7dtuwcRXcrMo4noewCeBvAvpdTs9Cb1j23b5QA+cRzn54ApOIzGp64FR
ywW27Vs2bKFzPwsM/8rk7pApZOUsi0SO8CfDWAIMw8hovkA5jPzgh07dsybNWvWN/
U5h2VZvYUQKwD0Ukq9m4rcRuYyb/5p4G3UdSkSUys2EtE/
mfkpx3E2+J3tcBpLwVFQUHB0dnb2TQAKmfm2YDCopk6durWhzm80HZFI5G/M/
J9DLZKORCIDtNbnEVEYwB5mfhrAvxzHWdZwSf0lpbyemfts27at8PHHH98IU3AYjUhdCw4AY23b3iyE
+CGA0QB2APgXgGcz9cJhukgph8ArQrwR3Y+ToyCVlZXz6tKIJT8/
P9C+ffu3mPk3VUdRjabHvPmnSCgUGhkMBq8EcBkRrdJaPx0IBJ6aNm3a535nq41kwfHOO+9g3bp1GDN
mTE0f2iAFhzct7ZcARjLzXY7j3JfucxpNm5TyOa11cSwWe6Hq/
bZt9yGifABXAtgCoMR13VdLSkre9yVoBrAsq78Q4o3i4mLeunVryyeffBK2bUMIUaPHm4LD8Euy4Hjt
tdeQlZWFIUOG1PShY4lob+t0r/PVaCL6ITOfQET/
isfjT5WUlLyUluAZTErZC98VIC0B9AQwh5lfY+bXarIPSpI3ivqW4zi3pyuv4S/
z5l8PlmWdGwgExjLzVQAeIaJle/
bs+WdjnrudLDgefvhh3HTTTdi4cWNNP0ykteAIh8NnBwKBXwI4SWt9dywWm5GucxnNi5TyXWYe7TjOB
tu2ewghrmDmKwHsZOZy13X/UVpa+h+/c2aS3bt3V2zatCnrhBNOwKpVq9CnT82mYZuCw/
BLsuCwLAvbt29HeXl5TR+6T8FRVWFh4ZFa69FIdL26CEA5Mz/
hOM5zqUnduEgpT2LmcwGMIKIRAL5m5jlCiLl79uyZc7jPRrZt3wXgfbP+smkyb/
61JKUcjMTeGFcBWAvgsV27dv29qWzAlyw4PvroIxzqw8SuXbvw61//
Gvfffz8eeOABFBUVpaXgsCzrYiHErwCAiO42bW2NVJNSVmqtbxRChL27HmfmfzSGKZB+Sa7h6NatG37
6059iypQpB/
26BQsWIBQK4ZtvvsGmTZtMwWH4JllwHO5i2qeffopwOIxXXnkFb731Fnr27FltwVFVfn5+Xtu2bfOFE
GMAnM/M5QCedBznX6l/
No1DslEOgOFI7IXyIYDXALy2devWOeXl5bv2f4xlWdcJIQYrpa5q2LRGupk3/
xrwhlDHAriKiL7UWj8WCAT+7teOwOlUdQ1HdR8mFi9ejFAohI0bN2L79u146KGHUl5wWJZ1TiAQuFtr
/YHWeqpZCG6kmm3b4wEUEtEgADcz80uO46zzO1djkCw4qrtavHv3btx66624++670bZtW+Tl5ZmCw/
BVsuA41MW0srIy3HDDDdBaY/
v27bUqOKoqKCjIzcrKygdwORH9AEC51vqJWCz2TOqeUeMTDof7CiFGCCFGeIXIaq31bGZ+perv+Egkc
iUzX2qKjqbFvPlXo6ioqFU8Hg8x83AiOhnAY1rrvzf1DhVVC46DfZjYtWsXjjrqKAwcOBAPPPAAevTo
kdKCw7btbgDuJqL2AH7Z3BblGell2/YwIroGwDXMPJOZVwgh8pVS5/idrTFJFhzVXS3+wx/
+gDvvvBP33HMPPvzwQ8yYMcMUHIavqi4aP9jFtDfeeAPDhg3DlClTMGTIEFxxxRV1Ljiqys/
Pz27Xrl0+EY0B0AXAUq31zFgsNq+eT6nRsyzrDCIa4bXhPR3AS1rrl73NAYeYoqNpCfodINNEIpEfAJ
gYj8cvIqJS13V/m84NcDLZOeecg5tuugla670fJvLy8vDCCy/
grLPOws6dO1N2Lq8F390AhjHzL5VSzXYY2kgtr6PZVQCmMPNHzPyw4zhhAGzb9lhmrnVnFSNh2LBh+O
KLL7BmzZp9rhZbloUrrrgCXbt2xU033eRjQsM40NChQzFv3rx9Co6hQ4di7ty5GDZsGJ5//
vmUnau8vLwCwCwAs7zi4xohxB1SyuOI6JF4PP5Ic21E4W2wuBjAH4uKilpVVFT8QAhxodb6NgBbAXwk
pZyjlDrX16BGSpiCA0AoFDoxEAhMJKIQM68GMF0pdaXfufxW3YeJWnT3qBEp5e0ArmXmXzqOE0npwY1
my7bt871RtzMB/Ml13eElJSUfV/
0aIjoOgCk46qhLly7o2rUr3njjjX3eI4466igcddRRPiYzjOod7GIakPidl05e8eEAcLxNNccHAoEXp
JSbAczctWvXjKayHrS2iouLvwXwhHdDOBzuKYT4ARFNkFK6AJ4H8LLW+oWmPtOkqWrWBUc4HM4XQhR5
HzqmAxiglNrkd65MkfwwsXTp0hp3oakNKeU1AKYy852O47RP+QmMZic/
Pz+7ffv2RQAmMfPHzDzVcZzLq/t6Zj6OiMzi8HoYOnQoli1rNtuRGE1A8mLahg0bcMopp/
iSYdq0aR8B+D2A30cikTMBXJ2Xl/df27anM/OzsVjsFV+CZQhvZslaAH8Jh8P53jraU4hohJSyK4B/
MvPTjuO86W9So6aaXcExbty4Ni1atJhCRFOY+UkAtymlXvc7V6YaPHgwli5dCillyo4ppTwewAwASys
qKjqUlZXtTtnBjWZJStmLiK5l5gkAiololFKqJhtYktbatLyth0GDBuEvf/
mL3zEMo8a6dOmCY489FkuWLPGt4KgqGo0uArAIwGSvM+MvpJTFzDy1srKyuLn/
jiwpKSmXUp4J4BPHca6VUvZi5suIqNSbjv1PAE8rpeb7HNU4hGZTcHibeE0B8GMA9wM4zXGcr3yOlfE
GDhyIBx98MGXHsyxrCoAbiGhCNBp9I2UHNpqlSCQylJlvJqL/
MfMrSqlaVcZE1E8I8Wi68jUHgwYNwnvvvYePPvoIXbp08TuOYdTIGWecgXnz5uGaa67xO8o+vA1IX5B
SnkREk7Kzs7dIKR/
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zRmub7VCiUuqGSCTyhpRyuVdYvAXgdsuyTiCiy4QQd0opTwHwTyL6ZzQabXYbMWa6Jl9w2LZ9uVdotG
bm+x3HCfmdqTEZOnQofvazn9X7w8S4cePatGzZ8kWt9dNKqbofyDAA2LY9mohuYuZKIvpTPX65HFVZW
Vnj3XCNA/Xu3RtHHXUUXn/
99cO+R0gpJymlpjZMMsOo3jnnnJPSi2mpppT6AMAvAPzCtu0CAA9KKYmZpzmOU+pvOn9Eo9GhUsod+f
n5HZN7eHjrOe4FcK+UsiMzXwZgipTyKQCPAHhRKfW0j7ENT5MtOCKRyERmHs/
MX2utbzEt6OqmNh8mqmNZ1o+FEKVEdFEsFluU2oRGc2Lb9niv0HifiH7hTUWoD1Nw1JMQAuecc06Nrh
YTUc9IJPLqrl27rpgxY8bXDRTRMDB79uxLRo4cuffPqbqY1hAcxykDUBaJRAYwc6GU8kZmnuE4zh/
9ztbQiGhg+/btlwHouf/fKaW+grcov6CgIDcYDI4KBAITpJSzmPnvQoi/
R6PRVxs8tAGgCRYctm2HiOi3zPxqZWXlNdOnTzcdaOqhNh8mDkZKeTcz5yql2qUhntFM2LZ9BYACAJu
J6Aql1Nv1PaaUsgUAaq5dYVKppleLo9HoZCnliNzc3Hdt277BcZxHGiCeYWDTpk37tFZNxcW0hhaNRp
cDsMaPH98yLy/
v11JKDeAuAH9SSm33OV6DiEajb1uWdbeUskwpVVDd13nrXp4A8ER+fn5eu3btrmLmm6WUjwIo01rPis
ViaxoqtwGIw39J4yCltKSUnwA4C8BQpVTYFBupcc455+CNN2q/
3CISibzEzF86jjPl8F9tGAeybXuYlHIpEf2YmaXjONdEo9F6FxsAoLU+CoAZ3UiBoUOH7l3HcThKqde
UUp0AnCylnFdYWNgl3fmM5s227d936tRpn1kOVS+mNTaPPPLIDqXU/ymlBDNvA/
BRJBJ5aOLEicf5na0hxGKxGUT0vmVZE2vy9eXl5bscxylVSl1QWVnZk5k/E0LMkFKutG37Z/
n5+W3TndloAjuNSyl/
gsTO1C+4rnt7LBb7zO9MjVnVncaT3nzzTfTt2xcffvjhoa4E7bPTuG3bzxLRA0qp2elLazRVlmWdGgg
E7tZatxJC3Ohd2Usp27YHEtHvlFIXp/rYTV1yp/
Hkn7XW6Ny5M+66665DjoTuv9N4OBw+OxAIPMLMpY7j3JG+xEZzFQ6Hvx8IBOZGo9FfwdtpPOn+++/
Hgw8+iA0bDtkZu147jTcUKeUkADcz8xPM/
Nfm8FlIShnv3Llz9m233abr8nivmdA1RDSamVcws3Ic59+pzmkkNNopVVLKIQAe0Fo/
r7UeVFpautHvTE1V7969MX78eOzYcfiZJ1LKLADbKyoqTiwrK/tv+tMZTY1lWXcIIS7zNoJM3Za/
B+qAJnDRJRMIIVBUVIS2bWt3obCkpGQBgBOllLdLKd8hovHpKC6N5isQCCittQRwxP5/d/
7552P16tXYvXs3cnNzfUiXOl4zhqmhUOjyYDC4UEr55IYNG26cO3du3O9saTT5888/
fwjApMN+5UF4e3i8CeB6y7LGENEvpZRTmTm6e/fuqWa6bWo1ul+2hYWFR2qt7yeizgCujUajq/
3O1JQcbISjhqZFIpEpAOZWVFSc19z7hhu1F4lErmTmGcx8jeM4j6X7fLZtjwUw2nGcn6T7XE3N/
iMcNbX/
CEdVoVCoezAYfISIFkaj0evqFdAwAFiWNUYIcYVS6gpmHov9RjhqqFGMcOzPtu2fEdGfAfxWKfUnv/
Oki5RyFREVpOqzoJTyJAARZu4N4DMiuk8p9VYqjt3cNaoRDinl7VprycxTlFKP+53HOMCu+gxvGs1TO
BzuEAgEZjDz/wC0chynsoFO3YGItjTQuYzDKC0tXQ9gkJRyim3brzLz/bFY7Bm/
cxmNlxDiDxUVFaf7ncMPjuPcB+C+SCRyp5TyKyK6MRqNTvc7V6ox82RmfgjAkFQcz2tH/
Esg0YQIwMxIJPIVgD+bvT3qp1GMcFiWdQER3QjgDTPPN73qOsKxfPnyjX/
96197Pvroo1vTEMtoomzbLiKi27XWE7wNrxqMlPL/
mDnXcZzfNOR5m4J0jHBUVVBQ0C47O3s6M5PWOlRSUmIKQ6NWpJSztNbPxWKxvwNAcxvhqMq7qPNnAO2
Y+beO46zzO1MqSSkfYeaXHMeZlabjjwCQD2AEEh3BHk7HeZq6jC84bNueSkQn7tixI3/
WrFnf+J2nqatrwfHFF1/86+ijj/5RGiIZTZSU8mUiWhGNRn/tx/kjkcifmfm/Sql7/Dh/
Y5bugiPJ2+CxlJn/5DjOX2p7PqN5sm37CiL6sVJqbPK+5lxwJNm23YOIHiOiZ/
16302HUCjUOhgMvq+UOirN5+melZV1MzNfqLX+TSwWK0nn+ZqajC04IpHIUGZ+AsBvlFJRv/
M0F8zcBUCN50LG4/EcABwMBh/0RqEM45Bs2z6LiF7TWo+KxWKv+JVDSvkHZn6rIdaLNDXM/
BGA9rV9HBHVqf2klPJuABcDCCulltTlGEbz4DUu+VYplVP1fma+FEBdrkxfTUTPpiRchpBS3gxgktek
ofY97zOQbdv3ENFnSqm/
pvtcBQUFR2dlZUki+hmAW5VSmbtlfQbJyH04IpHI35j5dgCnmWKjYRHRR0TUtiY3KeXooqKiRVlZWXm
m2DBqQkr5awB3A2jlZ7HhOVEIwT5naJSIqEtN3yeq3up6PqXUL4noCiL6m5Tyr8jgi2WG76ZprS/a/
04ierouP7NNrdgAAKXUnyorK4cw8+1SyibxGYuIigEUNcS5ysrK/
us4zu2BQOBkZu4mpfzSsqwJDXHuxiyj3rTz8/Pz2rdvvwhAqVLqfr/zGIcmpfz3t99+m2/
WbRg14f1i26yUusXvLAAgpfyX13f9Ob+zGDVn23YBEZUw82THcab5ncfIHN4FjRaZ8h7TGNi2bRPR74
hoWDQarUuHyowhpXyRmf/mOM7LDXzejgCuA5DPzD83v1MOLmNGOCKRyND27dt/
pbW+yhQbmU9KeSuAeabYMGpCSvmO67qzMuyDQCtm/
tbvEEbtOI5TppQKEFFvKeUK27YH+p3J8F84HD4bwEUZ9h6T8RzHcSoqKvox83NSSsvvPPVBRMVE1CCj
HFUppb5SSt1CRKOISNq2/XAoFOre0DkyXUaMcNi2fQMRjVZKDfc7i3F448ePb5mXl/
eUUupCv7MYmW3cuHFtWrZs+Vk8Hh/
otT3NGLZtLwHwU8dxlvmdxaibcDjcVwgxjYjWdO7cOWJacjdf9d112gAikYhi5lylVKOdHiSl/
AjAUKXUJz5mGALAAfC8UuoXfuXINL6PcEgp/0pEnU2x0Xjk5eXdxMzz/
M5hZLaCgoKjW7Zs+UkwGOycacUGABBRSyGE2Um2ESspKVnlOM5grfXijRs3rpRS/
tTvTEbDs237KWYeaoqN+olGo5KIZtu2vUZK2cLvPHVUzMwNPspRlVJqvlLqVGbeKKVcJ6W81M88mcLX
giMSibyktZ5rKsBG56zKykrTotKoltfFY5ZSql1xcXGmTlsyU6qaiFgsVqKU6uMt4FxnWdZwvzMZDUN
KeR+A1xzHWeh3lqYgGo3OZOaLAXzp7brdqGzduvUBIrrY7xwA4DjOvQAGEtEE27Yf9TtPsyWlnCelHO
l3DqN2LMv6kZTyn37nMDKXlPIYKeXnfuc4HNu235kwYcIRfucwUsuyrFOllHMikcg/
Jk6c2MnvPEb6RCKRiVJKsxdCmkgp3/OmBzUqtm0/b9v2AZ3K/GTb9ljbtpdLKS/
xO4tffBnhkFKudF33ZqXUbD/
Ob9SdEOJCZm4SmyAZqXfttdfmAPiPUup7fmc5HCL6XqtWrfb4ncNIrVgs9o5S6lxmfiIrK2ut1+DCaG
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IKCgp6aa1/
pJQK+52lqVJKdSWiO6WU+X5nqaWXiOgHfoeoynGcxxzHGUBEhbZtN8vGSA1ecEgpS13XLSwpKVnQ0Oc
26o+Ieu7Zs8fv/ROMDLVnz56vATSWUYO8zZs37/I7hJEeSqny5M7DUsq1tm2PPdxjjMYhPz8/
Lzs7e7HjOGZufJpFo9GhAKzG1HVJa/0igIwa4UiKRqM/
JKINUsonpJR13puoMWrQgkNK+brruv8sKSlZ2pDnNVKjsLCwCzMfO2PGjK/
9zmJkHinlQmYerJTa6XeWwxk+fHgQAJeXl7t+ZzHSSyn1OwDDAYy2bXu+ZVn9fY5k1FP79u3fB3Cy3z
maC6XUhcFg8M+NZfFzSUnJ+wAQDocz8mdEKfWg67o3A/jIsqxz/
c7TUBqs4IhEItMBlJaUlDS5XTubC9d1TwXwkt85jMwTiUQeAvCI4zjr/
M5SEyeeeGIeADO60Uwopb5yHOcnAH4phJgWiUSmh0Kh1n7nMmpPSvm61nqsUmqT31maE6XUaAC/
tCzrDL+z1NCLQoiMHOUAEkWRUqq9EGKibdu+dtVqKA1ScNi2/Vtm/
lgp9XBDnM9ID63195jZjG4Y+7Btexwzt1FKTfU7S00xcy6A3X7nMBqW4zgLlVIDmXluIBBYb9u22SSu
EZFSljKzisVipi27D5RSZwkhHi0sLOzid5bDYeaXAGTUOo6DUUqNJ6LTpJR3+50l3dJecFiWNQZAC6X
Ubek+l5FegUDgWACVfucwMkdBQUEXAAVKqfF+Z6mNrKwsM8LRjCmlHnYcpzMRZUspv5RS/
sTvTMahSSn/
yMzrHceZ5XeW5kwpdaLrus5FF12U43eWQ3Ec50UiytgRjqqUUj9l5i+llKV+Z0mntBYcBQUF7YQQynG
cm9N5HqPB5BDRFr9DGJkjOzv7UWb+jd85ast13WwA//
E7h+EvpdRvAZxGRBdLKRc3oukizUokEilkZnIc5y6/sxiAEOK3xx133By/c9TAgnA4fLbfIWrCcZy/
MPMbtm032ZlAaS04srOzn3Vd94fpPIfRcJi5wmyUZiRJKS0iWhuLxRb7naW2gsFgNoAQj2AuAAAgAEl
EQVQj/c5h+E8p9VU0Gr3add0pQoh7pZTRgoKCo/3OZSREIpErmXmYuXCZOaLR6CIAL9i2/Xu/
sxzGaiHE6X6HqCnHccqI6EMp5RS/
s6RD2goOKeXNRDTPtL9tUkxHHyOJAESj0aj0O0gdZcFMDzSqKCkpWaqUOouIXs7Ozl5p2/af/
M7U3EUikfOY2VJKXeV3FmNfSqk/
ENGZmdxliZlXE1GjKTgAQCl1GzOzlPI+v7OkWloKDtu2uwEYGI1Gf52O4xu+6UhErfwOYfjPtu0/
MHNj/
hBgCg7joKLR6FNKqc5EtEVKuduyrAl+Z2qOpJS9tNaTlVIX+J3FOLgNGzb8QAjxO79zVEdrvRpAoyo4
AMBxnAeY+b9NbaQjLQWHEOIeAE168UtzEQ6H/2tZFluWxQCuZeYHkn+2LOsjv/
MZDc+yrGOJ6GrHcR73O0s9mILDOCSl1N1bt25tA+AEKeV6KeUlfmdqqmzbfioUCu19PYZCoc4AXnQc5
8c+xjIOY+7cuXEAT0op7/
U7y8G0aNGiURYcAOA4zh+Z+ULbthvFwveaSHnBYVnWucycp5R6PtXHNhoeEb0CAEIIEBGICEIIIDG9a
oav4QxfCCFuAXCH3znqw3XdIIC43zmMzFZeXl4Ri8V+R0SjiKhQSvlKOBzuuf/
XWZa1KxwO3+lHxsZu5MiRLQH0CgaDQSkl5+fnZweDwf8opY71O5txeEqpvwG4JBKJdPU7y/
4eeOCBPQA+aky7pFflOM4lRHSrlLKj31lSIeUFhxDiHiL6eaqPa/hDa30fEX20//1E9IHrug/
4EMnwUWFh4ZEALlVKKb+z1JMZ4TBqLBqNvheNRn9IRH8KBAKP2rYdGzduXBsAsG37YyFErhBivGVZ5/
idtbE57rjjzgHQLvnndu3a7WHmD32MZNSS1vqnzPyg3zmqsToQCDTKUQ4AYOZCALP9zpEKKS04wuHwp
QAWRaPR1ak8ruGf0tLS5QCWV72PmV0Aj02fPn2zP6kMv2itI0T0f37nqC8hBAPY4HcOo3GJRqOvKqV6
A1j4/+zdeXwTdfoH8M8zSS9OKSIKKHhwiBe4IOJSQFAQ8JZ6oJTSZr4BRMRdBFdYYdXVRQUE+QGZSaG
CwGp1XZEFb5RTEURxUUTFg0NQ5KhIz8zz+4O2S6EtTTPpJOF5v168dk0y3/
k0hUme+V5169b9sWRT23NKnm4B4FkH40Wr3kRUdge3pCe9ncfj2epkKFF9fr//
bWbeo+v6NU5nOR4zrySis53OUVOmaX7KzIuUUtH/uWtnYy6X6wHLshbb2aZwXkFBwdPM/NMxD327b9+
+GY4FEk56oKCg4BWnQ9igTjR/
CAlnmaY51zCM05h5bMkQ09Ivyhfquh6R49kjlcvl6m1ZVkVPtfV4PDtqO4+osQUAxjod4nglS/
lf4nSOUJim+QyAQR6P50Kns4TCtoJD1/UOAOr7/f5VdrUpIsP8+fPXA/gIAJjZsizrn6++
+uqvDscStUwpdTMRvZ+dnX3Q6SyhYmaXZVmyzLMIVd1j/
4OIkizLGpiWlna1U4GiSUZGxmXMnFxatFmWhUAgYDHzTiJ6ze/
3y02BKGGa5jtE1DgzM7Oj01mOsxNHex+jmmVZmZqmRfXNDNsKDiK6j4hkTH+MCgQCfy/p5fju559/
lt/
zKYiZ0y3LynY6h01cRCQFh6gxXdf3lH5RPpbL5To7ISEh5tbQD5OuAJozM5h5P44O33344MGDfzRN82
aHs4kgWZb1jMvlGuN0jmMRUUwUHH6//0NmPqzr+m1OZ6kpt03tEID+Pp8v06b2bDNjxoyEpKQkw+Vyx
TmdJdodOHCANE2zunbtOuOWW25xOk5Usyxrj8fj+ZPTOapr8ODBdYmolWEYS5zOYgdmloIjApimOdvl
cjV0OkdN/Prrr3WI6DAzawCImYmICIDGzO2nTp36/
WmnnbbW6ZyR7MCBAz0DgUCh2+3ekZSU9E1CQsI+HF3G9LJ+/WJmNVDbMbNVXFw82ev1fu50lmP5/
f7FSqlHlVINDcM45HQeIHYKDgAoLCx8KCEhIQdAVA5rtqXg8Hg8twGIyKFUdevWjQ8EAndfdtllLqez
xIgzAUTc8nfRpLCwEFu2bDkAIGoKjjp16vRl5m+czmEXl8vlKln8QDhryEUXXZTkdtt17yuitCz5I07
u3JI/
ohq2bt2a99tvvy0CEFEFR4n3mPl2AKbTQQDAMIwjSqn8zMzM5KysrP1O5wnF888//61S6iuv13uHz+d
70ek8wbLlKq9p2i2WZb1qR1thYp177rlScIiIcOTIEWzZssXpGEFh5r7M/
KbTOewiPRyRo1WrVoiLkw5oIarr+++/L/
ztt9+cjlEhInoJwEOIkIKjxE4iagEgqgsOACCiKcw8A0DUFRx2zeG47dChQ1HZxSOEqJbriouL33A6h
F1k0rgQQtjP5/O9C6BDWlpaY6ezHCNmhlX5fL4NAOI8Hs8fnM4SrJALDo/
H0xPA6pycnMLQ4wghIo3H4zkXwK/
z5s2LmSUq+aioX21LCCEi0OtJSUkRMwmHmbe7XK5kp3PYKFvTtHSnQwQr5IJD07Q/
MvM6O8IIISLSHwDEzPwNACCieCKqe/
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JXCiGECNJaAN2dDlFK0zSLmWOm4CgsLFwI4FancwTLjiFVXaXgECJ2uVyuywF84nQOO5WsKMRO5xBCi
FjDzCuZOWIKDmbOZeYGTuewS3Z29kFm3qbreg+nswQj5IKDmTvl5eWttiOMECLyMPMfLMva6HQOOxGR
BqDC7Y2FEELUnGma25g5fvDgwWc4naXEb0RU3+kQdiKiJUTUx+kcwQip4Bg2bFgrIjqycOHCXLsCCSE
iTnu32/2F0yHsVLJfgvRwCCFEGBDRFwkJCZ2czlEipno4ACAQCLwP4DqncwQjpILDsqw2RLTNrjBCiM
iSmpoaD6DJnDlzdjmdxU4lm7VJD4cQQoTHViJq53QIALAsK5eIYqrgyMrK2gSgcWpqaj2ns1RXSAUHM
7dl5q/sCiOEiCz169c/
F8B3TuewGx0lPRxCCBEGzPwVEbV1OgcAENFvAGJqSFWJr5OTk7s4HaK6Qio4iKglM39pVxghRGRxuVy
tAMTUcCoAICK2LKvI6RxCCBGLAoHAlwDOdjoHADDzIQAJTuewGzN/
aFnWxU7nqK5QezguALDbpixCiAjDzDGxO+vxmNkN+zY+FUIIcQxm/
gHARU7nAAAiymfm05zOYTdN07YT0aVO56iuUD9wzwLwkx1BhBCRh4hOB7DP6RxCCCGix3ffffcTjn5H
jARFRBTndIgw2IrIeY9PKtQhVWcWFxfvsSuMECKyEFFjZv7V6Rx2k304hBAifN5///1iAAeVUqc7nQV
AEYCYKziI6EcAlzido7pCHVJVWsUKIWJTPQB7nQ4hhBAiujDzFkTGHfiYLDhKVo+MmqHB7pO9gJlPdh
ewoomXXLKxlhAiwjHzJAATq3jJcMMw5lfw+BVE9HF4UoWOmesA+L2q1/h8vlEVPLyRiCJl/
XghhIhYzNwYVQ+73ezz+Sp6/E0isnUfCWZ+HcD1lT3v8/kq+z7bhIgidugwM58H4NvKnq/
i5zKIyBueVMGTokAIIYQQQggRNlJwCCGEEEIIIcKmWgXHvn374PP5YFmyMa+ovoKCAsyfPx9btmyxpb
09e/bANE38/PPPtrQnyluxYgVWr17tdAzbffnll3j55ZedjiGi2LJly/
DOO+84HSMs7L5Oi1NTpFxnLcvCCy+8gO+//
97pKLaLlPe4pqpVcBw+fBjDhg3D5s2bw53nlJSbm4tFixZh165dIbXz1Vdf4d5778XOnTvLHnvjjTcw
evToUCPWyMcff4zRo0dj4sSqpgdU34IFCzBu3DgsWLDAlvZEeQsXLsT06dOdjmG79evXY+TIkXLDRNS
IZVlIS0vD7bff7nSUsLD7Oh3rnPxMjWSRcp3VNA2PPvoolixZ4miOcIiU97imqlVwtGrVCq1bt8bKlS
srfY1pmmjUqBHuuusu28LFim3btuG+++5D+/btcfHFF+PWW2/
FRx99VPb8F198gZEjR2LHjh0hnefbb7/F4sWLceTIkbLHVq9efdI7c4cOHcLf/
vY39OjRA+eddx769OmDhQsXhpQFADp37ozHHnsMY8eODfrY3NzcE96PQYMG4S9/+QsGDRoUcjZxopSU
FKxatarSi9mOHTvQp08fEBH+
+9//1nK6muvRowf27t1b6Q2TvLw8PPDAA3C5XJg1a1YtpxNO2717N8aPH48rrrgCLVu2RJ8+fbBo0aK
y5zVNw+zZs2GaZrnjdu3ahV9/
DX3F6CNHjqB58+YVfondtWsXkpOTw3qTJZTrdE0FAgHMmzcPffv2xTnnnINu3bphzJgx5T677GLX76l
UdT5TT0WRdJ3t3r07Vq1aVenza9asQdu2bXHWWZGwgFb1RdJ7XBPVnsNR2S9w9+7d6N+/
P5RSCAQCtoaLBVu2bEGfPn3wzTff4OGHH8aECRPQtGlTZGZm4vffq1xAp1bk5eWhf//
+eO2113DLLbfgueeeQ9euXTFhwgRs2rQppLYTEhJw77334oorrgj62B49euC5554r91jz5s3x4IMPRt
1FIlpUdTHLzs7GZZddhvXr1zuQLDRV3TD58MMP8Yc//AHz5s2L2rtGouY+++wzXH311Xj//
feRlpaGWbNm4corr8TDDz9crqhOTU3FbbfdVvbf27dvxyWXXFLlTbjqqlOnDnr27Fnhl9gVK1YAAHr3
7h3yeSoTynW6JpgZd999Nx566CFce+21yMrKwk033YSXXnop5M+c49n5exJVi6TrbGU3z/
Lz8zFu3Dh069YNe/dG32rvkfQe10S1C47KfoFDhw7Fl19+iQ8+
+AAXX3yx7QGj3aJFi1BUVIRXX30V99xzD+68807Mnj0ba9asQd26dZ2Oh3fffRdffvklpk+fjtGjR2P
AgAH429/+hk8//
RQdO3Z0Ol7Y7Ny5ExMmTIjYf5hOqOxitnLlSgwdOhSDBw8+4S5vtKjohkleXh769OmDs846C2vXrnUo
mXAKM+PPf/
4z6tatiyVLlmDkyJEYMGAAHn30UXz22We1+nl2zTXXYPfu3di2bVu5x1evXo3LL78czZo1q7Us4fbyy
y/jrbfewpQpUzBmzBhce+21ePDBB7F582b88Y9/
dDqeCEGkXGcru3k2ZcoUzJw5E7Nnz4bXGzGrxQYlUt7jmqh2wVHZL/Af//
gHPv30U3Tv3t32cLGAmeFyuVBYWFju8YYNG57w2t9//
x2DBg1Cy5Yt0a9fP6xbt67c87/88gtGjRqFiy66CJdccgnGjh2L4uLikPKVfuE+vp3j8+Xm5uKhhx7C
VVddhdatW+Puu+/G559/
DuBoZZ2cnIxvvvkGI0eORIsWLfDll18CAJo2bYpp06aVtTNt2jT06tULs2bNQq9evXDOOedgwIAB2L5
9OwAgJycHycnJ+OGHH+D3+5GcnIwnnnii3Hk+/
PDDsvZSU1Mxfvx4PPXUU+jUqRNat26Nhx9+GAUFBWWvKSgowNNPP42UlBQkJycjOTkZo0aNwtatW3H4
8OGQ3r9YU9HFrHv37nj//fcxffp01KlTx6FkoanohklSUhKWLVuGt99+G+ecc46D6YQTNmzYgE8+
+QRjxoxB48aNyz13/PUvNTUVqampAIA//
elP6NTp6DYtmZmZSE5OLuuJqKm+ffsCQLlin5nx3nvvlevd+PjjjzF48GCcd9556Nq1K7Kzs8u1M23a
NPTu3RsbN27Ebbfdhnbt2gEA3n77bfTv3x/nnnsuOnbsiPT0dHzxxRdlxx1/
nQaA5cuX44477sB5552Hzp074/HHHy/37+fY6/FNN91U6efW8RYvXoxmzZqdMDT2tNNOK/v/
ubm5GD9+PLp3745zzz0X119//QmT2ks/S5YuXYpevXqhZcuWSEtLK5sLWdXvqbL3iZkxc+ZM9O/
fHy1btkSPHj3w6quvVvnziP+JlOtsZTfPPB4PPv30UwwbNqxWcoRDpLzHNVHtgqOyX2DHjh0r/
PIsjurXrx8OHz6MO++8E2vXrq1y2NnEiRNx1VVXYc6cOahXrx7S09PLFSrp6el4/
fXX4fF4MHr0aCxZsiTkiX5du3bFmWeeiXvvvRdLliypdJiXx+PBq6+
+isGDB+Ppp59GQUFBucnpAKCUQlJSEqZPn47WrVtXes6vvvoKL7/8Mp588km89957KCoqwtChQwEcLW
yXLFmCM888EzfccAOWLFmCIUOGVPkzLFiwAJ999hleeOEFTJs2DVlZWZg7d27Z82lpaVi0aBGmT5+Ot
WvXolevXmjSpAlefvllNGjQoLpv1Smhsp7MHj16OJTIHpXdMOnWrRs0TVYHPxWtWbMGAIK+qz58+HAY
hgEAGDduHJYsWYLOnTuHlKVZs2a47LLLyhX7mzdvxr59+8oKjn379mHQoEHYunUrHn30UQwYMABjx47
Ff/
7zn3Jt7dmzB16vF1dffTVmzJiB3377Dffffz8aNmyIGTNmYPTo0cjNza1yVar169djyJAhqFOnDmbMm
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IHbb78ds2fPxqOPPnrCa9PT05Gamoo1a9agUaNGJ3xuHSsQCGDNmjVISUmp8t+druvIycnBoEGDMG3a
NGiahuuvvx4//fRTuddt3boVkydPxiOPPIJly5Zh69atePjhhwGc/Pd0/
PsEADNnzsSjjz6KLl26YPbs2ejQoQMyMzPx1ltvVZpV/E8kXWcrunnWtGnTKr+bRINIeo+DddKdxo/
VvXt3fPxxxG4sHJFSUlLwyiuvYPTo0bj+
+uuRnJyMW265BRMnTkS9evXKvdbj8SA9PR3A0R6HIUOGYMeOHTj//POxdu1arFu3Ds8+
+yzS0tIAAGeccQbuvfdejBs3rsZfnJs0aYKlS5dixIgRSE9PR2JiInr27IknnngCrVq1AnD0TuA777y
DrKws3HLLLQCAm2++
+YS2mjVrhqeffvqk5ywoKMDixYvRtGlTAMCIESOQkZGBDRs2oFOnTjjjjDOQkJCApk2bolu3bidtr1W
rVnj++efhdrvRrl07XHzxxWW9L99++y3efvttTJ06FZdffjmAox9md911F0aOHIlLLrmkWu/
TqaL0YrZt27ayu36xoPSGyfr169GhQwen44gIULq89rFzws4555yyXs/
09HRMnTr1hONat24Nl8sFAGjTpk2V16jDhw+XK95dLlelQ2mvueYamKaJ4uJiuN1urFy5Eo0bNy77kv
z888/j119/xbJly8q+NOXl5WHWrFkYMGBAWTs//
fQTHnvsMdx7770Aji6luWfPHkyaNAk33HADAJz0Js6zzz6Ldu3aYd68eQCA66+/
HkSEZ599FqNGjUJycnLZa//+97+XzW+5++678cYbb5R9bh3vwIEDKCoqKrv2V2TDhg14++23MW/
ePNx0000AgGuvvRYXXXQR5syZg7/97W9lry0sLMRLL71U9ju89tprywqwk/
2ejn+fCgoKMH36dGRmZpbdyOvfvz927tyJZ555Bn369KnyPRORdZ1NSUnBhAkTHM0QDpH0HgcrqHLoi
iuuKLe6kqieq6+
+GuvXr8dTTz2Fdu3alU2SO3ToULnXHfsFr3ToSumqHaX7I1x99dVlr7n88stx+PBhfPbZZyHlO++88/
DGG29gwYIFuPbaa/Huu++iT58+Ze1+8MEHAE5+J/
COO+6o1vlcLle5D5wLL7wQAGq8DnzTpk3hdv+vdk5MTEReXh4AlPUoHfshX79+fQA44f0XRy9mLVq0i
Ml/
5126dInKSe8iPErvBh47nPSVV17BkiVL0KRJE1vOMXDgQLRq1arsT2lPbkV69+6N3NxcbNiwAcDR4VW
lq8IBR3tkzjvvvHJ3aDt06ICPP/
4YRUVF5do6drhS27Zt0a5dO0yePBmmaZ7QS3C8QCCAd999FykpKeUe79q1K44cOYJPPvmk3OPNmzcv+
/+JiYkAENJqU6WfN8eev27duvjDH/5wwr9fl8tVrmBMSkoKajGWY9+njRs3Yv/+/
bjqqqvKvaZr167YsGFDRCzyEg0i5TrbpUsX7Ny5Myb344iU9zhYQRccX3/9dUz+AsMtISEBHo8HS5cu
xfTp07Fp0ya88sor1T4+NzcXAHDZZZeVzUMovTu/e/duWzIOGDAAzz//
PFauXInc3FzMnDkTwNG7UgDQqFGjKo+v6Yd06ZC8/
fv31+j4qrRp0wadOnXCvHnzcOTIEQQCAfh8PpxzzjllPR6ivCuvvLLKJQWjVefOnWW1GlGmdCL2sRuJ
du7cGd26dUNcXJwt53jmmWewfPnysj8VDUkq1aVLFzRu3BgrV65EQUEB1q1bV27+Rm5uLrZv3152/
U9OTobX60VxcXG5FXfi4uLKXas1TcPixYvRr18/
LF68GB06dMCIESMqXSr28OHDKCoqKrsxU6p0jkUonzfJycmIi4vDL7/8UulrSj9vjh+q3bBhwxOG8Yb
i+Pfp4MGDAHDCaIHSHHZ9zsa6SLnOtmnTBk2bNi0rYGNJpLzHwQpqSNWll15a9gssHW4jgnfrrbfi/
vvvx48//ljtY0o/HHNycpCQkFDuuTZt2tiar23btujQoUNZvtI7SIcOHcLpp59u67mA/
33A2HVX8Xg+nw9du3ZFixYtAAAtW7aE3+
+P2gnQ4ZaSklJWbMaS7t274/7778f3338v1y9Rdk1dv3592P4+BLPSFRGhb9++WLVqFTp16oT8/
Hxcc801Zc+fddZZuPDCCzF58uQTjj3ZtbNly5Z4/
PHHAQAfffQR0tPTMWHCBMyePfuE1zZs2BANGjQou8lVqvQL+cluPFVF0zRceeWVWLlyJSzLqnDMeenv
5eDBg+Um84fr86fUsZ9zxyr973CeO5ZEynVW07SyOYknG0IYbSLlPQ5WUD0cx/
4CRfVs2LDhhAt36Z2Sc889t9rtlK6RHh8fj27dupX7c8YZZ9Q4365du/
D111+XeywQCGDv3r1l+bp06QLgf5MsQ8XM5YYxlA7fObbHIS4uzrZ9XebOnYtu3bph//792L9/
PzZt2lS2eok4Uffu3WOyJ/PYGyZC9OrVC02bNkVWVlbQw2VKe0Ds3nuqd+/
eWLduHd566y2kpKSUu9veqVMn7N69Gx06dDjhM+D4m1BV6dKlC6688spKNw8DjvZyHr/
a1Lp165CYmFiteXVVSU1Nxa5du8ot7AH874t96ZyVY8//+++/
Y+PGjScM8zqZYH5Pbdu2xemnn37CcNJ169ahU6dOIRVap5JIus6mpKREZU/
AyUTSexyMoKe0x+ovMByYGQ8++CB69+6Nl156CatXr8by5cuRlpaGtm3bYuDAgdVuq1OnTujXrx/
GjBmDN998E6tWrcKECRPK7exeepfrvffeK9drsH//
frz33ntg5hPanTVrFq655hpMnz4dq1evxsqVK3HPPfeULcF77LnHjRuHOXPm4N///
jcGDhyIJUuW1Oh9KS4uhsfjwfvvv493330XTz/
9NPr06YP27duXveaiiy7CunXrsGrVKixdurRG5ym1d+9efPfdd1iyZAlWr16Nzz//
vNyyuaK8aL2YnYzcMBHHatCgAZ588kls3LgRvXv3hmmayMnJQXp6+kmHz5x11llo2rQp3nzzzbLrph1
69+4NTdMwf/
589OrVq9xzGRkZqFu3LjweD1atWoV3330XmZmZJ12oY82aNejWrRumT5+OFStWICcnB2+//
Xa5+YDH+/Of/4wtW7YgMzMTy5Ytw1NPPYVp06ZBKRXyF+
+77roLvXr1wtixY6HrOt566y288MIL6Nu3L1544QV07twZ/
fr1w4MPPgifz4fXXnsNd955J4gIw4cPD+pcwfye6tSpg1GjRsHv9+Pxxx/
H8uXLMWrUKKxYsQJjxowpe93JPlNPdZF0nY3Vm2eR9B4HI+iCI1Z/geFARHjttddwxRVXYOrUqWVL/
PXp0wdLly4NeuM/0zTRpUsXjBkzBkOGDMGWLVvKdRV26tQJKSkpePjhh/
Hiiy8COHo3KTk5GQMHDqzwjlbpKh2vvPIK7rnnHjz44INo0qQJ3nrrrXIFgGEY6NWrF2bOnIkHH3wQj
Ro1wmWXXVaj9yUuLg49e/bEQw89BI/Hg8svvxw+n6/cax5//
HGcffbZGDhwICZMmFDlmN+TGTFiBAoKCpCeno4bb7wRPXr0wCWXXGL7rraxIlovZtUhN0zEsW6+
+Wbk5OSgQYMGmDx5MsaPH4+ff/
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4ZEydOxPjx4ys9zu12wzAMfPPNN7jxxhvLllUNVYMGDdCtWzfk5+efsLt4/
fr1sWzZsrJlxEePHg1mRv/+/
ats86qrrsKYMWOwadMmZGZmYs6cOZgwYUK51Z6O17lzZ7z44ov44YcfoJTClClTMGTIEPz1r38N+Wd0
uVz45z//iaeeego//PAD0tLSMH78eFx55ZVlqx+apok+ffpg1qxZGDp0KH799ddyq1FVV7C/
p5EjR2LChAn4z3/+gyFDhuCNN97AjBkzyq1Qdexn6p49e4J/
A04BkXKdjdWbZ0DkvMfBoJO9gI8r4S3LQrNmzTB58uSqxsUxEUXEgsBZWVn1A4HArwMHDrRnFqAIybR
p0/CPf/yj3CTH2sTM2L59O4YPHw7LsvDOO+/UeoYjR47gjTfeOODxeJJP/
urwY+ZJAMpt6DJjxgzMnDnzhJ2Pj3MFEUXsOtnMXAdAubEyn376KTp27IjvvvuuqrGvG4lIxtzVAtM0
j9x4441Jdk3SFuJUsGLFikO//PLLoGHDhi1zOgszNwaw79jHqnmdfZOIrrM5y+sArj/
2sdTUVDRs2BB+v7+qQ5sQ0b6qXuAkZj4PwLfHPlbN99ggoojZUj3ookDTNIwYMUI2+xNRITs7G3/5y1
/K/
puIcP7556NTp04h9ZrEumuuuQYpKSnIz4UNQAYAACAASURBVM93OoqtLr30UgwePFiWuBRCiDCJpOts
amoqLrjgAqdj2C6S3uPqCmqVqlKPPPKI3TmECIvGjRtjwYIF6NixY9nqJzt37kROTk7ZJobiRO3bt0d
WVpbTMWxXOj5eCCFEeETSdfb22293OkJYRNJ7XF01KjiEqKmBAweWrbhVG2644QZs374djzzyCH7+
+WckJyejffv2ePjhhzF48OBayyGEEEIIcaqSgkPUqrPPPhtnn312rZ7z/vvvx/
3331+r5xRCCCGEEEdFxMRuIYQQQgghRGyqTg/
HwYoetCzLVVRUlJSQkHC4gqdlcWohokcuKvl3fuTIkdPq1KlT4XMAIn0zEwuV/
FxFRUWJRMRut7uin2F/eGMJIUTMCKCK6ywAxMXFVbT6yIEwZDlYWZaTfJbZu4On/
Sp9jwsLC+tomlbsdrsLK3i6sp/XESctOIiowl1+vF5va2ZeahhGW/
tjCSFqCxFNBTC1oueUUr8fOHCgWU5OTl4txwoZEeUDqPD6pZR6kpkPmqY5uZZjCSFEzCCig6j8Ojuem
RNN0wx9A5fqZalwYuaIESPqFRcX7zYMIyq3iyeiH1D5e7zQsqylfr9/
cS3HClqNh1QR0REAdWzMIoSIPC5E/t2fmkggokjvoRFCiGjGRHTS/d7CLT8/
nxC7I29cRBQVn9FScAghqhKTBQcRJSDyh4QJIUTUKtk42vGCo6CgIGYLDmaOms/oGhcc+/
bt+x3ADhuzCCEiz7acnJyouJgFg5nziOg3p3MIIUSsIqLfARxxOkeJbU4HCAdN0w6UDB+OeDUuOHJyc
goBtEtNTY23MY8QIkIopeIAxN4WrUc1B1DkdAghhIhhicxc3+kQDRo0cAE43+kc4WBZVnNmtpzOUR2h
Lot7qF69eg1tSSKEiCjFxcWJAKLizkmwiKgeM1e0wp4QQgh7RMQcjsLCwpgdUqVpWmLM93CUOBgfH3+
aLUmEEBHF7XbH7DwHy7Kk4BBCiPCyiMjx/
d5cLpeGo8ukxxxmTrIsKypWkQzpLwIzby4uLq5nVxghROSwLCtmezgA7NM0LaLWKBdCiFjCRznew1FU
VBSzPRwAklwuV+wXHESURERn2RVGCBE5mDlmCw4iujwQCOQ6nUMIIWIVEVkIfSRNyGK5hwNAYlFRUVR
8Tof6F2Gvy+VqaksSIURE0TQtZodUAUjWNE12FBdCiDCJlGVxi4uLY7qHw+12x34PB4A9lmWdaUsSIU
REidUejkmTJmkA6huGccjpLEIIEcMioodD07RY7uFIKioqiv2Cw7Ks7ZqmuewKI4SIHMzssixri9M57
LZ79+5kAG87nUMIIWLcb8z8q9MhSnzidIAw+fyUWKXK5XL9zMyd7QojhIgcRHS6pmmnO50jDM4C0Mzp
EEIIEeMSicjxUTBEFAfgEqdz2K2kt77n3Llzo2IT25B7OACcZ1MWIUQE0TTtNCKKxZWcziKin5wOIYQ
QsYyIionI7XQOZnYBCDidw27bt29vBOCA0zmqK6S/CAcPHtzeqFGjaCg4tA8//
PB3p0MIAQCBQIBKJtNFNGY+DUBMFhwApOCIAMyMDRs2/H783mCWZbmJCERU7FA0IcLKsqy4ki/
kQX8W5ObmJoQjk92IKFDyZd9RLpfLDSDmriWJiYlR9RkdUsGRk5OTp5R6Nz09/czs7Ow9doWy044dO/
KaNm3q+eGHH5yOIkQZTdMivgAmokbMHDV3T6qLmZMAfOl0DgEws+fHH3+M/
+23387Ny8u7pLCw8GLLslq43e7N9evXX16/
fv3vnM4oRDjs3bv3tsLCwsuJSIuLi9tUp06dTfXr1/86iCY+C1s4m1iWVYwQv2faQdM0NzPHXMERbZ/
RIf9FIKL4+Pj4SwFEZMExadKkYgDZTucQIgo1BPCz0yHsRkQdmXmD0zlOZcOGDTujuLj4uo0bN/
YF0JeZv9U07Q3Lsp4xTXOt0/mEqAXZAOD1eltblnWTpmk3MrMXwGuWZS3x+/
2vORsvdMxcrGma4wVHIBBwa5oWcwVHIBBopGnaqVNwAPgcRyfjvGVDW0KICEFEpwHY5nSOMDifmV90O
sSpRtf1HkTUB8B1lmU1LykwljLzfVlZWbInijgl+Xy+rwE8A+CZzMzMZLfbfZOmaelKqVeZeQmAJQUF
Ba/Nnz8/
UlZ7qjYiCgBwfEhVrM7hiLZ5liEXHMz8XyLqaUMWIUQEYebTLMuKmotZEM5zu93bnQ4R64YNG9bKsqy
+RNSXma9j5o+Y+S3LsjxZWVmbnM4nRKQpKbznlfyBrus3ArgxMTFxslJqK4AlzPyaaZpRcSNI07RiZn
a8hyNWh1QBOLWGVBUWFn4SHx9/gx1hhBARJR/
AXqdD2GnSpEnarl27fpozZ873TmeJRV6v9zpm7oujvRgJzPwmgPmFhYWDsrOzo2KteCEihWmaSwAsAe
DJzMz8o8vlupGIliilLACvEdESn8+3zuGYlbIsK4+IHP9C7HK5yLKsWJzIG09EUTPPLeSCIzs7+3OlV
N/BgwfXXbBgQcRPhBVCVNsVRPS40yHstGPHjstcLlei0zlihVKqHYBuRDSQmfsw8xvM/
GYgELh57ty5XzmdT4hYkZWVtQbAGgDjlFLtmPkmAM8opS5g5pcBLDdNc6mzKU9gAWjhdIji4uI6Mbqn
VDvLsr5wOkR12dLVRURrkpKS/giZxyFELGmen5+/y+kQdtI07WJm/q/
TOaLVfffdl5CXl9db07TrAfQDkAfgBWaeahjGdQ7HE+KUYBjGVgBbAUweOnRoE7fbfQMRKaXUqwBeA/
Cv4uLi153eEI6ICoko3skMAKBpWjwRFTqdw27M3AJR9L3bloKDmdcB6Ioo+sGFEJVTSjUEUBxrvZZEd
DEAKTiC4PF4LtU07Toi6ltQUHCVpmnzmXmTZVmTs7KyYnGYghBRY968eb8AmAtgbmpqqis5OfkmZu7r
drtne73eDcz8GoB/
G4bxY21nY+YCZnZ8zxAiSmDmAqdz2I2ImluWFTU3Be2azPMugEk2tSWEcBgRNWfmqLmQVRcztyeiqU7
niGQZGRn13W73dQCuY+YziOhsZn4DwOOGYaxwOp8QomI5OTkBAP8q+eNVSl1NRDcx80qv1/
sxM28OBAKvZmVl1cpNF03TCpnZ8R4Oy7LiAcRcDweODlfb6XSI6rKl4DAMY7VSqnNGRkZ9p7vwhBChC
wQCzTVNi7mCg4h65uXl3el0jkijlLqcmXsS0S0ALiWiNwC8UVhYuDxSN3UVQlSt5AbBCgCjPR7PpS6X
6zaXy7VIKZXIzP/SNO21cE46L+lViIgeDiKKqR6Onj17ugE09vv9UbOwi23LlTHzf1wu1wAA/
7SrTSGEM4ioOYCYKjgyMzMvBvBdrA0Tq4kRI0bUKyoq6k9E1wHoD2AnM//LsqyHSianCiFiiN/
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v3wxgM4CJmZmZF5T0fDyjlDqXiF61LOtV0zTfsfOcxcXFhW632/
EejpJelpjq4WjXrl0Ly7KipncDsHfL+X8D6AIpOISIekRUz7KsL53OYSe3292BmZc7ncMpuq53ANCPi
C4oLi5OJaJlzPyGy+V6aM6cOTG3o7wQomJZWVnfAJgCYEp6evqZ8fHxtwAYq+v6IiJ63bKsV/x+/
7JQz5Ofn59fr169rSEHDlHJfiBR9eX8ZIqLi8/
UNG290zmCYVvB0bx585d37969CMCf7WpTCOGYK1wuV0wtAmFZVn8cXdP+lJCenp4YFxc34JhejL0All
uWZfr9/
kyH4wkhIkDJkMnZAGaPGDGiXiAQSNU0bYRS6iUiymHmlw3D+E9N2q5Tp04+gCttDVwDzHw6gHpO57CT
pmkXE1Gu0zmCYVvBMWnSJEsptVjX9btN01xoV7tCCEe0Z+ZnnQ5hJyLqEwgERjqdI5wyMjLaut3u64m
oPzMTM/
9qWdYbmqY9YhjGT07nE0JErlmzZh1GyU7nSqk6zJxKRMOUUk8R0fpAIJATTM9HXl5eXt26dZNCycTMn
wG4qAaH1i2dt8HMSUSUF0qOCHSRZVlbnA4RDLu3nF+gadqfAEjBIUR0a19YWBg1GwqdjNfr7cTM27Oy
svY7ncVux6xEMwBAMREtZWZZUUoIUWOGYRwB8DyA59PT0xPj4+PvKOn5eBHAS5ZlLfT7/
e9V1UbdunXzAIRUcODo91RXKA1ompbIzPkh5ogozHwRgBr1PDnF1oLDMIy3lFKjlVJnyd00IaKTx+M5
F8BP2dnZMXOBZuYrmfklp3PYYdiwYWcEAoHriWgAgOuZeS6ALwFcZxjGtw7HE0LEmJLPgucBPD948OC
6derUuV3TtIFKqRwAiwH80zCM1ccfZxhGkVJKS01NdZUs2esIZk5i5piap0ZEFxcWFkbVnlJ293CAmd
8hoj8DGGN320KI8NM0rT0RxUzvRgkPM6c5HaKmlFKXBwKBvpqm3WxZVksAS5n5BSK60zTNIqfzCSFOD
SWr/M0DMG/48OHji4uL79I07QmlVEtmns/
MOSUrYpXKa9KkSRKAwzU9p2VZWLRoEbp164ZWrVrVpImYGlKVlpbWGEBctC1ZbnvBYZrmVKWUBSk4hI
hWUTc2tCq6rrcBkHjch2DEU0oNYObriegGAHtcLterzDzSMIyPnc4mhBCzZ88+AGAWgFlDhw492+12p
2qaNl8pRQAWFhcXv4CjUzlCKjg0TcOjjz6KkSNHYtSoUUEfz8xJAGKm4EhISLiYmaOqdwMIQ8EBAMz8
D13XR5imOSsc7QshwupMy7I2OB3CLkR0KzO/
6HSOkxk2bNgZlmVdw8y3E9ENRLQMwNLi4uLH5s6du9vpfEIIUZl58+btADAVwFSl1CXMfLfb7V4PwOV
yuW7H0cKEa9p+9+7dsWrVqkoLjjVr1iAjIwO5ubn46acTRvTnBgKBQzU9d6TRNO1Cy7I+czpHsMJScA
QCgSfdbvdOHP0LJoSILv2Y2ed0CBsN1TTteqdDVETX9YsA3EhEN1iWdR4zmwDmGoZxC0L4cBZCCKcYh
vE5gIcAPKTr+nYAHZRSxQAWAHi+JgtapKSkYNy4cbAsC5qmlT2en5+PiRMn4qmnnkLDhg2RlHTiHHUi
usDlclU5wT2alMxJjLqfJywFx9y5c3/
zer3PKqX+ahjGY+E4hxDCfkOHDm0CIHnu3LlfOZ3FDh6PpxeAHT6f72uns5TKzMzsrmnaTUR0I4B8AE
ssy/qT3+//0OlsQghhJyL6SdO0uT6fT/d4PGkul2uCUmouM/+fy+VaPGfOnF3VaadHjx7Yu3cvNm/
ejA4dOpQ9PmXKFMycOROzZ8/Gd999h/
nz51d0eANN06Jqz4qT6Klp2iNOhwhWWAoOAPD5fBOVUkfS09OfjqXVboSIZW63uzszr3Q6h100TVPMb
Didw+Px3KRp2k0AbmbmNUT0HmRVKSFE7DsEoCEA+P3++QDmZ2ZmtnS5XAMty/pQ1/
XNRGQahvHvqhpp1aoVWrdujZUrV5YrODweD26//
Xa0bt0a48aNq+zwhiU5ot6wYcNaWZZlGYbxo9NZghW2gqPE8Li4uPEA/
hrm8wghbEBE3Zj5hOUNo1F6evppABqYplnry+HefffdDZKSkga4XK5UZr4ZwGvM/
FpRUdGfsrOzD9Z2HiGEcEiuZVkNjn0gKyvrBwBTAEzRdb0fEelKKQOAkZeXZyxYsKDCL9MVzeNo2rQp
mjZterIMDQKBQEz0cFiW1YOIPnA6R02EteAwDON5pdQHHo8nxe/
3rwrnuYQQtuhuWVaFfdLRJi4u7q8A3q6t83k8nqaapt0K4FYAnQHMY+b5hmHcWlsZhBAikhBRLoAGlT
1vmuZyAMuVUqcDUElJSW8rpb5i5tklz5VJSUnBhAkTahKjQWFhYUwUHAB6WJYlBUdFLMu6W9O0tQDOC
fe5hBA1N3jw4LoA2mRlZW0K1zmYmQDUqcGhBURUXN0XDx48uC4RKcMw6tfgXNVWOjSAmW8hovOJ6F8A
/
uHz+d4N53mFECIaMHMuM1dacJQyDGMfgCcAPKHr+vUARiqlZh4+fLhuvXr1AABdunTBzp078f333we7
H0eDxMTEmCk4mDkq50aHveDw+/
07PR7PZF3Xx5mmOTnc5xNC1ExCQkIXy7IWhPk0XQCsq8Fx43H0w6haEhMT/
1xyjO0yMzMv0DQtlYhuA/ADEW1n5rGGYawNx/mEECKK/
cjM2slf9j+maS4FsNTj8ZwbCATK9h1q06YNmjZtig8++KDaBUd6enoigJWGYUT9Bqkej6cFgD1+v/
87p7PURNgLDgDw+/3/
p5Raruv6p6Zpvlkb5xRCBEfTtHtiYcJ4WlpaYyK6zzCMJna1qZRqx8wDS4qMugByACjDMD6x6xxCCBF
rmLlY07T2NTnW7/d/Z5rmXgCNgaMbAKakpGDVqlUYMmRItdogoiYA2tTk/
JFG07RbiShqN36tlYIDAAzD6KeU+m3w4MFnLliw4PfaOq8QotruOHjw4L1OhwhVUlLSdGa+P9R2MjIy
2rrd7tsBdANwNhG9TETpPp8v6jZcEkIIJ2ia9iszN7arvZSUFMycObPar3e73Y0B/
GrX+Z1ERHcx82inc9RUrRUcAMDMKYmJie/
h6LAKIUSE8Hq9NzDzOzk5OXm1cb4VK1YgLi4O3bp1s7Vdj8dzJTOfZxjGopocr+t6GwC3E9FAAAlE9B
KAB3w+3xe2BhVCiFPDPgCn29VY9+7dcf/99wczj+N0Zt5n1/
mdkpGRcR4zNzEM4yOns9RUrRYcpml+quv6NF3XF5mmOag2zy2EqBwz387MtbZ87MKFC3Ho0CHbCw5N0
x7TNE0Fc8zQoUPPdrvdgwB0IaL2AF6yLCvN7/
dvtjWcEEKcemwtOC699NJg53GcXpIhqrnd7ruYebHTOUIR1EQeO5im+U8iWq+Umlrb5xZCVOqOr7/+
+sXaOlnpOFzLsip8Pi8vDw888ABcLhdmzZpVrTaVUpOYedWcOXP+e7LXpqenn6br+giv17syLi5uNRG
dVlRUNNEwjHaGYTwixYYQQoQuEAj8ipI5GHY4dh7H8SZPnoyffvqp3GNE1JiIYmFI1V2apkV1wVGrPR
ylDMN4Vin1pK7rz5qmGbXj0YSIBZmZmTcDePH999+v9rKzoerRowf27t2LzZs3l9s1FgA+/
PBDZGRkYPfu3ZUWJMfzeDyXArjZNM0OJ3ndHUSURkRdASxi5ocNw4iJjQ6FECLSJCUl/ZKfn7/
DzjZTU1Oxffv2Kl9z3333LdZ1/UlmTiCi7+08f20r+XwrjvahvbXew1HKMIy/
ENEaXdefdiqDEAJwuVz3ElF2bZ6zVatWaN26NVauLL8oVl5eHvr06YOzzjoLa9dWf5VZTdMez8vLu7G
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i57xe73VKqQVKKUvTtBQAMw3DSDYMY6QUG0IIET7PPfdcARG1Gz58eCO72rz99tvx0EMPVfma+Pj4Zw
DMJCIFIN+uczuBiAYAmO10jlA50sNRyjCMHKVUa6XUfMMw0pzMIsSpyOPx/
AHAaU5sVNe9e3esWrUKo0aNKnssKSkJy5Ytw1VXXYUjR45Uqx1d199i5qcWLFjwY+lj6enpHeLj44cA
uIeZP2bmhaZpDrb9hxBCCHEyuwoLC5sDOFBbJ5wyZcpGIuqilPoUwBSlVIFhGP7aOr9dUlNT44loomE
YiU5nCZWjBQcAGIbxhNfrvUcp9YFhGD2cziPEqcTlco1l5qecOHdKSgrGjRsHy7Kgaf/
rbA1mIrmu6zOIaIlhGO+kpaU1TkxMTAcwBMDnzLy+oKCg3fz582Nh/
K4QQkSrnW63uwWAk86vCwMmoi6WZfXXdX11UVHRwOzs7D0O5KiRRo0a/
QXAk07nsINjQ6qO5fP5XrAsa4JSKip3TxQiGnk8nnOZuZNhGDlOnL90Hse2bdtqdLxSaiQAENFupdRr
iYmJW4nozEAgMMgwjLtN05wuxYYQQjhuVyAQaO7QuZsz8y7TNJ8EMDY+Pv4TpVRQKxk67C8HDhyQgsN
Ofr9/VSAQ6KmUsoYOHXq203mEiHVENBaAI70bwNF5HC1atMBHHwW/
rLiu6xnMPIaI2jPzICLyG4bRxOfzPZiVleXEXTQhhBAV26lpWovaPul9992XAKC+YRj7AMA0zbWGYTS
zLOtcpVTEr/ik6/qfAMzMyckpdDqLHSKm4ACArKysHwzD0OLi4lZnZGTYu0C/
EKLMiBEj6gH4o2EYPidzXHnllRUub1gZj8eTpuv6R0Q0h4ieO3DgwM2GYQz0+XyvhzGmEEKImvvasix
XTQ4koouoZgp+++23swAsO75Nv9//FyL6t1Lqq9TU1Hoh/3RhQkR/yc/
Pj4neDSDCCo5ShmG0dLvdQ71e77NOZxEiFgUCgalENMPpHCkpKSesVFWRdevW9VdK5Wuadi0RxW3btq
2OYRhTcnJyDtdCTCGEEDVkWdYeTdOuqu3zut3u1gAqLCh8Pt+LRHR9o0aNXklLS7NtnxC76Lp+t2VZs
2NpWHBEFhwAYBhGJjNvV0p95/V6L3M6jxCxQil1OTNfHgkrdnTv3h1ff/01vv/+
+ypfl5SU9GtRUVFrALcdOHCgc23uGSKEEKLmmPlbAOfX9nmJ6HwA31b2vM/
n+9owjL6JiYlb7Vy21w5EtMDv9z/idA47RWzBAQCGYcwIBAI9mTlbKfVXp/
MIEQuYeTYzD3c6BwBceumlaNq0KT744IMqX9esWbNv4+Li1huGUScnJydQS/
GEEEKEKCsr6wcALVJTU2s0rKqmiOg8Zq56h0AAhmE0CQQCb6ampibVRq6T0XV9NoCI+Iy2U0QXHEDZv
I6ORORWSn2ckZHRzOlMQkQrXdczAHxumubHTmcBAE3TkJKSctJ5HBs3brzHMIyzaimWEEIIe31Tv379
C2rzhER0ARF9U53X/v7779c0atTop3BnOpnMzMyORHSF0/
MrwyHiC45SPp9vomVZw9xu93qlVMxVfkLUBiKadfDgwRFO5zhWZfM46tWrB2bGiBEj0K9fP5nPJYQQ0
eszl8vVqjZPaFlWMqoYUnWshQsX5gYCgQFKqVfCHKtKmqbNYeZhTmYIl6gpOADA7/
dvNAyjBRFdrJQyMzIy2jqdSYhooev6YwC8kbbE3jXXXIOUlBTk5+c7HUUIIUQYMPMuImpfm+ckoisPH
DjwVXVfn5WVtYaIdiilRoUzV2UibQSC3aKq4Cjl8/
nuZeYX3G73v3Vdd3ylHSEindfrvYGILjUM43mnMgwbNuwM0zRHHv94+/
btkZWVhcTERCdiCSGECDMi+pKILqyt8ymlzgewI9gbbD6fbzQzT6zt+RxKqTgAj5im6anN89Ymt9MBa
so0zQ8AXKiUGqmUCgAYaRjGbKdzCRFpUlNTXcz8L8Mw4pw4f0ZGRlu32z0uEAg0S0hIqNm24kIIIaIW
M3/BzOm1db6STWG/
qOGxjzVq1OjvAP5kc6yqLNM0LbMWz1frorKH41iGYcw0DMNdMszqc13XezidSYhI0qhRo6XMfH1tn1f
X9c5er/
dfbrf738y80jTN69LS0hbVdg4hhBDOIqItRHRRbZ2PmS8ioi01OdYwjOkA7rc5UqWUUg8w82afz/
dubZ3TCVFfcJTgkmFWdwKY5PV6Xxw2bNgZTocSwmlKqVFE9JVpmm/
W1jl1Xe+hlHobwCPMPN8wjAtN08yurfMLIYSILIZhHAKw8Z577qmV1QaZuUkgEPis5odztlJqkK2hKl
AyF1mZpvnncJ/
LaVE7pKoipmluAXC1UiqVmTfrum4WFRX9PTs7W2ajilNORkZGW2a+1jCMG2rjfB6P51pN0yYws0VEjx
uGUdHdmn0AVh/
7wJ49ey4AgDPPPLOq5Qu32hhVCCFELWPmgqSkpA4Awr78LBH1ZuYaz1nUNG0FM18HIKy98m63eymA68
J5jkgRUwVHKcMwcgDkKKUeiI+P3+/1ep/dv3//
pEhbnUeIcHK73VuaNWsWH+7zKKX6MPP9ROS2LGuC3++vdFONkjXRUwDA6/Vexsz/
BPDXSNj1XAghRPgQ0afM3AHA8nCfCsAlfr9/c00bKC4u/tDlcj1gY6YTKKUeZea/
m6ZZraV7o11MFhylDMOYBmCaUuqhRo0a5Sqlntm2bduk999/
v9jpbEKEk1JqEzN3mjRpkhWuc+i6fg2ASUR0OBAIPJKVlbU+iHwTmfnmwsLCftnZ2d+HK6MQQoiI8am
maQPDfRKlVEcAm0JpIxAI7HS5XGFbVUspNZyIGhuG8Ui4zhFpYrrgKGUYxj8A/
EMp9XCbNm2OtG3b9kmfzzcJADscTQjb6br+PDNPNU3z03C07/
V6uzLzWGauC2Csz+dbW91jS5YqfAXAq4ZhdAxHPiGEEJEnEAhscrlcfw/
3eSzL6qhpWkgFR3Z2dr5Sqqhnz55uu29SZ2Zm/hHAIJ/Pl2Jnu5GOnA7gBKXUXwFMAvDogQMHHs/
JyQk4HEkIWyilvABONwzD9ot6enp6u/
j4+MkATgcwzjCM1Sc75li6ro8hIq9lWbeF0tUthBAiOimlvikuLu44d+7c38J4jmeY+SvTNM0Q29lvG
EayXbkAICMjo77b7d5pGEZDO9uNBqdED8fxDMN4DMBjSqmJycnJn3q93neZeaphGD86nU2ImvJ6vfcw
8x8Nw0izs91hw4adYVnWU5ZltSCi6T6f7/
Vgjvd4POcS0Wwi2mwYRms7swkhhIgq32qadiWAt8N4jp5EFNJk7/T09DMB2L7gkNvt/
kzTtMvsbjcanJIFRynDMP4G4G8l29ivVEqtJ6JpPp9vndPZhAiGruv9LMu6yzTNAXa26/
V6n7Ysa7BlWWP9fv/
8YI9XSj0K4G4iukf+XQkhxCnvIyLqgjAVHD179nQDuNQwjE9CacftdrcCsNKWUCWUUm9aluUxDON7O9
uNFqd0wVHKMIwZAGaULKc7RSnFlmVN8/v9LzudTMSt/
gAAIABJREFUTYiT0XX9KgCTTNPsYlebSqkHAKRalvUv0zTPrMHxAwCYAP7PMIzz7colhBAiejHzegBD
wtV+27ZtO1uWVelKidVFRFcDsG31KF3XFzHzPL/f/
55dbUYbKTiOUbqcrtfr7app2gNKqSkAphmG8azT2YSoiFKqC4B7DcOwpdjIzMwc4HK5ZjHzy6ZpXhXs
8cOHD28UCAT8RBRfUFBweXZ29h47cgkhhIh+lmWtdblc2eFqn5m7EdGGUNsholZEtNCOTF6v91lm/
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tAwjH/
a0V60OiUnjVfX0KFDz46Li3uAmbsS0SbLsubIZFcRKTIyMtq63e6ldsyL8Hq97QE8x8ybi4qKps6bN2
9HsG14PJ57NU17lJk9pmm+GmomIYQQsUcp9V8iut3n830RhrZfIyJ/sHMNj1Xy3W+1YRgtQ82j6/
oEIoo/lZa/rYz0cFSh5EvXnwBA1/
VhmqbN13X9sKZpc3w+3wsOxxOnsMzMzItdLleOHcVGyZ4YqQDuMwxjRbDH67p+CxFNY+a5hmE0DjWPE
EKI2MXMq3B0A1jbCw4AKQUFBSEN2YqLi7sbQMgjW3RdT2fmRNM0J4TaViyQgqOaTNOcA2COrutXMfMw
pdQsAHOKi4vnzJ07d7vT+cSpo2SH7gWGYYS0KZFSajiA/7MsK93v918c7PGZmZkdXS7XNAC/
Auhumqas8iaEEOJk3gHwR7sb1XX9IgArsrOzD4bY1MAdO3aElE8pdS+AdqZp3hdilpghBUeQTNNcC2D
tiBEj6hUVFQ1zu91veb3ebyzL8skwEhFuXq/
3OmZONwzj0pq2oet6ZwDjiWiXz+fTgj0+MzMzWdO0aUR0MRE94PP5bF3JQwghROwKBALr3G73dJSMIL
FRLwA7Q2lAKTURwOvLly8vCKGNewG0MwxDio1jyBwOGyil+uDoqgsDAMy1LCtb5noIu3k8njRN0+40D
KN/
TdvQdf0fAK62LCszKyvrv8EeX7J61XhmfsA0zQU1zSGEEOLUpZTaysw3mqa5zcY2X2HmF2p68zc9Pf2
0+Pj4/xiGUePeDaXUVABFhmGMq2kbsUp6OGxgGMZbAN66++67G9StWzdD07T5SqkiZp5XVFQ0Nzs72/
bNY8SpRdd1nYj+WNNiQ9f1wUQ0l5kzTNN8KNjjlVJjATxRUmicXpMMQgghBAAw8+sAugGwreAgojYJC
Qnv1vT4+Pj4iQCeqOnxuq4/
QkSfyBzfiknBYaOFCxfm4uhEo2c9Hs8fNE0bGh8fv18p9WpJr0c4d9YUMcrr9T4bCAT2mKaZHuyxHo+
nBRHNBfDTgQMHEnNycgLBHK/r+ggi+jsz+5o3bx4/
adIkK9gMQgghxLE0TVvHzIMAzLWjPV3XO1uWdeS5557LrcnxHo/
nJgB1DMP4T02OL+nZyJVio3JScISJ3+/fCGAjgJEej+eukn095gOYHwgEFtRkOIs49SilXmXmFX6/
f0YNjh0LYGRxcfGQuXPnBrX6lMfjGahp2lQASwC0Mk3zULDnF0IIISqyf//
+t0477TRlV3tEdAWAl2py7KRJk7Tdu3c/bxjGaTU5Xtf1pwH8KHu2VS3oCaMieH6/
f7FhGP0ty+oAYJ/L5VqklNqolBo9aNCgRk7nE5HJ6/
XmWJaVbRhGUMVGZmbmFUqpVcxc1zCMc4IpNrxe7z1KqW+IqJNlWVcZhjHSMAwpNoQQQtgmJyfnsKZpD
Us2r4XH4/le1/WgJnx7PJ79x/
znbZZlbazmceXOs3v37iWWZQ0K5tyllFLLAWyUYuPkZNK4Q0qWFB0MoAeAn0omOp3Su1CeijIyMvpom
vaC3+8/o/SxzMzMZJfL9a1lWT2CXXxA1/
UZRHRFfn5+2vz586s9NlYpNQjAJAAfFhcXT5KlnoUQQoSTruuHmLkeM2tEBAD/
9fv9l1Tn2PT0dD0uLm4mM8cf8/BOv99/
dlXHDR069B6Xy2VomhZnGEacUsrLzB1M0xwebH6l1GfMPNY0zTeDPfZUJEOqHJKVlbUJwCYA8Hg8/
YnonpIhVwsAvFCTDdhE9HG5XMOIqInH48n3+/2JJXN/3gTQyu/3n9Cz0K9fvwbNmzf/
mJnPycrKSip93Ov13sDM8wH81TCMUdU9v8fjuYuIbiOi/
OLi4v5ZWVnf2POTCSGEEOVlZmb+qGna2SUFBkr/
17IsANhS3XaY+SsAv2ia1vyYh1t4PB5mZmRlZVV4Q13TtNaapiUBgMfj4UAgEMjKygrqu3B6enpiXFz
cvwHcY5rm58EceyqTgiMC+P3+ZQCW9ezZM61t27aDAUwone9hWdYLfr//y+OP8Xg8XwOoo2navYZh/
Lu2M4vQ3XHHHedblnW5y+WCpmkJmZmZ+ZqmfW4YRqWrQDVv3nwKgPNdLpdL1/XvioqKLoyPj5/
PzAkAWlV3+FPJvKKJADYGAoGHTNOUQkMIIURYFRQUZCYmJmYTUbPjnmJm/
qS67Rw6dGjzGWec8VsFT1kAKv1O9P/t3XtUVOX+P/
D33swkoqZOooiZgl8VL+QNBBLFQEFSIgtwaanoICKiLs1LXvJC6vEa4hVkAJGWHJNOK45H7QReSsML+
itLF3bS8zXB1DQVREKY2b8/cPbXYQSGyzCi79dariX78sznGXQ/+/
M8z362IAjdJUmCIAgQRREArMLCwoo1Gk3Tys55klqt/
h8rK6vzWq321cTExD+rP4P0OKXqGRUREdFBq9VOEAThAwAPJUn6TKfTper/
gavV6mIrKytrnU73m06nUyclJWVaOGSqIbVavUIUxUWCIMiJvyRJ9xISEp76XM/
EiRMHKZXKdFEU7YDyHiFRFIt1Ot0EjUaTbspnPploSJK0oj7XQCciIqrO5MmT3xdFcb0oiu3123Q63W
0AEx93wJokLCzsuCAIg/
SjJJIkAcD3CQkJlb5HY8qUKackSRr4ONmQ6XQ6CILwvwkJCQ5VnOslCELCzp07u5kaI/
0fJhyNwONpNh8AGA/
gpCRJnwFIe2IoMq+kpCQoNTX1lCXjpJqZMmXKr4IgdKm4XafT3dRoNHYVt4eFhX0PwOPJC2VVCUqFc5
loEBHRM2Hy5MnzRFFcJIqifmWoK8XFxW+mpqb+ZmoZarV6pyiKUwRBwONRix937tzZt7Ljhw4dqujSp
ct/
rKysOuu3PU5SftPpdGcSExODKjt3ypQp7wMIS0hIeNPU+MgQE45GJiws7C1Jkj63srJq9uR2SZKulpa
WBuzatYvzCRuB0NDQYIVCkSyKovx7fDyHFQBuCoJwIyEhQb5wqtXqKEEQVoui2KJiWTqd7heNRtP9aZ
/DRIOIiJ5FarX6U1EUwwC0APBDQkJCvxqeP1kUxR2CILyk0+lyf/31V4+jR4/
eq+L4/7GysvoGQOfH7e0fAHK1Wu2q5OTkSh/
8njJlygJBEHrv3LlzfE3iI0N8hqOR0Wg0B8LCwppU3C4IQieFQvGv4OBgr3379v3XErGR6ZRKZZgkSc
0eX/Ruo/
zCVwjge0mSzmg0mj36Y995551Woih+KAhCC8AgMQEASJJkNEryeNWppShPNN5mokFERM+SxMTEOZMmT
VIpFIrgxw+B19TPkiTdBFBcVFQUVFWyAQCSJHWUJKkpgD8FQbhWVla2Njk5Oa2qcx6v/
FjEZKPuOMJRCwkJCYsVCoWbpT7/7t27AQD0Q4jQ/
x2AThTFv1q1apVlqdjINPfu3fMGoFMqlXesrKzuKhSK+wqF4mkPwKGwsLBPWVmZrSAIWgCCIAhaQRBK
RFF8BOCRKIoPbWxs5GVsCwoKBomi+NDa2voXhUJR1EBVsojS0tKi8PDwsZaOg4gal88//9yqsLDw76I
oGnXgUcO6f//+IIVCcbNZs2Y1WrxEkiSrgoKCITY2Nv9PqVRWmWwAQElJSfvi4uJeL7300q82Njb/
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a8LxHSRJUlpbW1d7LAElJSW7IiIi/
lHZfo5w1IJCoXjbwcFhYMuWLS0dSkUiABsAAZYOhEzWAkDneiinV4WfVQBerYdyn1mSJCEnJ0cLgAkH
EdXI3bt3RQDvDRw4kB2vzwYVgB61PHdwDY93fvynJsdTFfLz85Gfn38OABOO+ta2bVvY2Rk910tEDUS
n0yEnJ8fSYRBR4yV16tSJCQdRHT148AD5+flVHiNWuZeIiIiIiKgOmHAQEREREZHZMOEgIiIiIiKzYc
JBRERERERmw4SDiIiIiIjMhgkHERERERGZDRMOIiIiIiIyGyYcRERERERkNkw4iIiIiIjIbJhwEBERE
RGR2TDhICIiIiIis2HCQUREREREZsOEg4iIiIiIzIYJBxERERERmQ0TDiIiIiIiMhsmHEREREREZDZM
OIjoqW7cuIGEhATcunXL0qEQEZGF7N+/
H1lZWZYO45ly4MABZGZmVnnM+fPnkZqaitLS0iqPe1HaWiYcZODMmTPIyMiwdBj0DEhNTcWCBQuQmpp
q6VCIiKgWDh06hBMnTtT6fJ1OhwkTJmD8+PH1GFXjpv9OQkJC5G2XLl3C9OnTkZeXJ29bvnw5Zs2ahT
NnzlRZ3ovS1jLhaIQiIiKgUqmgUqnw2muvYejQoVizZg2Ki4tNLqOkpAS//PKL0fZ169Y1un/
0b7/9NlQqFeLi4oz2RUREYODAgXUup6HodDr85z//waNHj6o8LiUlBSqVCr/
99pvZYhk3bhwWLlyIcePGme0ziIheVL1794ZKpcK///1vg+3z58/
H0KFD6+Uz0tPTER0dXevzRVHEjh07sG3btnqJxxSXLl1CVFQUevbsiR49euDdd981GGHp3bs3Zs6cWe
n5zs7OmDVrVqX779+/
D5VKhe3btxvt69evHyIiIuSfn9Ym67+ThIQEedvly5eRlpaGhw8fytvmz5+PlStXwtXVVd5WUFCAa9e
uGXzmi9LWMuFopOzt7ZGRkYH4+Hi4urri008/
rVEPxJw5czB58mQzRtgw7t69i+PHj8PW1rZOQ771VU5d7dmzB25ubrh7967FYtDr0KED5s2bh/
bt21s6FCKi55JSqTS4cX0WjRkzBqNHj26Qzzp27Bh8fX1x9epVLF+
+HKtXrwYAbN26tUE+v6LK2uTg4GC89957VZ7r7u6OyMhIKJVKeZuXlxe2bNlicNyL0tYy4WikmjZtCk
9PT/
j7+2P9+vVYvnw5Dh8+jKNHj1o6tAaVlZUFURQxY8YMfPvttwa9C+YuJy8vD0uWLKl2NKIxeR7rRET0L
BIEAcOHD0dWVtZTZxy8aLRaLRYuXIiOHTsiLS0NISEhGD16NNLT05GcnGzp8KiOmHA8J4YPHw4AuHjx
IiZNmoR+/foZ7NdqtejatStmz54NlUqFtLQ0XLx4ESqVCgEBAUblpaenw83NDV27dsWiRYtQUlJisP/
gwYMYM2YMHB0d4erqipUrV0Kn08n7T548CZVKhZMnTyIwMBCdOnWCv78/
srOz67XeWVlZ8PDwwPDhw1FaWlrr0YnqyikpKcH69esxePBgeTrbzJkzkZubi/
z8fADA3r175br6+vri9OnTBmUEBwdj8eLFWLduHVxcXIy+Ww8PD3mYuEePHlCpVPjrr79qVR9JkrB16
1a89dZb6NSpE7y8vPDll1/WqE5P/g6fLHfTpk3w8/NDp06dEBAQgK++
+qpWMRIRvegGDx4Me3v7aqcsFRQUYPHixRgyZAgcHBwwatQoXLhwweAYnU6H1atXw9PTEz179sTixYu
N2m6g/
FnN8ePHw9HRER4eHti1a1eVnx0YGGgwg+Ly5csICQlBr1690K1bN7z77rs4cOCA6ZWuRHZ2NnJzcxEW
FobmzZvL20VRRKtWrepcfk1V1SYHBwcjODi4yvNjYmLQrl07AMC+ffugUqlw9epVaDQaqFQqefTmaW2
tVqvFqlWr8Oabb8LBwQFjx47FH3/8Ie8vKSlBZGQkXF1d5XuOLVu2GNyHPWuYcDwnrKysAJT3mPj5+e
Hq1avIzc2V958+fRp37txBYGAgMjIyMGzYMDg4OCAjIwPr1q0zKCs3NxdffvklPv74Y3z00UdITExEU
lKSQVkTJ06EjY0NNm/ejJCQEOzYseOp80RDQ0MRHByMEydOoHXr1ggNDa233nOtVovMzEx4enqie/
fusLe3r1XCYUo5EyZMwJ49exAbG4vvv/
8e3t7esLW1RXp6OhwcHHDkyBFMmzYNoigiNjYWHTt2RHBwsJyM6KWmpuLHH3/
EZ599hpiYGIPvdsuWLfK80927d+PAgQOwtrau1XezdetWREdHw83NDTt27EDfvn2hVqsN5gpXV6en2b
x5M1avXg13d3fs2LEDXbt2xdmzZ2sVIxHRi66oqAhqtRp79+41uKGsaMqUKdi3bx/
GjRuHmJgYiKKIUaNG4ffff5eP2bJlCzZs2ABvb29s3LgRAPCvf/
3LoJzbt29j3LhxyM3NRXR0NEaOHIn58+cbHVeVxYsXIy8vDwsXLsT69ethZ2dXL7MrTp06BQDw9PSsc
1n1oT7bZC8vL2RkZMDOzg4BAQHIyMjAxIkTKz1+3bp1iImJweuvv46YmBj88ccfCA4OhiRJAIC4uDjs
378fkyZNws6dO+Hh4YFDhw6hrKysVvE1BIWlA6D68dNPPwEAevXqhb59+0KpVCIrKwtOTk4AgKNHj6J
du3bw8vKCIAhIS0vD9evXn/
ofW6lUIjExUf6P9dlnn8nlA8CmTZvg5OQkD3GOGjUKgiBg06ZNmDlzJlQqlXzsqlWr5HmO77//
Pg4dOoRr166hS5cuT61HQUGBwc8vv/
xypXU+deoU7ty5g8GDBwMAhg4davTwnSmqK+fy5cv45ptv8Omnn6J///4Ayi/
+Y8eORVRUFJydnbFt2zZ06NBBHkUIDAyEt7c3kpOTsWTJErmszp07IyUlBQqFAk5OTujdu7f83bq4uM
hJoqurq9wzUlMlJSWIjY2FWq3GsmXLAABvvfUW8vLysGHDBvj6+ppUp4pKS0uxbds2hIaGYsWKFXK5R
ERUO48ePcLUqVOxceNGJCUlYcGCBUbH5OTk4JtvvkFycjICAwMBlM9q6NWrF+Li4rBixQpotVrEx8cj
JCRE7vzz9/fHpUuXUFhYKJeVkpKCO3fu4MCBA+jatSsAoLi4GNu3b8fIkSNNivnHH3/
EiBEj8MEHHwCAHFNlTG3Xb9+
+DaD8GdVnQX21yQDQtm1btG3bFk2aNEG7du2qTKqKi4sRFxeHoKAgxMbGAih/
HqRv3744fPgwfHx88NNPP8HOzg6RkZEAAD8/
v1rH1lA4wtHIFRQU4IsvvsDixYvh7u6OIUOG4OWXX8bgwYMNeumPHDkCPz8/
CIJQbZldunQxyOJtbGzkFbC0Wi2ysrLkm3M9Dw8PPHz4EOfOnTPY3qFDB/
nv+jIrez6iqKgInTt3NvgTExNTaZxZWVmwsbGRV6EaNGgQbty4YRRDdaorR6vVAgCaNWsmn9OiRQsA5
atdlJWV4dtvv4W3t7e8XxAE9OvXzyiWdu3aQaH4vzzf2tq6RquLmeLs2bP4888/8cYbbxhs9/
DwQE5ODoqKiqqt09OcOXMGt2/
fNiqXiIhqTpIkaLVatG7dGiEhIUhJSUFJSYlRO33s2DEAMGh3mzVrhgEDBshTdy9duoQbN24YXZ8rTk
U6ceIEHB0d5WQDAPr27YszZ85U+74IPX9/
f3zxxRdYu3at0bSuimrargN4pqcFNYScnBwUFhYarFRmZ2cHBwcHeUaBn58ffv31V8yYMQNHjx5tFN8
ZRzgaqcuXLxuMJAwfPhxr1qyRf/bz88OSJUvw8OFDPHz4EDk5OZgzZ06dP/
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fBgwcoLS2Vb0719Be169ev17rsZs2a4eDBgwbbXn311UqPz8rKgpeXl3wD7+PjI2/
X99qborpyunXrBhcXFyQnJ2PkyJFo0qQJ4uPj8dprr6F///
4oKipCWVkZUlNTjZYUfvKi3lDu3bsHwLgXqWXLlgDKf0fV1amqci0xl5aI6HmknyITHh6OXbt2Yd+
+fQadUgDkFZL013C9li1byg+b6zuKKrbNFRUUFODKlSsG9w96N2/
erLLN1YuOjkbHjh3x3XffYePGjXB3d8fKlSvx+uuvGx1bk3a9TZs2AIBbt24ZPMPxotGPSEVGRsojGH
r6e6ygoCCUlZXh0KFDCA0Nha2tLZYsWVLtaJMlMeFopOzt7REXF4cmTZqgW7duRheigIAALFiwAJmZm
SgqKkKLFi0MeuBrq2XLlnj55ZeNhkj1N6OtW7euU/
lubm4mHXf9+nWcP38e58+fN7pwZmZmYt68efVaTnx8PDw8POQLZadOnaDRaGBjYwOg/Obez8/
PaGni2s73rAv90noVRyr0P+sv6tXVqSI7O7unlktERHXj5OSEYcOGQaPRwNfX12CfforRvXv38Morr8
jb79+/L1/
PbW1tAZR3Clalffv26NGjB9auXWu0T19GdZo3b47Zs2dj9uzZyMvLQ3h4OCZMmIBz585BFI0nzpjarr
u4uAAAjh8/DkdHR5POqY3mzZtDqVQaTDXT+/
PPP6ucyt0Q9G34smXLMGDAAIN9+mldgiBg7NixGDt2LB48eIBly5ZBrVbDyckJ3bt3b/
CYTcGEo5HSL4tbGTs7O7i6uuLw4cMoLi7GsGHD8NJLL8n7FQqFPK2mptzd3Y1Wm8rOzoa1tXWDPez19
ddfAyh/CPvJZCs9PR27d+/GzZs3TZpvaWo5SUlJ8PT0RHp6+lPLcXd3x40bN+pcf33PVm1/
NwDQvXt3tGnTBqdOncLbb78tb8/OzoaLi4ucFFZXp4qcnJxga2srrzxGRET1Jzw8HCEhIUY3/
voXx2VnZ2PUqFEAyqcqnT17FhMmTABQ3mFka2uLixcvGpxbcZEWFxcXHD9+HH379q10FCE3NxcODg5o
0qRJtTG/+uqreOedd/DRRx/
h1q1bcsdUbbzxxhtwdHREfHw8Ro4caZBcFRQU1FsiYGVlhR49ehisCgUAP/
zwAwoLCw1eFlwfbfKTlEpltWV1794dtra2KCkpMemeonnz5pg0aRKSk5Nx4cIFJhzU8Pz9/
ZGYmIiSkhL87W9/M9jXs2dPpKWl4eDBg3j06BF8fHxMHsL88MMPMXLkSKjVarz33nv4+eefERsbi/
Dw8DqPcJgqMzMTzs7ORg+5KZVK7N69G5mZmXj//ffrrZybN2/iv//9LzIyMqBSqdCyZUt069ZNviB/
+OGH8Pf3R3R0NLy9vXHr1i3ExcVh6dKlNUpCevXqBaB8id0+ffrIvVGV2blzp0Gi5OzsjBEjRmDmzJn
45JNP0LRpUwwYMAAHDx7EkSNH8Pe//
10+tro6VWRjY4MZM2YgOjoa1tbWcHV1xddff43mzZtj1apVJteRiIiM+fj4wMnJCceOHUPPnj3l7a6u
rvD398e8efOQn58POzs7aDQaCIKAadOmAShvsyZPnoykpCT4+vrCy8sLKSkpOHbsmLx4DABMnjwZCQk
JCAsLw/Tp0/
Ho0SPs2bMHTk5OmDdvHtLS0jB9+nQEBAQgJSXFKMbbt28jMDAQvr6+cHNzg1KpREpKCvr371+nZENfh
7Vr12L8+PHw8fFBWFgYevfuja+++grHjx/
HyZMn5RU5L168iPXr1xucP3XqVJOTkqioKISHhyM0NBRBQUHIy8vD1q1b4eHhYdChZmqbrE8SDx8+DF
tb20rvhXr16oXs7Gx89913uH//
vpxAPknf1q5fvx729vbo3Lkzfv75Z+zduxfp6elQqVQYM2YM7Ozs4Onpifbt20Oj0aBVq1YGbzV/
1jDheI75+fkhOjoaSqVSfk+HXmhoKH755RdMmzYNOp0Oqamp8PLyMqlcV1dX7N27F6tWrUJ4eDhKS0u
hVqvx8ccfm6MaRh49eoSjR48azW0EgIEDB0KlUiErK6vahKMm5URGRuKDDz5AaGiofEybNm2wd+9e9O
vXD66urkhPT8cnn3wCjUYDe3t7eHt717inwdnZGWvXrkVsbCyuX7+OpUuXVplwbN+
+3eDnuXPnYsSIEYiKioIkSdizZw82b96MVq1aYfPmzQZD9dXV6WmioqJQVlaGtLQ0JCUlYcCAAfXybB
AR0YtOEASo1eqnTglOSEjAwoULsX37dly7dg1OTk74/
PPPDd5OPXfuXNy+fRvh4eEoLCxEeHg4Jk6cKC83C5Q/
43HgwAHMnj0bkyZNQtOmTeHq6iqvOOjo6AilUolu3brJ55SVlclvy27Tpg22bt2KXbt2Ye7cubCxscH
w4cPrrR3w8fFBZmYmNm/ejB07duD333+Hs7MzNmzYICcbAHDu3DmDRVlEUcTs2bNN/
pygoCBIkoSkpCRERkbiwYMHCAwMRGxsrMGbwU1tk11cXDB48GAsWrQIABAREfHUz125ciXmzJmDoKAg
tG/fvtLpZlFRUdDpdNi2bRuuX7+Orl27YuzYsWjRogUEQUBsbCzi4+Oxfft23LhxA0OGDMH+/
fvRsWNHk7+Dhlb9kkVkJDk5+ZSbm9vAumbzDSE0NBSCIPAtnfVIkiRcuXJFTtYyMzMtHVKdNcY66XQ6
/OMf/9CGh4ez44SIaiQ+Pl4J4K/g4GCu1lmNPn36ICAgACtXrrR0KPSMunDhAi5evLhi6tSpyys7hv/
RnmOHDx9GRkYGwsLCLB1Ko7Zr1y4sXLhQ/lkQBHTp0gUuLi5VvqjpWfY81omIiOrXP//
5T1y7dg1vvvmmpUOhRo49g8+h69evIywsDKdPn8aaNWswaNAgS4fUqL3yyitITU1Fv3795NVC8vLysG
/fPowePdrC0dXO81gnIiKqPz/88AMmTpyIuXPnysvFE9UWE47nkP4lQjExMc/
sagWNSUBAAK5cuYKlS5fi1q1bUKlU6NmzJxYtWmS0DG5j8TzWiYiI6k+fPn1w/
vx5k97NQVQdJhzPoaZNmxo8CEx1N2vWLMyaNcvSYdSr57FORERUPwRBYLJB9YbOnPKUAAABJUlEQVTP
cBARERERkdkw4SAiIiIiIrNhwkFERERERGbDhIOIiIiIiMyGCQcREREREZkNEw4iIiIiIjIbJhxERER
ERGQ2TDiIiIiIiMhsmHAQEREREZHZMOEgIiIiIiKzYcJBRERERERmw4SDiIiIiIjMhgkHERERERGZDR
MOIiIiIiIyGyYcRERERERkNkw4iIiIiIjIbBSWDqAxkiRJd+HCheLLly+XWToWoheVJEkAYGPpOIio0
RJOnDhRaOkgiBq7wsLCl6o7hglHLZSVlX10584dO0vHQUTQWjoAImp8wsPDy+Lj48fm5+dbOhSi54Io
ij9bOgYiIiIiIiIiIiIiIiIiIiIiIiIiIiIiIiIiIiIiIiIiIiIiIiIiIiIiIiKix/4/
Xhl0pL5D4S0AAAAASUVORK5CYII=" alt="Diagram" /></div>

#### Python: The AI Agent's Brain

**What it 
is:** Python is a high-level, interpreted programming language widely 
celebrated for its simplicity and readability. It's the **lingua franca of 
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machine learning and artificial 
intelligence**, making it an indispensable tool for AI development.

**Why it's important:** Most cutting-edge AI frameworks (like TensorFlow, 
PyTorch, LangChain, LlamaIndex) and libraries are built with Python. This makes 
it the primary language for developing the intelligence, reasoning 
capabilities, and decision-making logic of your AI agents. When an AI agent 
needs to perform complex data processing, interact with a large language model 
(LLM), or implement sophisticated algorithms, Python is usually the tool of 
choice.

**How it functions:** You'll write Python scripts that define your agent's 
behavior, its interaction with LLMs, and how it translates high-level goals 
into executable shell commands. Python's rich ecosystem provides libraries for 
everything an AI agent might need, from natural language processing to API 
interactions.

#### Node.js: The CLI Utility Powerhouse

**What it 
is:** Node.js is a JavaScript runtime built on Chrome's V8 JavaScript engine. 
It allows you to run JavaScript code outside a web browser, making it excellent 
for building fast, scalable network applications and, crucially for us, robust 
command-line tools.

**Why it's important:** While Python handles the AI's core logic, many modern, 
high-performance command-line tools and utilities are built with Node.js. Some 
AI agent frameworks, CLI wrappers for LLMs (like `gemini-cli`), or custom 
development tools might be Node.js-based. Familiarity with Node.js allows you 
to leverage these tools and even build your own fast, responsive CLI interfaces 
that your AI agents can interact with.

**How it functions:** You might use Node.js-based CLIs *alongside* your Python 
AI agents, or even write agent-orchestration scripts in JavaScript if that's 
your preferred language. It offers flexibility and access to a vast ecosystem 
of CLI-focused packages.

#### Git: Version Control for Your AI Projects

**What it is:** Git is a free and open-source distributed version control 
system. It's designed to handle everything from small to very large projects 
with speed and efficiency. Think of it as a super-powered "undo" button and a 
collaboration hub for your code.

**Why it's important:** As you build, iterate, and experiment with AI agents, 
you'll be writing code, configuration files, prompts, and possibly even 
managing training data. Git is absolutely essential for tracking every change, 
collaborating with others, experimenting with new ideas in isolated branches, 
and reverting to previous stable states if something goes wrong. It's the 
safety net and collaboration backbone for all your development efforts.

**How it functions:** You'll use fundamental Git commands (like `git clone` to 
get a project, `git add` to stage changes, `git commit` to save them, and `git 
push` to share them) to manage your agent's codebase, ensuring you can always 
trace its evolution and work effectively.

#### Modern Terminal Emulators and Multiplexers

**What they are:**
* **Terminal Emulators:** These are applications that provide a graphical 
window to interact with your operating system's shell (e.g., Bash, Zsh). 
Examples include iTerm2 (macOS), Windows Terminal (Windows), Alacritty, and 
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Kitty (cross-platform).
* **Terminal Multiplexers:** Tools like `tmux` or `screen` that allow you to 
manage multiple terminal sessions within a single window. You can split windows 
into multiple panes, create new windows, and detach/re-attach sessions without 
losing your work.

**Why they're important:** When working with AI agents, especially multi-agent 
systems, you'll often need to monitor logs, run agents, observe their output, 
and interact with different processes simultaneously. Modern terminal emulators 
offer better customization, performance, and features (like tabs, panes, 
search). Multiplexers like `tmux` are invaluable for orchestrating complex 
workflows without juggling multiple separate terminal windows, allowing you to 
keep all your AI agent interactions in one organized place.

**How they function:** You'll run different agents, monitor separate logs, or 
interact with different parts of your system in separate panes or windows 
within a single `tmux` session. This significantly improves your workflow 
efficiency and keeps your terminal clutter-free.

#### Shell Scripting: The AI Agent's Language

**What it is:** Shell scripting involves writing sequences of commands for the 
shell (e.g., Bash, Zsh) to execute. It's how you automate repetitive tasks, 
connect different command-line tools, and control your system from the 
terminal.

**Why it's important:** This is where the rubber meets the road for CLI-first 
AI. Your AI agents will often *generate* shell commands. Understanding how 
these commands work, how to chain them with pipes (`|`), redirect input/output 
(`<`, `>`), handle environment variables, and manage conditional logic, is 
absolutely fundamental. It's the language your agents will "speak" to the 
operating system to perform actions.

**How it functions:** You'll write simple scripts to test agent outputs, 
orchestrate agent startups, or create wrapper scripts that integrate AI agent 
logic with existing system utilities. A solid grasp of shell scripting allows 
you to effectively design, debug, and understand the commands your AI agents 
produce.

### Step-by-Step Implementation: Setting Up Your Environment

Alright, let's get these essential tools installed and configured! We'll 
proceed step-by-step, explaining each command along the way.

**Important Note for Windows Users:**
We highly recommend using **Windows Subsystem for Linux 
(WSL2)** for a smoother experience. It provides a full Linux environment 
directly within Windows, making many of these command-line tools behave just 
like they would on macOS or Linux. If you're not using WSL2, some installation 
instructions might differ slightly (e.g., using official installers instead of 
package managers). For this guide, we'll primarily assume a Unix-like 
environment (Linux/macOS/WSL2). If you haven't set up WSL2, you can find 
instructions on the [official Microsoft WSL documentation](https://
learn.microsoft.com/en-us/windows/wsl/).

#### Step 1: Install Python (Version 3.12.x)

We'll aim for Python 3.12, the latest stable release as of our guide's 
publication date (2026-03-20). It's crucial to use virtual environments to keep 
your project dependencies isolated.

**1.1. Check Your Existing Python Installation:**

AI VOID [https://aivoid.dev]

Setting Up Ai Ready Terminal Environment 265



First, let's see if you already have Python installed and which version. Open 
your terminal and type:

```bash
python3 --version

What to observe: * If you see Python 3.12.x  (or newer), great! You might be

good for this step. * If you see an older Python 3.x.y  (e.g., 3.9.x ), we'll

proceed with installing 3.12. * If you get command not found , Python isn't

installed, and we'll install it.

1.2. Install Python 3.12:

Choose the method appropriate for your operating system:

For macOS (using Homebrew): Homebrew is a fantastic package manager for

macOS. If you don't have it, install it first by running this command in your

terminal:

/bin/bash -c "$(curl -fsSL https://raw.githubusercontent.com/Homebrew/install/
HEAD/install.sh)"

What it does: This command downloads and executes the Homebrew

installation script. You might be prompted for your password. Once

Homebrew is installed, proceed with Python:

brew install python@3.12

What it does: This command tells Homebrew to download and install the

specified Python version. Homebrew usually manages linking it correctly.

Post-installation: Homebrew will typically provide instructions to add

Python 3.12 to your system's PATH . You might need to add a line like 

export PATH="/opt/homebrew/opt/python@3.12/bin:$PATH"  to your

shell's configuration file (e.g., ~/.zshrc  if you use Zsh, or ~/.bashrc  if you

use Bash).

For Linux (using apt  for Debian/Ubuntu/WSL2): First, update your package

list:

sudo apt update

What it does: This command refreshes the list of available packages from

your distribution's repositories. sudo  is used to run the command with

• 

• 

• 

• 
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administrative privileges. Then, install Python 3.12 and its virtual

environment module:

sudo apt install python3.12 python3.12-venv

What it does: This command installs the Python 3.12 interpreter and the 

python3.12-venv  package, which is essential for creating isolated Python

environments.

For other Linux distributions: Use their respective package managers

(e.g., dnf install python3.12  for Fedora, pacman -S python312  for

Arch Linux).

For Windows (recommended via WSL2 or official installer): * WSL2: Follow

the Linux instructions above inside your WSL2 terminal. This is the most

recommended approach for a consistent experience. * Official Installer: If you're

not using WSL2, download the installer directly from the official Python website.

Make sure to check the box that says "Add Python to PATH" during

installation. This will ensure Python is accessible from your command prompt or

PowerShell.

1.3. Verify Python Installation:

After installation, it's crucial to open a new terminal window (or restart your shell

with exec $SHELL ) and verify the version:

python3 --version

What to observe: You should now proudly see Python 3.12.x . This confirms

Python is correctly installed and accessible.

1.4. Set Up a Python Virtual Environment:

Virtual environments are crucial for managing Python project dependencies.

They prevent conflicts between different projects by giving each project its own

isolated set of installed packages. This is a best practice you should always follow.

First, navigate to a directory where you want to store your AI projects. Let's create

one if you don't have it:

• 

• 
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mkdir -p ~/ai_projects
cd ~/ai_projects

What it does: mkdir -p  creates the ai_projects  directory inside your

home folder ( ~ ) if it doesn't exist, and the -p  flag ensures that parent

directories are also created if necessary. cd  changes your current directory

to it.

Now, create a virtual environment named .venv  (a common and recommended

convention):

python3 -m venv .venv

What it does: This command uses the venv  module (part of Python's

standard library) to create a new directory named .venv  inside your current

folder. This directory contains a minimal, isolated Python installation and its

own pip  installer, completely separate from your system's global Python.

1.5. Activate the Virtual Environment:

To use the virtual environment, you need to activate it. This modifies your shell's 

PATH  to prioritize the Python and pip  executables within your .venv .

source .venv/bin/activate

What it does: The source  command executes the activate  script, which

sets up your terminal session to use the Python environment located in

.venv . What to observe: Your terminal prompt should change, usually

showing (.venv)  at the beginning, indicating that the virtual environment

is active.

Now, any Python packages you install using pip  will be contained within this

.venv , keeping your projects tidy!

Step 2: Install Node.js (Latest LTS Version 20.x)

We'll install the latest Long Term Support (LTS) version of Node.js, which is 20.x

as of this guide. LTS versions are recommended for stability.

2.1. Check Your Existing Node.js Installation:

Let's check if Node.js and its package manager ( npm ) are already installed:

• 

• 

• 
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node --version
npm --version

What to observe: * If you see v20.x.y  for node  and a compatible npm  version,

you're all set! * Otherwise, we'll proceed with installation.

2.2. Install Node.js 20.x LTS:

For macOS (using Homebrew):

brew install node@20

What it does: Installs the Node.js 20 LTS version via Homebrew. Similar to

Python, Homebrew will guide you on PATH  setup if necessary, usually by

creating symlinks.

For Linux (using nvm  - Node Version Manager - highly recommended):

nvm  is an excellent tool for managing multiple Node.js versions on your system,

preventing conflicts. First, install nvm :

curl -o- https://raw.githubusercontent.com/nvm-sh/nvm/v0.39.7/install.sh | bash

What it does: This command downloads and executes the nvm  installation

script. It will add nvm 's initialization commands to your shell's configuration

file (e.g., ~/.bashrc , ~/.zshrc ).

Post-installation: Close and reopen your terminal (or source ~/.bashrc  /

source ~/.zshrc ) to load nvm . Then, install the latest LTS Node.js version

using nvm :

nvm install --lts
nvm use --lts

What it does: nvm install --lts  downloads and installs the latest LTS

version of Node.js. nvm use --lts  then configures your current shell

session to use that specific version.

For Windows (recommended via WSL2 or official installer): * WSL2: Follow

the Linux nvm  instructions above inside your WSL2 terminal for the most

consistent experience. * Official Installer: If not using WSL2, download the

installer from the official Node.js website. The installer will automatically add

Node.js and npm  to your system's PATH .

• 

• 

• 

• 
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2.3. Verify Node.js Installation:

Open a new terminal window (or restart your shell) and verify:

node --version
npm --version

What to observe: You should now see v20.x.y  for Node.js and a compatible

version for npm .

Step 3: Install Git

Git is usually pre-installed on macOS and many Linux distributions. Let's check!

3.1. Check Your Existing Git Installation:

git --version

What to observe: You should see git version 2.x.y  (e.g., git version

2.43.0 ). If not, or if the version is very old, let's install or update it.

3.2. Install Git:

For macOS (using Homebrew):

brew install git

What it does: Installs or updates Git using Homebrew.

For Linux (using apt  for Debian/Ubuntu/WSL2):

sudo apt update
sudo apt install git

What it does: Updates package lists and installs the Git version control

system.

For Windows (recommended via WSL2 or official installer): * WSL2: Follow

the Linux instructions above inside your WSL2 terminal. * Git for Windows:

Download and install from the official Git website. This installer also provides Git

Bash, a Unix-like terminal environment that can be very useful on Windows.

3.3. Configure Git (First-time setup):

It's a crucial best practice to configure your name and email for Git commits. This

information is attached to every change you save, identifying you as the author.

• 

• 
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git config --global user.name "Your Name"
git config --global user.email "your.email@example.com"

What it does: These commands set your global Git username and email.

Replace "Your Name"  and "your.email@example.com"  with your actual

name and email. The --global  flag means these settings apply to all your

Git repositories on this machine.

Step 4: Install a Modern Terminal Emulator & tmux

This step is highly recommended for a significantly better and more efficient

development experience, especially when orchestrating AI agents.

4.1. Choose a Modern Terminal Emulator (Optional but Recommended):

While your system's default terminal works, modern emulators offer improved

features, customization, and performance.

macOS: iTerm2 is a popular, feature-rich upgrade from the default

Terminal.app.

Windows: Windows Terminal (available from the Microsoft Store) is a

powerful, customizable, and modern terminal application that supports

multiple tabs, panes, and profiles (including WSL).

Cross-platform: Alacritty or Kitty are fast, GPU-accelerated terminal

emulators known for their performance.

Install your chosen emulator according to its official documentation. This usually

involves downloading an installer or using a package manager.

4.2. Install tmux  (Terminal Multiplexer):

tmux  allows you to manage multiple terminal sessions within one window,

essential for complex AI agent workflows where you might be running several

processes concurrently.

For macOS (using Homebrew):

brew install tmux

What it does: Installs the tmux  utility via Homebrew.

For Linux (using apt  for Debian/Ubuntu/WSL2):

• 

• 

• 

• 

• 
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sudo apt update
sudo apt install tmux

What it does: Updates package lists and installs the tmux  terminal

multiplexer.

4.3. Basic tmux  Usage:

Let's learn a few essential tmux  commands to get started:

Start a new tmux  session: bash tmux

What it does: This command launches a new tmux  session, which will

take over your current terminal window. You'll see a green status bar at

the bottom by default.

Create a new pane (split window) vertically: Ctrl+b %

What it does: Hold down Ctrl , press b , then release both and press 

% . This splits your current window into two vertical panes.

Create a new pane horizontally: Ctrl+b "

What it does: Hold down Ctrl , press b , then release both and press 

" . This splits your current window into two horizontal panes.

Move between panes: Ctrl+b <arrow key>

What it does: Hold down Ctrl , press b , then release both and use

an arrow key (Up, Down, Left, Right) to navigate between your active

panes.

Detach from session (leave it running in the background): Ctrl+b d

What it does: Hold down Ctrl , press b , then release both and press 

d . This detaches you from the tmux  session, returning you to your

regular terminal. The tmux  session and all its running processes

continue in the background.

Re-attach to the last session: bash tmux attach

What it does: This command re-attaches you to your most recently

detached tmux  session, allowing you to pick up exactly where you left

off.

Don't worry about mastering tmux  now; we'll revisit its power and advanced

features when we deal with multi-agent orchestration in later chapters. For now,

just know how to start it and split a window.

• 

• 
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Step 5: Verify Shell Scripting Familiarity (No Installation Needed)

You already have a shell (Bash or Zsh on macOS/Linux/WSL2, or PowerShell/CMD

on Windows). We just need to ensure you're comfortable creating and executing

simple scripts. This isn't an installation step, but a conceptual one. A strong

foundation in basic shell commands is critical for understanding how AI agents

will interact with your system.

Mini-Challenge: Environment Check Script

Let's put your new setup to the test! Your challenge is to create a simple shell

script that verifies the versions of Python, Node.js, and Git, and then executes it.

This will reinforce your understanding of shell scripting and environment

management.

Challenge: 1. Navigate to your ~/ai_projects  directory. 2. Create a new file

named check_env.sh . 3. Add commands to this script to print the versions of 

python3 , node , npm , and git . 4. Crucially, add a line to activate your Python

virtual environment before checking the Python version, so you see the correct

project-specific Python. 5. Make the script executable. 6. Run the script and

carefully observe the output.

Hint: * Remember the source  command to activate your virtual environment

(e.g., source .venv/bin/activate ). * The which  command can be useful to

see which executable is being run (e.g., which python3 ). * To make a script

executable, use chmod +x <script_name> . * Start your script with #!/bin/bash

(a shebang) to tell the system which interpreter to use.

What to Observe/Learn: * You should see the correct, newly installed versions

of your tools. * Notice how the (.venv)  prefix appears in your terminal when the

virtual environment is activated, and how which python3  points to the Python

inside your .venv  directory, not the system's global Python. * This exercise

reinforces basic shell scripting, virtual environment usage, and verifying your

setup.

Click for Solution (after you've tried it!)

First, ensure you are in your `~/ai_projects` directory. 1. **Create the file:**

```bash touch check_env.sh ``` 2. **Open `check_env.sh` in your favorite text

editor** (e.g., `nano check_env.sh` or `code check_env.sh`). 3. **Add the

following content:** ```bash #!/bin/bash echo "--- Checking CLI-First AI

Environment ---" echo "" echo "1. Python Virtual Environment Check:" # Activate

the virtual environment # Note: This 'source' command only activates the venv

for this script's execution context. # It won't persist in your main shell after the

script finishes. source .venv/bin/activate if [ -n "$VIRTUAL_ENV" ]; then echo "
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Virtual environment activated: $VIRTUAL_ENV" else echo " WARNING: Virtual

environment not activated. Is '.venv' present and correct?" fi echo " Python 3

version: $(python3 --version)" echo " Python 3 executable path: $(which

python3)" echo "" echo "2. Node.js Check:" echo " Node version: $(node --

version)" echo " npm version: $(npm --version)" echo "" echo "3. Git Check:" echo

" Git version: $(git --version)" echo "" echo "--- Environment Check Complete ---"

# Optionally, you can deactivate the virtual environment here if you want # to

ensure it's not active in the subshell where the script runs. # For this simple

check, it's usually fine to leave it. # deactivate ``` 4. **Save and close the file.**

5. **Make the script executable:** ```bash chmod +x check_env.sh ``` 6. **Run

the script:** ```bash ./check_env.sh ``` You should see output similar to this

(exact versions and paths may vary slightly): 

--- Checking CLI-First AI Environment ---

1. Python Virtual Environment Check:
   Virtual environment activated: /home/youruser/ai_projects/.venv
   Python 3 version: Python 3.12.2
   Python 3 executable path: /home/youruser/ai_projects/.venv/bin/python3

2. Node.js Check:
   Node version: v20.11.1
   npm version: 10.2.4

3. Git Check:
   Git version: git version 2.43.0

--- Environment Check Complete ---

Common Pitfalls & Troubleshooting

Even with careful steps, environment setup can sometimes be tricky. Here are a

few common issues you might encounter and how to troubleshoot them:

command not found  Errors:

Cause: The executable for the command (e.g., python3 , node , git )

is not in your system's PATH  environment variable, or the installation

failed.

Fix:

Double-check installation: Reread the installation steps for

your specific OS and ensure you haven't missed anything.

Restart Terminal: Always close and reopen your terminal after

installing new tools or modifying shell configuration files (like 

~/.bashrc  or ~/.zshrc ). Alternatively, explicitly source

1. 

◦ 

◦ 

▪ 

▪ 
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~/.bashrc  or source ~/.zshrc  to reload your shell

configuration.

Verify PATH: You can inspect your PATH  with echo $PATH .

Ensure the directory containing the executable (e.g., /opt/

homebrew/bin  for Homebrew, or the ~/.nvm  path for Node.js) is

listed.

For pyenv  or nvm : Ensure their initialization scripts (e.g., eval

"$(pyenv init -)" , [ -s "$NVM_DIR/nvm.sh" ] && \.

"$NVM_DIR/nvm.sh" ) are correctly added to your shell's config

file.

Conflicting Python/Node.js Versions:

Cause: You might have multiple versions installed globally, or your 

PATH  is pointing to an unexpected older version. This is common if

you've installed tools in different ways over time.

Fix:

Python Virtual Environments: Always use virtual environments

for Python projects. If you're seeing an unexpected Python

version, ensure your virtual environment is activated

( source .venv/bin/activate ).

Node Version Manager ( nvm ): For Node.js, nvm  is your best

friend. Use nvm list  to see all installed Node.js versions and 

nvm use <version>  to switch to a specific one.

Verify Executable Path: Use which python3  or which node

to see the exact path of the executable being run. This helps

identify if you're using the global system version or a version

managed by a tool like nvm  or a virtual environment.

Permissions Errors ( Permission denied ):

Cause: You're trying to install something in a system-protected

directory without sufficient privileges, or a script isn't marked as

executable.

Fix:

sudo  for System-Wide: For system-wide installations (e.g., 

sudo apt install ... ), you generally need sudo . Be cautious

with sudo  and only use it when necessary.

▪ 

▪ 
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Script Executability: For your own shell scripts, ensure you've

run chmod +x your_script.sh  to grant execute permissions.

Avoid sudo pip install  or sudo npm install -g : Unless

absolutely necessary, avoid using sudo  with pip  or npm -g .

Prefer virtual environments for Python and nvm  for Node.js to

install packages at the user level, preventing permission issues

and global clutter.

Summary

Congratulations! You've successfully geared up your terminal for the exciting

journey into CLI-first AI systems. Let's quickly recap what you've accomplished:

You've installed Python 3.12.x, the backbone for AI agent logic, and

learned to use virtual environments for clean, isolated project

management.

You've set up Node.js 20.x LTS, expanding your toolkit for powerful CLI

utilities and potential agent orchestration.

You've installed and configured Git, ensuring robust version control for your

AI projects, allowing you to track every change.

You've explored the benefits of modern terminal emulators and learned

basic usage of tmux  for efficient multi-tasking and session management.

You've reinforced your understanding of shell scripting, the fundamental

language for command-line automation that your AI agents will "speak."

Your environment is now ready! You have a powerful, flexible, and organized

terminal setup. In the next chapter, we'll dive deeper into the core concepts of AI

agents themselves, understanding their architecture, how they perceive, reason,

and act, and how they specifically apply to a CLI-first approach. Get ready to start

building intelligence right from your terminal!

References

Official Python Website

Python Virtual Environments Documentation

Official Node.js Website

nvm (Node Version Manager) GitHub Repository

Official Git Website

tmux GitHub Repository
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Windows Subsystem for Linux (WSL) Documentation

This page is AI-assisted and reviewed. It references official documentation and

recognized resources where relevant. ```
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