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CHAPTER 01

Al as Your Debugging Partner:
Error Analysis and Fix
Suggestions

Al as Your Debugging Partner: Error Analysis and
Fix Suggestions

Welcome back, fellow developer! In our journey through Al 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
Al in coding: debugging. We'll transform Al 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 Al partner!

Core Concepts: The Al 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 Al, which
primarily generates code, effectively help us fix it when it breaks?

The answer lies in Al'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 Al, 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 Al Elevates Your Debugging Workflow

Al 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: Al 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 Al 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, Al 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 Al 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 Al Debugging Assistance

Modern Al coding systems offer various modes of debugging support, each useful
in different scenarios:

1. Inline Error Explanations: Many IDEs, particularly Cursor IDE, can
automatically highlight problematic code and offer a quick explanation or a
"Fix with Al" 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.
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2. 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 Al specific questions. For example:

o "Explain this TypeError in my JavaScript code."
o "Why is this array empty when it should contain data?"

o "Suggest a fix for this IndexOutOfBoundsException in my Java
function." The Al will then analyze the provided information and offer
insights and solutions.

3. 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-Al Loop: Your Role is Crucial!

Remember, Al 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 Al's suggestion resolves
it. This process builds your own debugging skills and prevents similar bugs
in the future.

* Review the Code: Always critically review Al-generated code for
correctness, security, performance, and adherence to your project's coding
standards. Al 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 Al towards a specific
solution. Think of it as a dialogue.

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

Let's get practical! We'll simulate a common debugging scenario using a simple
Python function and leverage Al to help us find and fix a bug.
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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 numbers:
return © # Handle empty list gracefully

total (0]
# Uh oh, off-by-one error lurking here!

for i range(len(numbers)):
total numbers[i+1]
return total len(numbers)

# Test cases

datal [16, 20, 30]
data2 [5, 15]
data3 [1

print(f"Average of {datal}: {calculate average(datal)}")
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 1 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 Al Assistance

Now, let's bring in our Al 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 Al's Analysis

Your Al 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 1 is len(numbers) - 1, the
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expression i+l attempts to access numbers[len(numbers)], which is
beyond the last element of the list."

Isn't that insightful? The Al 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 Al's Fix Suggestion

The Al 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 numbers:

return 0 # Handle empty list gracefully

total = 0
# AI suggests iterating directly over elements, which is more Pythonic
for number numbers:
total number
return total / len(numbers)

The Al 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 butis 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 Al'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 numbers:
return 0 # Handle empty list gracefully

total 0

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

return total len(numbers)

# Test cases

datal [10, 20, 30]
data2 [5, 15]
data3 [1

print(f"Average of {datal}: {calculate average(datal)}")
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 []: ©

Success! No more IndexError. The Al helped us not only pinpoint the problem
but also suggested an elegant and correct solution.

This process demonstrates the power of Al 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 Al 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 Al 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 numbers list:

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

# Test cases

test listl [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 listl}: {find largest number(test listl)}")
print(f"Largest in {test list2}: {find largest number(test list2)}")
print(f"Largest in {test list3}: {find largest number(test list3)}")

1. Run max_finder.py from your terminal and observe the incorrect output for
test listl and test list2.

2. Use your Al assistant (Copilot Chat or Cursor Chat) to analyze the
find largest number function.

3. 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?"

4. Apply the Al'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 Al 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 Al's
contextual understanding.
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Common Pitfalls & Troubleshooting with Al
Debugging

While Al 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.

1. Blindly Accepting Al Suggestions: This is the most dangerous pitfall. Al-
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 Al-suggested code
before committing it. Remember the human-in-the-loop principle!

* Troubleshooting: Treat Al suggestions as a starting point. Ask the Al 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 Al'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: Al 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 Al 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 Al models, be mindful of your organization's policies
regarding data privacy and intellectual property. Ensure you understand how
your code is used by the Al provider.

* Best Practice: Check your Al 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.
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Over-Reliance on Al: While Al speeds up debugging, it shouldn't replace
your own critical thinking and problem-solving skills. Use Al to augment, not
to atrophy, your abilities.

* Best Practice: After Al 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 Al. Let's
quickly recap what we've covered:

* Al as a Debugging Force Multiplier: Al 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 Al, 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, Al offers diverse ways to help
you squash bugs effectively.

* The Human-Al Partnership: Always maintain a human-in-the-loop
approach. Review, understand, and thoroughly test Al-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 Al to the most relevant explanations and solutions,
especially for logical errors.

Debugging can be tough, but with an intelligent Al 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 Al can assist in ensuring code quality and correctness
through Al-powered testing and code review. Get ready to elevate your code
to new heights!
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CHAPTER 02

Al-Driven Testing: Generating
Tests and Validating Code

Introduction to Al-Driven Testing

Welcome back, intrepid developer! In our journey through Al 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 Al-generated code, or even your own human-written
code? That's where Al-driven testing comes into play, and it's the focus of this
exciting chapter!

Al 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 Al for
test generation and code validation. You'll learn how to craft effective prompts,
integrate Al into your testing workflow, and apply best practices to ensure your
Al-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: Al in the Testing Workflow

Al 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 Al in Test Generation

Imagine having an assistant who can instantly write test cases for every new
function you create. Al tools excel at this. Given a piece of code and a clear

Al-Driven Testing: Generating Tests and Validating Code 15



AIVOID [https://aivoid.dev]

prompt, they can generate boilerplate tests, edge case tests, and even property-
based tests.

* What it is: Al 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 Al'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 Al might suggest tests for division by zero, positive numbers, negative
numbers, and floating-point numbers.

2. Context Awareness for Smarter Tests

Modern Al 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 Al leverages information from your entire workspace to
generate more relevant and integrated tests.

* Why it's important: Context-aware Al 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 Al client (e.g., Cursor) indexes your project,
allowing the Al 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, Al can step
in to provide immediate assistance, helping you understand why it failed and
suggesting potential fixes.

 What it is: Al 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 Al" 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.

Al-Driven Testing Workflow

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

Developer Writes Feature

Code

Prompt Al for Unit Tests

l

Al Generates Initial Test
Cases

l

Developer Reviews Refines
and Adds Tests

A 4

Developer Executes Tests

Tests Pass

Yes” “\No
v i v
Integrate into CI CD Al Debugging Assistance
Pipeline on Failure

v

Developer Reviews Al
Suggested Fix

No

Apply Fix

* Developer Writes Feature Code: You start by writing your core

application logic.

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

your Al coding assistant to generate them.
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* Al Generates Initial Test Cases: The Al 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 Al output! You ensure coverage,
correctness, and add any specific edge cases the Al 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.

* Al Debugging Assistance on Failure: If tests fail, the Al helps you
understand the error.

* Developer Reviews Al-Suggested Fix: You evaluate the Al's proposed
solution.

* Apply Fix?: Decide whether to apply the fix, manually adjust the code, or
refine the tests.

This iterative process highlights that Al is a co-pilot, not an autopilot. Your
expertise remains central to ensuring quality.

Step-by-Step Implementation: Generating Tests
with Al

Let's get hands-on! We'll use a simple Python example to demonstrate how to
generate tests using an Al coding assistant. While the exact Ul 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
Al 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 Al tool. We'll create a
new Python file for our function.

1. 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.
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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

subtract(a: float, b: float) float:

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

return a b

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 Al to Generate Unit Tests

Now, let's use our Al assistant to generate tests for these functions. We'll focus on
the divide function due to its edge case.

1. Create a test file: Create a new file named test calculator.py in the
same directory.

2. Activate Al: 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.
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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 Al 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 Al should then generate something similar to the following. Copy and paste it
into test calculator.py.

# test calculator.py
pytest
calculator 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

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

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

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 Al, 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 Al 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.

1. Open your terminal in the directory containing calculator.py and
test calculator.py.

2. Install pytest (if you haven't already): bash pip install pytest
3. 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 Al is great at generating initial tests, you are the ultimate arbiter of
correctness and coverage. Always review, understand, and refine the Al's
output.

Consider these questions: * Are there any other edge cases the Al 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?
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For example, the Al might not have immediately thought of testing division with
zero numerator:

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 Al as a productivity booster, not a
replacement for critical thinking.

Mini-Challenge: Test Generation for add Function

You've seen how Al 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 Al 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
Al chat panel with a clear prompt, similar to what we did for divide. Remember
to review and potentially refine the Al's suggestions.

What to observe/learn: * How well the Al handles generating tests for a
straightforward function without explicit error handling. * The types of test cases
the Al prioritizes for simple arithmetic. * The importance of reviewing Al-
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 Al 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 Al-Generated Tests

Pitfall: Treating Al-generated tests as gospel truth without review. This is perhaps
the most dangerous pitfall. Al 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 Al-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 Al'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 Al 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 Al 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.

o Bad Prompt: "Write tests for calculate price."

o Good Prompt: "Using pytest, write unit tests for the
calculate price functionin 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 Al has access to relevant files (e.qg., the
function definition, related utility functions, configuration files). Use features
that allow the Al to "see" your entire project.

3. Over-Reliance on Al for Complex Test Scenarios

Pitfall: Expecting Al to handle highly complex, end-to-end, or integration tests
perfectly without significant human guidance. While Al can assist, these types of
tests often require deep architectural understanding and intricate setup that
current Al models struggle with autonomously.
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Troubleshooting:

» Start small: Use Al primarily for unit and simpler integration tests. It excels
at boilerplate and common patterns.

* Break down complex tasks: For integration tests, ask the Al 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 Al
to implement the details within that strategy, not to define the strategy
itself.

Remember, Al 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 Al coding
systems can revolutionize your testing workflow. We covered a lot of ground in
this chapter, and here are the key takeaways:

* Al augments, not replaces: Al 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: Al 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 Al-generated tests heavily relies on
the quality of your prompts and the Al's access to relevant project context.

* Prompt Engineering for Tests: Crafting clear, specific, and contextual
prompts is a critical skill for guiding Al to generate useful and accurate test
cases.

* Debugging Assistance: Al 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 Al-
generated tests. Your domain expertise and understanding of the system
under test are indispensable.
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* Start Small, Iterate: Begin by using Al for simpler test generation tasks
and gradually integrate it into more complex scenarios, always with an
iterative refinement process.

By integrating Al 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 Al-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 Al-assisted and reviewed. It references official documentation and
recognized resources where relevant.
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CHAPTER 03

Automating with Intelligence:
Introduction to Al Agents and
Automations

Automating with Intelligence: Introduction to Al
Agents and Automations

Welcome back, future-forward developer! In our previous chapters, we explored
the incredible power of Al 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 Al 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 Al agents and automations come into play, representing
the next frontier in Al-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 Al 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 Al Agents? Beyond the Copilot

You've already experienced the "copilot" paradigm: an Al that offers suggestions,
completes code, and answers questions when you ask it. Think of it as a highly
skilled intern waiting for your instructions.

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

1. Autonomy: Unlike copilots that wait for your input, agents can initiate
actions based on internal goals or external triggers.

2. Goal-Oriented: Agents are designed to achieve specific objectives, which
can be complex and require multiple steps.

3. Perception & Memory: They can "perceive" their environment (e.qg.,
project files, commit messages, issue trackers), and often maintain a
"memory" of past interactions and states to inform future actions.

4. Planning & Deliberation: Agents can break down a complex goal into
smaller, manageable sub-tasks and plan a sequence of actions to achieve
them.

5. 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. Al Agent

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

Al Agent / Automation Traditional Copilot

Traditional_Copilot_Workflow

Event Triggered Al_Agent_Automation_Workflow User Writes Code

2
v

Agent Perceives &

Analyzes Context Copilot Suggests Inline

[ v
v
User Accepts/Modifies

Agent F PL; i
gent Forms Plan Suggestion

v

Agent Executes Action

v

Agent Proposes
Change/Solution

v

User Reviews &
Approves/Rejects

Approved Rejected

v

Agent Confirms/Applies
Change

v

Automation Complete

Agent Refines Plan/Action

v

User Continues Coding

L2

End Coding Session

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

and the agent independently moves through Perceives, Plan, and Action
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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 Al agents that operate within your IDE, designed to perform specific
tasks.

How Cursor Automations Work (Conceptually):

1. Define a Trigger: This is the event that kicks off the automation. Examples
include:
o Saving a file (onFileSave)
o Committing code (onGitCommit)
o Opening a specific file type (onFileOpen)
o Running a test (onTestRun)

o Even custom events you define!

2. Assign an Agent Persona: You give the Al agent a role (e.g., "Python
Docstring Generator," "TypeScript Linter Fixer," "Code Review Bot"). This
helps the Al understand its objectives and constraints.

3. Specify the Task/Goal: Clearly articulate what the agent should do when
triggered. This is where robust prompt engineering becomes paramount.

4. 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 Al 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 Al agents:

1. Define the Agent's Role (System Prompt): Start by telling the Al who it
is.

° You are an expert Python developer specialized in writing
clean, well-documented code.

o You are a security auditor focused on identifying common
web vulnerabilities.
2. Clearly State the Goal: Be explicit about what the agent needs to achieve.

o Your task is to add comprehensive Google-style docstrings
to all new Python functions in this file.

o Refactor the 'calculateOrderTotal' function to improve
readability and performance, ensuring all existing tests
still pass.

3. 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.

o Consider the existing utility functions in 'utils.py' when
proposing solutions.
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4. Specify Constraints & Requirements: What should the agent not do, or
what specific format should it follow?

o Do not introduce new dependencies.

o Ensure the refactored code adheres to PEP 8 style
guidelines.

o Generate tests using the 'pytest' framework.

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

o A successful outcome will result in all functions having
docstrings, and no new linting errors introduced.

o Success is achieved when the function is refactored, all
existing tests pass, and code complexity is reduced by at
least 10%.

6. 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 Ul 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 Al 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:

1. Open the Automations Panel: Navigate to the specific panel or menu for
creating new automations.

2. Create New Automation: Click a button like "New Automation" or "Add
Agent."

3. Choose Trigger: Select onFileSave and specify *.py for Python files.
4. Define Agent Persona & Task:

° You'd input the prompt from Step 4 into the designated "Agent
Instructions" or "Task Definition" field.

o You might also give the agent a name like "Python Docstring Bot."
5. Configure Review: Ensure the "Require Human Review" option is enabled
(which it usually is by default for code modification automations).
6. 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 ldea

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 Al 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 Al could do it.

Common Pitfalls & Troubleshooting with Al Agents

While incredibly powerful, Al agents aren't magic. Here are some common
challenges and how to address them:

1. 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.

1. 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.

1. 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 Al 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 Al agents and automations is a significant one, promising to redefine
how we develop software.

Here are the key takeaways:

Al Agents vs. Copilots: Copilots are reactive assistants; Al 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 Al 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 Al 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 Al 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 Al-assisted and reviewed. It references official documentation and
recognized resources where relevant.
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CHAPTER 04

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

Introduction to Responsible Al-Augmented
Development

Welcome back, future-forward developer! In our journey so far, we've explored
the incredible capabilities of Al 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 Al more
deeply into our development workflows, it's crucial to address the significant
implications surrounding security, ethics, and intellectual property (IP). Blindly
trusting Al 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 Al-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 Al's benefits while mitigating its risks, ensuring you remain a responsible
and effective developer in this evolving landscape.

Core Concepts for Responsible Al Integration

Integrating Al 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 Al-augmented development.

1. Secure Prompt Engineering: Guarding Your Inputs

Prompt engineering is the art of crafting effective instructions for Al. 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 Al to generate useful output without
exposing sensitive information or creating vulnerabilities.

Why is it important?

Many Al 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 (PIl), or other confidential data directly in your
prompts, you risk exposing it. Additionally, poorly constructed prompts can lead
to the Al generating insecure code, or even "prompt injection" vulnerabilities
where malicious input could influence Al 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

Al-generated code is a powerful starting point, but it's rarely a finished product.
It's essential to treat Al output with healthy skepticism and integrate it into your
existing quality assurance processes.

What is it?

This concept emphasizes that all Al-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?

Al 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 Al 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 Al-generated code. Al tools can assist in generating these
tests, but humans must validate them.

Developer Initiates Task
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Figure 11.1: Al-Augmented Code Review and Testing Flow

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

Understanding how Al 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
Al 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 Al 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 Al 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

Al models learn from vast datasets, which often reflect existing human biases.
This means Al-generated code can inadvertently perpetuate or introduce
unfairness.

What is it?

This involves recognizing that Al 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 Al 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 Al-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 Al 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 Al-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 Al
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 Al-generated code is a rapidly
evolving legal and ethical landscape.

What is it?

This concept addresses who holds the copyright to code generated by Al,
especially when the Al 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 Al 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 Al-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 Al-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 Al output contains verbatim or near-verbatim snippets of existing licensed
code, the original license might apply. Always review Al-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 Al 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 Al-augmented development.

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

1. For GitHub Copilot (as of March 2026):
o 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.

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

o 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.
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Step 2: Crafting Secure and Effective Prompts

Your prompts are the gateway to Al's power. Let's learn to write them securely,
maximizing utility while minimizing risk.

Action: Practice writing prompts that provide sufficient context for the Al to
generate useful code, without revealing sensitive data.

1. Identify Sensitive Information:

o Before writing any prompt, quickly scan your current task or the
surrounding code for any API keys, database credentials, personal
identifiable information (PIl) like user emails, or proprietary algorithm
details. If you spot any, make a mental note to abstract them.

2. Abstract or Generalize Sensitive Data:

o 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 Al 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.
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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’ 1is

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 Al 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 Al on the structure and logic of the
email sending function, not on specific sensitive values or their direct
source.

Remember: The Al 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 Al Output into Your Code Review Process

Al-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 Al-generated

code into your project.

1. Treat Al Code as a Draft:

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

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

2. 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 Al 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 Al-
generated code.

Automated Tests: Ensure comprehensive unit and integration tests are
written and pass. Al 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 Al 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 Al.

Critically Examine Code: Go through the Al-generated code line by line.
Don't just skim!

Provide Feedback: Suggest human-led improvements or request the Al
agent to refine its output based on your feedback. This iterative feedback
loop is crucial.

Verify Tests: Ensure all tests (human-written and Al-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 Al generation and human refinement is key to safe,
effective, and high-quality Al-augmented development.

Mini-Challenge: Reviewing an Al-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 Al assistance.

Challenge: Imagine an Al 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

flask Flask, jsonify, request
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)

Al-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()
# AIl-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 Al-generated fix for: 1. Correctness: Does this specific
fix actually resolve the SQL injection vulnerability in the context of sqlite37? 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 Al 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 Al into
your development workflow. Here are some common pitfalls and how to address
them effectively.

1. Blindly Accepting Al-Generated Code:

* Pitfall: Merging code into your codebase without thorough human review,
assuming the Al is always correct and produces production-ready solutions.
This is the most dangerous and common pitfall.

* Troubleshooting:
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* Always review: Treat every piece of Al 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 Al-generated functionality.

* Manual verification: Step through the Al'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.

1. Leaking Sensitive Data via Prompts or Context:

* Pitfall: Accidentally including API keys, confidential business logic, personal
identifiable information (PIl), or other sensitive data directly in your prompts
or in the surrounding code that the Al 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 Al 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 Al 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.

1. Generating Incorrect or Hallucinated Code:

» Pitfall: The Al 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 Al or try a different phrasing for
your prompt.
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* Verify syntax & logic: Always double-check Al-generated code against
official documentation for the language, framework, or library you are using.

» Test-driven approach: Consider writing your tests first, then using Al to
generate code that passes those tests. This forces the Al to meet concrete
specifications.

1. Over-Reliance on Al, Hindering Skill Development:

» Pitfall: Using Al 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 Al 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 Al 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 Al, 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 Al while effectively
minimizing the associated risks.

Summary: Developing Responsibly with Al

Phew! We've covered a lot of ground in this chapter, and for good reason.
Responsible Al-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 Al-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 Al 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 Al-generated code
and actively work to mitigate them through diverse teams and robust
testing. Balance Al assistance with your own continuous skill development.

* Intellectual Property & Licensing: Exercise caution regarding the
ownership and licensing of Al-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. Al
augments, it does not replace the developer's essential role.

As Al 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 Al-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 Al-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 Al
assistant could craft entire functions, define complex classes, or even scaffold
new files for us?

This chapter is all about leveling up your Al 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 Al leverages project
context to generate coherent, larger units of code. By the end, you'll be able to
harness your Al coding partner to accelerate feature development, reduce
boilerplate, and tackle more intricate coding tasks with confidence.

Get ready to transform your Al 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
Al 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 Al 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 Al infers intent from your existing

declarations.

* Imports: What libraries are you already using?

When you ask for a function, the Al 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:

1. 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 Al 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:

1.
2.
3.

Identify the Need: What function, class, or file do you need?
Formulate the Prompt: Craft a clear, contextual prompt.

Trigger Generation: Use your Al 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 Al (like Cursor's chat) to request
specific modifications.

This iterative loop is key to transforming Al-generated code into production-ready
solutions.

Visualizing the Al Code Generation Workflow

Let's visualize this iterative process:

Identify Coding Task

l

Formulate Clear Prompt

l

Invoke Al Tool

v
Al Generates Code
Suggestion

l

Review Code: Correct?
Secure? Fits Style?

\1 |
\‘ ) - \1

Refine Prompt or Request

TS Integrate Code into Project

v

Test and Validate

|
\ 4

Task Complete

This diagram emphasizes that Al 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.
1. Create a new file: In your project, create a file named user _manager.py.

2. Add a prompt: At the top of the empty user manager.py file, add a
comment describing the class you want.

" python
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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).

3. Trigger Al Generation:

e 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."

Path: user_manager.py
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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 (Ctr1+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."

1. Review and Accept/Modify: The Al will likely generate something similar
to this. Observe how it handles the id and created at defaults.

" python
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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:

Path: user_manager.py
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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!

userl = User("alice",
"alice@example.com")

print(userl.display info())

user2 = User("bob",
"bob@example.com”,
user_id="custom-bob-id")

print(user2.display info())

* Explanation: Notice how the Al 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 Al 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.

1. Create a new file: In your project, create src/utils/validators.ts.

2. 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.

3. Trigger Al Generation: Let the Al 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.

1. 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. **°

2. Trigger Al 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 = /" [M\s@]+ @[ \s@]1+.["\s@]+$/; return
emailRegex.test(email); }
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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 Al 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.

1. 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.

1. Review the generated file: The Al 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().tolSOString(); console.log( [${timestamp}] INFO:
${message}); }
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/* * Logs an error message to the console, optionally including an Error
object. * @param message The error message. * @param error An optional
Error object to log. / export function logError(message: string, error?: Error):
void { const timestamp = new Date().tolSOString(); console.error( [$
{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 Al 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 Al 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.

1. Open user_manager.py .

2. Add a comment prompt within the User class definition (or use the
chat window referencing the class) to:

o Add a method update email(new email: str) that updates the
user's email.

o 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).

o If the email is invalid, it should print an error message and not update
the email.

o 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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and Al 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 Al integrates new methods into an

existi

ng class. * Its ability to understand and implement conditional logic based

on validation. * How prompts influence the Al's suggestions for imports or internal

logic.

Common Pitfalls & Troubleshooting

Even

with advanced Al, bumps can occur. Here are some common issues when

generating larger code blocks:

1.

print(user2.display_info())

Incomplete or Partial Generation:

Pitfall: The Al stops halfway through a function or class definition.

Troubleshooting: Your prompt might be too vague or too long, exceeding
the Al'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 Al suggests imports for libraries you don't use or have installed,
or it misnames imports.

Troubleshooting: Al 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 Al-generated code
immediately. If you spot an error, don't just fix it manually; try to understand
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why the Al made the mistake. Was your prompt ambiguous? Did it
misinterpret context? Refine your prompt for future generations.

1. 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 Al
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 Al 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: Al 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 Al
effectively.

Iterative Workflow: The process is a loop of Request -> Generate ->
Review -> Refine. Never blindly accept Al-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 Al, 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 Al 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

This page is Al-assisted and reviewed. It references official documentation and
recognized resources where relevant.
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CHAPTER 06

Your First Al-Generated Code:
Inline Suggestions and
Autocomplete

Introduction: Your Al Pair Programmer's First
Words

Welcome to the exciting world of hands-on Al coding! In the previous chapter, we
set up our environment. Now, it's time to experience the most immediate and
impactful way Al 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 Al 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 Al 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 Al 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 Al Pair Programmer's First
Words

Let's demystify how these Al 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 Al-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 Al 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 (Al-Enhanced)?

You're probably familiar with traditional IDE autocomplete, which suggests
variable names, function signatures, or keywords based on syntax. Al-enhanced
autocomplete takes this to the next level.

Al-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 Al 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. Al-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 Al "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 Al 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 Al 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 Al assistant!

Let's visualize this process:

Developer Types Code

Suggestion Displayed in N Developer Accepts or
Fragment

> Al Analyzes Context »  Identifies Relevant Patterns »  Generates Code Suggestion
IDE Ignores

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)
1. Open your IDE: Launch Cursor IDE 2.6 or VS Code.

2. Verify Al Extension: Ensure your Al coding assistant (Cursor's built-in Al 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.

3. 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.

1. 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)
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Explanation: This comment acts as a direct prompt to the Al, telling it
exactly what you intend to do. The Al uses this natural language input to
guide its suggestions.

2. 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 Al assistant should spring into action! You'll likely see a grayed-out
suggestion appearing, completing the entire function body.

3. Accept the suggestion: Press the Tab key (or Enter, depending on your
IDE configuration) to accept the Al'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 orn == 1: return 1 else: return n * factorial(n - 1)

Explanation: Incredible, right? With just a comment and a partial function
signature, the Al 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.

1. 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
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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} 1 "
Explanation: We're providing more context to the Al—a common data

structure.

2. 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 Al should
suggest user.name or similar, completing the operation.

3. 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 Al 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 Al can even help here!

1. Place cursor above a function: Go back to your factorial function.
Place your cursor on the line directly above function factorial(...).

2. 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 Al should automatically populate a docstring with
parameters, return types, and a brief description, inferring details from your
function's signature and the previous comment!

3. Review the generated docstring:
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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 orn
== 1: return 1 else: return n * factorial(n - 1) ~ "

Explanation: This is a fantastic time-saver! The Al 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 Al 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
Al 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 Al 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 Al, there are a few common traps to watch out for.

1. Blindly Accepting Al-Generated Code: This is the biggest pitfall! Always,
always review and understand the code the Al suggests. It might be
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syntactically correct but logically flawed, inefficient, or even contain security
vulnerabilities. Treat Al suggestions as a starting point, not a final solution.

2. Vague Prompts Lead to Vague Suggestions: If your comments are
unclear or your function names are ambiguous, the Al will struggle to
provide accurate suggestions. Remember, your comments are its primary
way of understanding your intent. Be specific!

3. Over-Reliance and Skill Atrophy: While Al 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 Al to augment, not to replace, your learning and development.

4. Troubleshooting "No Suggestions": If your Al assistant isn't suggesting
anything:

* Check internet connection: Most Al 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 Al enabled? Sometimes a restart of the IDE
can resolve minor glitches.

* Context: Ensure you're in a file type the Al supports (e.g., a .ts, .js, .py
file, nota .txt).

Summary

Phew! You've just taken your first exciting steps into Al-assisted coding. Let's

recap what we've learned:

Inline suggestions and Al-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 Al, guiding its output.

We practiced generating functions, completing data structure operations,
and even creating docstrings with Al.

It's critical to review and understand all Al-generated code to ensure
correctness, security, and maintainability.
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* Al is an augmentation, not a replacement, for your development skills.

You've now experienced how Al 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 Al 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 Al-assisted and reviewed. It references official documentation and
recognized resources where relevant.
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CHAPTER 07

The Future is Now: Integrating
Al into Your CI/CD and Beyond

Introduction

Welcome to the final chapter of our journey into Al coding systems! Throughout
this guide, we've explored how Al 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 Al 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 Al agents—autonomous systems
capable of acting on events—begins to shine. We'll uncover how Al 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 Al into your CI/CD. We'll discuss how Al 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
Al doesn't just help you code, but actively participates in building and maintaining
your software.

Core Concepts: Al 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 Al into this pipeline doesn't replace these steps but enhances
them, injecting intelligence and automation at various critical junctures.
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Where Al Adds Value in CI/CD

Al agents can interact with your CI/CD processes in several transformative ways:

* Automated Code Generation: Imagine an Al 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.

* Al-Enhanced Testing: Beyond simple unit test generation, Al 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.

* Al-Powered Code Review: An Al 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: Al 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, Al
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 Al-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:
e 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: Al-Driven Workflows

Let's explore two illustrative scenarios to understand how Al 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: Al-Driven Feature Implementation via GitHub Issue
to PR

Imagine you have a new feature request. Instead of a developer picking it up, an

Al agent takes the lead.

Step 1: Define a GitHub Issue with Clear Requirements

The starting point for our Al 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 Al.

Notice the explicit mention of technical details and testing requirements—this is

crucial for guiding the agent.

Step 2: Configuring an Al Agent for Issue Monitoring (Conceptual)

In a real-world setup, you'd configure an Al agent (e.qg., 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
: "IssueToFeaturePR"

: "github.issue.created"

["feature"]
: "ai-agent"

: "ai.generate feature"

: "{{trigger.issue.id}}"
: "{{trigger.repository.full name}}"
: "feature/ai-{{trigger.issue.number}}"
: "pr_url"
: "github.create pull request"”

: "{{ai.generate feature.output.branch name}}"
: "AI-generated feature: {{trigger.issue.title}}"
: "This PR was automatically generated by the AI agent based on
issue #{{trigger.issue.number}}.\n\n{{ai.generate feature.output.summary}}"
: "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
Al logic, taking the issue details as its prompt and producing the code. The
subsequent github.create pull request action then uses the Al's output to
open a PR.

Step 3: Al Generates Code and Tests

Behind the scenes, the Al 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/{userld}/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 APl 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 Al 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( Error('Invalid file type, only JPG, JPEG, and PNG are allowed!'),
false);
}
}
3

const s3Client S3Client({ region: process.env.AWS REGION });

router.post('/:userld/avatar', upload.single('avatar'), async (req, res) => {
if ('req.file) {
return res.status(400).send('No file uploaded.');

}

const userId req.params.userld;
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
}i

await s3Client.send( PutObjectCommand (params)) ;

// In a real app, update user's avatar URL in database
res.status(200).json({ message: 'Avatar uploaded successfully',6 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 Al 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: Al Creates a Pull Request

Once the Al 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 Al's work, suggest improvements, or approve the merge.

Scenario 2: Al-Powered Code Review in a Cl Pipeline

Beyond generating code, Al can also act as an intelligent reviewer, providing
feedback on every PR.

Step 1: Integrate Al Review Tool into Ci

Most CI/CD platforms (GitHub Actions, GitLab Cl, Jenkins) allow you to add custom
steps to your pipeline. You can integrate an Al code review tool or a custom script
that invokes an Al agent.

Here's a simplified github-actions.yml snippet illustrating an Al review step:
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# .github/workflows/ai-review.yml (AI-generated snippet for illustration)
: AI Code Review

[opened, synchronize, reopened]

ubuntu-latest

Checkout code
actions/checkout@v4 # Using v4, latest as of 2026-03-20

: 0 # Fetch all history for better context

: Get changed files
changed-files
: tj-actions/changed-files@v4 # Using v4, latest as of 2026-03-20

Run AI Code Review
! al-review
: my-org/ai-code-reviewer-action@vl # Placeholder for a custom AI
review action

${{ secrets.GITHUB TOKEN }}
${{ steps.changed-files.outputs.all changed files }}

I

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

: Post AI Review Comments
success() && steps.ai-review.outputs.review comments !=
: actions/github-script@v7 # Using v7, latest as of 2026-03-20

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

3

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 Al model, providing it
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with the changed files and specific review instructions. The Al's output (review
comments) is then posted back to the PR.

Step 2: Al Analyzes PR Changes
The Al 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 Al-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.

The Future is Now: Integrating Al into Your CI/CD and Beyond 80



AIVOID [https://aivoid.dev]

Developer Pushes Code

P A
CI-CD Triggered

v
Al Agent - Auto-Generate
Tests

v
Run Unit-Integration Tests
|

v

Tests Pass?

W 1

[ \
v v

Al Agent - Suggest Fixes- Al Agent - Automated Code
Refactor Review

Y

Developer Reviews Al

Fixes-PR ‘ Review OK?

e \1

\
Developer Reviews Al

Suggestions Build Application

v

Deploy to Staging

A 4

Al Agent - Monitor
Production-Logs

Figure 12.1: Al-Augmented CI/CD Pipeline Flow

Explanation: This flowchart illustrates how Al 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, Al
streamlines the development process. The "Developer Reviews Al Suggestions"
and "Developer Reviews Al Fixes-PR" steps highlight the crucial human-in-the-loop
approach, ensuring quality and understanding.
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Mini-Challenge: Prompting an Al for Test Fixes

You've seen how Al can generate code and review it. Now, let's think about how it
can react to problems in the pipeline.

Challenge: Imagine your Cl 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 Al agent configured to monitor CI
failures.

Describe, in detail, the prompt you would give this Al 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 ClI build failure.

Hint: Think about what information the Al 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 Al 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.

1. Over-automation Without Human Oversight:

» Pitfall: Blindly trusting Al-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
Al-generated PRs as suggestions, not final solutions. Implement mandatory
human approval steps for all Al-generated code that modifies critical paths
or goes to production.

1. Context Starvation for Al Agents:

* Pitfall: Al 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 Al agent has a sufficiently large context
window to ingest relevant files (e.g., related modules, configuration files).

* Feedback Loops: Establish mechanisms for Al agents to learn from human
corrections and approvals, gradually improving their contextual
understanding.

1. Prompt Drift and Stale Instructions:

» Pitfall: As your codebase and project requirements evolve, prompts
designed for Al agents can become outdated, leading to less effective or
even incorrect Al outputs.

* Troubleshooting: Regularly review and update your Al agent prompts.
Treat prompts as living documentation that needs maintenance. Consider
versioning your prompts alongside your code to ensure consistency.

1. Difficulty Debugging Al-Generated Pipeline Failures:

* Pitfall: When an Al 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 Al's generated logic.

* Troubleshooting:

* Transparency: Demand that Al agents provide clear explanations or
"reasoning trails" for their generated code.

* Small, Incremental PRs: Encourage Al 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 Al-introduced regressions. If the Al is generating tests, ensure
those tests are also reviewed and reliable.

1. Privacy and Intellectual Property Concerns:

» Pitfall: Sharing proprietary code with external Al 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 Al 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 Al 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
Al coding assistants to their integration into the most complex parts of our
development workflows. Let's recap the key takeaways from this chapter:

* Al augments, it doesn't replace: Al 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 Al 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.

* Al in CI/CD is transformative: Al 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 Al
understands the task, constraints, and desired outcomes.

* Human oversight remains critical: While Al can automate many tasks, a
"human-in-the-loop" approach is vital for reviewing Al-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 Al 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 Al 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 Al coding systems, from their basic principles to their advanced
integration into CI/CD. Keep exploring, keep prompting, and keep building!

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

AWS SDK for JavaScript v3 (S3 Client): https://docs.aws.amazon.com/sdk-for-
javascript/v3/developer-guide/welcome.html

Multer documentation: https://www.npmjs.com/package/multer

This page is Al-assisted and reviewed. It references official documentation and
recognized resources where relevant.
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CHAPTER 08

Mastering the Al Conversation:
Prompt Engineering for Code

Introduction

Welcome back, future-forward developer! In the previous chapters, we explored
the landscape of Al coding tools, from interactive copilots to autonomous agents,
and how they're transforming our development workflows. You've seen the power
of Al to generate code, but have you ever felt like you're not quite getting the
exact output you need? Or that the Al is missing crucial context?

That's where prompt engineering comes in. Think of it as learning to speak the
Al's language. This isn't just about typing a question; it's about crafting precise,
contextual, and intentional instructions that guide the Al 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 Al coding partners.

By the end of this chapter, you'll understand:

* What prompt engineering truly means in the context of Al coding.

* The essential components of a highly effective code prompt.

How to leverage context to make your Al 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 Al conversations from simple requests to strategic
collaborations? Let's dive in!

Core Concepts: Speaking the Al's Language

At its heart, prompt engineering is the art and science of communicating
effectively with large language models (LLMs). For Al coding tools, this means
transforming your high-level intentions into explicit instructions that the Al 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:

1. Clarity: Making your intentions unambiguous.

2. Context: Providing all necessary background information.
3. Constraints: Defining boundaries and requirements.
4

. Creativity: Exploring different ways to phrase requests to achieve desired
outcomes.

5. 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 Al 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 Al 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 Al who it should be. This helps the Al adopt a specific tone,
expertise, and perspective.

* Why: An Al 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.q., focusing on infrastructure, CI/CD).

* How: Start your prompt with phrases like:
o "As a senior TypeScript developer..."
o "You are an expert in secure Node.js backend development..."

o "Act as a diligent QA engineer..."

2. The Task: Defining the Goal

* What: Clearly state what you want the Al to do. This is the core instruction.

* Why: Without a clear task, the Al might generate irrelevant or incomplete
code.
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* How: Use action verbs and be specific:
o "Generate a Python function..."
o "Refactor this JavaScript code..."
o "Explain the error in this stack trace..."

o "Create a pull request description for this feature..."

3. The Context: Providing Relevant Information

* What: This is the background information the Al needs to understand the
problem fully. This is perhaps the most critical component.

* Why: Al 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.

e 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 Al'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 Al what you want is more effective than
describing it. This is especially powerful for pattern recognition tasks.

* How:
o "Here's an example of how we structure our validation functions:"
o Input: { "name": "John" } -> OQutput: { "isValid": true }

o Then, provide a new input and ask for the corresponding output.

6. The Format: Specifying the Output Structure

* What: Define how you want the Al'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."

o "List the steps as a numbered list."

o "Qutput 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:

1. Initial Prompt: Craft your best first attempt.

2. Review Al Output: Evaluate the generated code/text.
3. Identify Gaps/Errors: What's wrong? What's missing?
4.

Refine Prompt: Add more context, constraints, or clarify the task based on
the Al's previous response.

5. 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:

Mastering the AI Conversation: Prompt Engineering for Code 89



AIVOID [https://aivoid.dev]

Start: Define Goal

l

Craft Initial Prompt

l

Submit to Al

v
Review Al Output

|

Is Output Satisfactory?

W W
- -
Identify Gaps/Errors Integrate/Use Output
|
\ ) |
|
Refine Prompt: Add v
Context, Constraints, End Process
Examples

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 Al 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 Al Output (Conceptual):

// Assuming AI has access to common libraries or native Date methods
function formatDate(dateString: string): string {

const date Date(dateString);

if (isNaN(date.getTime())) {

return "Invalid Date";

¥

return date.tolLocaleDateString('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:

. Accept a date string or a Date object as input.

. Return the date in 'YYYY-MM-DD HH:mm:ss' format.

. Handle invalid date inputs by returning an empty string.

. Be timezone-aware and convert to UTC before formatting.
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 Al 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 ( dateInput 'string') {
date Date(dateInput);
else if (datelInput Date) {
date datelInput;
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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ting this error in my Node.js application:

Cannot find module 'express-validator'

Function.Module. resolveFilename (node:internal/modules/cjs/
1077:15)

Function.Module. load (node:internal/modules/cjs/loader:922:27)
Module.require (node:internal/modules/cjs/loader:1143:19)

require (node:internal/modules/cjs/helpers:121:18)
Object.<anonymous> (/Users/myuser/project/src/app.ts:5:25)

Module. compile (node:internal/modules/cjs/loader:1256:14)
Module.m. compile (/Users/myuser/project/node modules/ts-node/dist/
$:1056:23)

Module. extensions..js (node:internal/modules/cjs/loader:1310:10)
Object.require.extensions.<computed> [as .ts] (/Users/myuser/project/
dules/ts-node/dist/index.js:1059:12)

Module.load (node:internal/modules/cjs/loader:1119:32)

wrong?

Explanation: We've provided the full stack trace and a direct question.

Example Al Output (Conceptual):

The error "Cannot find module 'express-validator'" indicates that the “express-

validat
To fix

" “bash
npm ins
# or if
yarn ad

or® package is not installed or not correctly linked in your project.
this, you likely need to install it:
tall express-validator

you use yarn
d express-validator

If you are using TypeScript, you might also need the type definitions:

npm ins
# or
yarn ad

**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*

install

#H### ST

**Your

tall --save-dev @types/express-validator

d --dev @types/express-validator

ed, but there's a different problem (e.g., wrong path, typo)?
ep 2: Adding More Project Context and Asking for Deeper Analysis

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)

| have already run npm install express-validator @types/express-
validator. Here is the relevant part of my package.json:

Ilmy_appll ,
o ||1.0'0||’
"dist/index.js",
P q
"ts-node src/app.ts",
Iltscll

{

"74.,18.2",
",\7.0.1“

i q
"~4 L 17.17",
"~3.0.0",
"~20.8.9",
"~10.9.1",
"A5L2.2"

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 | 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:

1. Node.js Module Resolution Issue (Incorrect Path or Cache):

o Sometimes node modules can get corrupted or Node.js's module
cache might be stale.

o 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

2. TypeScript Compilation/Runtime Environment Mismatch:

o 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):**
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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 1 = 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));
1

return total;
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Your task is to craft a prompt for your Al coding tool (like Cursor or GitHub Copilot
Chat) to refactor this function.

Your Goal for the Al:

1. Modernize: Convert it to a modern TypeScript arrow function.
2. Readability: Improve readability and maintainability.

3. 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.

4. Immutability: Avoid direct modification of total where possible.
5. JSDoc: Add comprehensive TSDoc comments.
6. 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 Al coding environment! What prompt did you use, and what did
the Al 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:

1. Vague or Ambiguous Prompts:
» Pitfall: "Make this code better." or "Help me with my APL." The Al 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.
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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."

1. Missing Context:

* Pitfall: Asking the Al to implement a feature without providing relevant
existing code, project structure, or requirements from a linked issue. The Al
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 Al only knows what
you tell it.

 Example Correction: If asking for a database query, include your schema
definition. If asking for a Ul component, describe the parent component's
state or props.

1. Over-Constraining or Conflicting Instructions:

* Pitfall: Sometimes, you might give too many constraints, or constraints that
contradict each other, leading the Al 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 Al 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."

1. Not Iterating:
* Pitfall: Giving up after the first Al response isn't perfect, or trying to cram
everything into one giant prompt.

* Troubleshooting: Embrace the conversational aspect. Treat the Al's first
response as a draft. Ask follow-up questions, provide corrections, or refine
your prompt based on what the Al 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 Al coding experience.

Summary

Congratulations! You've taken a significant step in becoming a master of Al
coding. Prompt engineering is not just a trick; it's a fundamental skill that will
define how effectively you harness the power of Al in your daily development.

Here are the key takeaways from this chapter:

* Prompt engineering is about clear, contextual communication with Al
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 Al output quality.

* Iterative refinement is essential. Treat Al 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 Al 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 "Al conversation" skills!

In the next chapter, we'll delve deeper into integrating these Al tools into your
existing development workflows, covering topics like Al-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 Al-powered coding! So far, we've
explored how Al 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 Al to the exciting realm of Al agent-based coding systems and
multi-agent workflows. Imagine not just an Al suggesting your next line of
code, but an Al 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 Al 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 Al 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 Al 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 Al coding tools mature. While copilots are primarily interactive
assistants, agents are designed for more autonomous, goal-driven actions.
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What are Al Agent-Based Coding Systems?

An Al agent-based coding system is an Al 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 Al 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 Al agent can accomplish much, complex software
development tasks often benefit from the specialization and parallelization
offered by multi-agent orchestration. This involves coordinating several Al
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 Al 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 Al

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. Al 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.

AL S

Pull Request Creation: Opening a PR to merge the feature branch into the
main branch.

7. Code Review: Peers review the code for quality, correctness, and
adherence to standards.

8. Feedback & Iteration: Addressing review comments.
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9. Merge: Merging the PR once approved.

Al 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.qg.,
"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 Al Agents

Let's walk through a conceptual example of how you might orchestrate Al 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 APl 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 APl 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 Uls) generate a plan. This plan might look something like this:

1. Create Feature Branch: git checkout -b feature/get-user-by-id

2. ldentify Relevant Files: Locate existing API router, user data models, and
test directories.
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3. Code Generation (Coder Agent):
o Create src/routes/userRoutes.ts (if new) or modify existing router.
o Add GET /api/users/{id} handler.
o Implement mock data retrieval logic.

o Add error handling for "user not found."

4. Test Generation & Execution (Tester Agent):
o Create src/tests/userRoutes.test.ts.

o Write unit tests for success cases, not-found cases, and invalid ID
formats.

o Run tests and report results.

5. Documentation Update (Documentation Agent):

o Update docs/api.md or swagger.yaml with the new endpoint details.

6. Code Review (Reviewer Agent):
o Perform static analysis, style checks, and basic security scans on
generated code.
7. Commit Changes: Stage and commit all generated files.

8. Create Pull Request: Push branch and open a PR with a descriptive title
and body.

Step 3: Code Generation and Testing (Al-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):
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// src/routes/userRoutes.ts
import { Router, Request, Response } from 'express';

const router Router();

// Mock user database

const mockUsers [

{ id: '1l', 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'
5

/**
* @swagger
* Japi/users/{id}:
w 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' });
¥
1)

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 APl 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",
ple.com' });
1)

name: 'Alice Smith', email: 'alice@exam

test('should return 404 for an invalid ID', async () => {

const res

expect(res.
expect(res.

await request(app).get('/api/users/999');
statusCode) .toEqual(404);
body) .toEqual({ message: 'User not found'

b

3

test('should
const res
numeric strings
expect(res.statusCode).toEqual(404);
// The current implementation treats
for,
// so it will still return
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' });
3
};

return 404 for a non-existent ID format', async () => {
await request(app).get('/api/users/abc'); // Assuming IDs are

abc' as a valid ID string to search

'User not found'. If we wanted a 400 for invalid

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 (Al-Driven)

The Documentation agent would ensure docs/api.md or a Swagger definition is
updated based on the JSDoc comments or direct APl 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 (Al-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 Al 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:

1. Reviewing the Al's work: Critically examining the generated code, tests,
and documentation.
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2. Making final refinements: Addressing the Al's suggestions (e.g., adding
input validation) or making architectural decisions.

3. 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.

Human Developer Defines
Task / GitHub Issue

Agent Workflow

Orchestrator Agent
Activated

l

Planner Agent: Breaks
Down Task

l

Parallel Sub-Tasks

Doc Agent: Updates API Tester Agent: Generates
Docs/README Tests and Runs

|
|
|
| b
\
|
|

Tests Pass?

AT \
.
Coder Agent: Generates

Code Consolidate Changes

\
Y 4

Code Reviewer Agent: Orchestrator Agent:

Lints, Checks Security Commits & Pushes
v

Orchestrator Agent:

Creates Pull Request Draft

3

Human Developer: Final
Review, Refinements,
Merge

v

Feature Implemented &
Merged
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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 Al 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 Al Agents

While powerful, working with Al agents and multi-agent systems introduces new
challenges.

1. Lack of Clear Instructions/Context:

* Pitfall: Agents generate irrelevant, incomplete, or incorrect code because
the initial prompt was vague, lacked crucial context (e.qg., 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.

1. 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.

1. 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.

1. Security and Intellectual Property Concerns:

» Pitfall: Sharing proprietary or sensitive code with external Al models
(especially cloud-based ones) can raise concerns about data privacy,
intellectual property leakage, and compliance.

* Troubleshooting: Understand the data privacy policies of your Al 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 Al coding tool used. GitHub Copilot, for
instance, has clear policies on how user data is handled, and enterprise
versions often offer enhanced privacy.

1. Difficulty Debugging Agent-Generated Code:

* Pitfall: When an Al 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 Al-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 Al in software development,
moving from assistive copilots to autonomous, goal-driven Al agents and multi-
agent workflows.

Here are the key takeaways:

* Al 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 Al agents (e.qg.,
Planner, Coder, Tester, Reviewer) can tackle complex development tasks
more efficiently.
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* Pull Request Automation: Al 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 quiding Al agents.

* Human-in-the-Loop: Despite their autonomy, Al 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 Al-generated code.

The landscape of Al 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 Al in software development, ensuring you're
well-equipped to navigate this exciting new era responsibly.

References
e GitHub Copilot: Get Started
* GitHub Copilot CLI command reference
» Cursor IDE Official Website

* Mermaid.js Documentation

This page is Al-assisted and reviewed. It references official documentation and
recognized resources where relevant.

Orchestrating Complex Tasks: Multi-Agent Workflows and Pull Request Automation 115


https://docs.github.com/en/copilot/get-started/features
https://docs.github.com/en/copilot/reference/copilot-cli-reference/cli-command-reference
https://cursor.sh/
https://mermaid.js.org/syntax/flowchart.html

AIVOID [https://aivoid.dev]

CHAPTER 10

Refactoring and Code Review
with Al: Enhancing Quality and
Readability

Introduction

Welcome back, coding companions! In our previous chapters, we've explored how
Al 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 Al 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: Al as Your Quality Assurance Co-
Pilot

Al 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 Al 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 Al excels at refactoring:

1. Pattern Recognition: Al models are trained on vast amounts of code,
allowing them to recognize common refactoring patterns (e.g., extracting
methods, simplifying conditionals, introducing design patterns).

2. Boilerplate Reduction: They can often suggest ways to reduce repetitive
code, making your codebase DRY (Don't Repeat Yourself).

3. Performance & Readability Suggestions: Al can analyze code for
potential performance bottlenecks or suggest clearer ways to express
complex logic.

4. Contextual Understanding: Modern Al 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 Al 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 Al excels at code review:

1. Automated Checks: Al 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.

2. Subtle Bug Detection: Beyond linting, Al can sometimes infer logical
errors or edge cases based on common programming pitfalls.

3. Consistency Enforcement: It can ensure new code aligns with existing
patterns and conventions within your project.

4. Contextual Feedback: Al can provide explanations for its suggestions,
referencing best practices or specific project context.

5. Drafting PR Descriptions and Summaries: Al 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 Al'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 | refactor its createUser method to ensure idempotency and
better error handling?"

* Define Goals: "Review this data processor.py module. | 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."

Al 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 Al agent a task like: "Refactor all date-handling utilities in
src/utils to use moment.js (or date-fns) consistently." An agent could
potentially:

1. Identify all relevant files and functions.

2. Propose the refactoring changes.

3. Generate new tests or update existing ones.

4. 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 Al

Let's get hands-on with some practical examples using a hypothetical Python
function. We'll simulate using Cursor's Al 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 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 Al 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 Al chat interface.

Prompt:

Refactor this “process user data’ function to improve its readability,

maintainability, and efficiency.

The Al might suggest separating concerns, using list comprehensions, or clearer
variable names. Let's assume it suggests separating filtering and transformation.

Al'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 [1]
for user data dict 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 ( active only flag is active):
filtered users.append(user data dict)

# Now, transform the filtered data

processed names [user['name'] .upper() for user filtered users]
return processed names

Explanation: The Al 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?

Al'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 user _info list
if user data dict.get('age', 0) min age filter \

( active only flag user data dict.get('status') 'active')

)

# Transform the filtered data
processed names [user['name'] .upper() for user filtered users generato

return processed names

Explanation: The Al 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.
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Scenario 2: Al-Assisted Code Review

Now, let's imagine you've written a new TypeScript function for an APl endpoint,
and you want Al 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 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.');

1)

export default router;

Step 1: Ask for a General Code Review
Open your Al chat and provide the code block.

Prompt:

Review this TypeScript Express route for "POST /users . Provide feedback on:
1. Potential security vulnerabilities.
. Adherence to best practices for error handling.

P
3. Readability and maintainability.
4. Any potential performance issues.
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Al's Code Review Feedback (Example):
* Security:

o "Consider using a library like express-rate-1limit to prevent brute-
force attacks on this endpoint, especially if user creation is a sensitive
operation."

o "Ensure UserSchema.validate is robust against injection attacks,
though Joi typically handles this well. Double-check your schema
definitions."

* Error Handling:

o "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)."

o "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:

o "Consider extracting the Joi validation logic into a middleware function
to keep the route handler cleaner and reusable for other user-related
routes."

o "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:

o "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 Al 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 Al's review, you need to
create a pull request.

Prompt:
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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.

Al'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:**

*  kkEndpoint:** “POST /users’

*  FkFunctionality:** 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 Al 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; 1 items.length; i++) {
total items[i].price items[i].quantity;

}

if (discountPercentage 0 discountPercentage
total total (total (discountPercentage
} else if (discountPercentage 100) {
total 0; // Free items

}

return total;
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Your Challenge:

1. Refactor with Al: Use your Al co-pilot (Cursor, Copilot Chat) to refactor the
calculateTotalAndDiscount function. Aim for:

o Improved readability (e.g., using array methods like reduce).
o Clearer handling of discount logic.
o Better variable names if needed.
2. Al Code Review: Once you're satisfied with your Al-assisted refactoring,
ask your Al co-pilot to review your refactored version. Ask for feedback on:

o Potential edge cases (e.g., negative prices, invalid discount
percentages).
o Efficiency.

o Qverall code quality.
3. Reflect: What did the Al 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 | 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 Al's suggestions, understanding why
a particular refactoring is better and how to use Al to find potential flaws in your
own code.

Common Pitfalls & Troubleshooting

Even with powerful Al tools, refactoring and code review still require human
oversight.

1. Blindly Accepting Al Suggestions:

» Pitfall: Al 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 Al-generated refactorings
thoroughly. Understand why the Al suggested a change and verify that it
doesn't alter behavior. Run tests! 2. Lack of Sufficient Context for Al:
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» Pitfall: If the Al 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 Al 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 Al for refactoring and review can hinder your
own development of critical thinking, pattern recognition, and problem-
solving skills.

* Troubleshooting: Use Al 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 Al 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 Al 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 Al.
Here's a quick recap of what we covered:

* Al for Refactoring: Al tools excel at identifying code smells, suggesting
cleaner patterns, and improving readability and efficiency, acting as a
tireless code quality assistant.

* Al for Code Review: Al 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 Al 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 Al-generated code. Al
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 Al 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 Al 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 Al-assisted and reviewed. It references official documentation and
recognized resources where relevant.
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CHAPTER 11

Setting Up Your Al Workbench:
Cursor 2.6 and GitHub Copilot

Setting Up Your Al Workbench: Cursor 2.6 and
GitHub Copilot

Welcome to the practical side of Al-powered development! In Chapter 1, we
explored the transformative potential of Al 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 Al-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 Al
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 Al workbench ready to
assist you in your coding journey. Get ready to experience a new paradigm of
developer productivity!

Prerequisites for Your Al Journey

Before we dive into the setup, let's ensure you have a few things ready. These are
common requirements for most modern Al 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: Al 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 Al-native IDE.
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Understanding Your Al Tools: Copilot vs. Cursor

Before we install, let's quickly differentiate between GitHub Copilot and Cursor
IDE 2.6. While both leverage Al, they represent different approaches to
integrating Al into your workflow. Understanding this distinction is key to
leveraging their strengths effectively.

GitHub Copilot: Your Al Pair Programmer

GitHub Copilot, first released in 2021, acts as an Al 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 Al 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 Al-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 Al-native IDE built from the ground up to integrate Al agents
and automations deeply into the development workflow. It's not just an extension;
it's a complete environment designed for Al-driven development.

The key distinction lies in its focus on Al Agent-based Coding Systems. Instead
of just reactive suggestions, Cursor 2.6 allows you to define and run
"Automations" - essentially, pre-configured Al 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 Al assistance.

* Automations: Event-driven Al agents that can perform complex tasks like
fixing linting errors, generating documentation, refactoring code, or even
implementing features from a GitHub issue.

* Al 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: Al-powered error analysis and suggestions for
fixes.

Think of Cursor 2.6 as an environment where Al can be a proactive teammate, not
just a passive assistant. It's designed for orchestrating multiple Al capabilities to
tackle larger problems.

Here's a visual representation of how these two types of Al coding systems
typically operate:

Cursor 2.6

User Prompts Al Chat 777 ; ficT ;( : Al Agent Plans Task »  Agent Executes Steps »  Project Files Modified »  User Reviews & Approves
pecific Tas

GitHub Copilot

High-Level Goal

Accept—»  Integrate Suggestion

User Types Code/Comment ) )
T ——————  Copilot Suggests Code »_ Accept or Reject?

" Reject——»  Continue Typing

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
1. Open Visual Studio Code.

2. Navigate to the Extensions view by clicking the square icon on the sidebar
(or pressing Ctrl+Shift+X / Cmd+Shift+X).

3. In the search bar, type GitHub Copilot.
4. Find the official "GitHub Copilot" extension published by GitHub.
5. Click the Install button.

3. Authorize GitHub Copilot
After installation, VS Code will prompt you to sign in to GitHub to authorize
Copilot.

1. A notification might appear in the bottom right corner asking you to sign in.

Click Sign in to GitHub.

2. If not, click the Copilot icon (a small airplane or 'C') in the bottom status bar,
and select Sign in to GitHub.

3. Your web browser will open, prompting you to authorize the GitHub Copilot
extension. Follow the on-screen instructions to grant permission.

4. 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:
1. Go to File > Preferences > Settings (Ctrl+, or Cmd+, ).
2. Search for Copilot.
3. You'll find settings like:

o GitHub Copilot: Enable/Disable: Toggle suggestions globally or for
specific languages.

o GitHub Copilot: Inline Suggestions: Enabled: Whether to show
suggestions directly in your code.

o 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 Al-Assisted Line with Copilot!
Let's try it out!

1. Create a new file in VS Code (e.g., test.py).

2. 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)

ANRNEN

Amazing, right? This is just the beginning of your Al coding journey!

Step-by-Step Setup: Cursor IDE 2.6

Now, let's set up Cursor, the Al-native IDE that brings agent-based capabilities to
your fingertips.

1. Prerequisites Check

e Cursor Subscription/Trial: Ensure you have an active plan. Visit cursor.sh
to sign up.

* Internet Connection: For downloading and Al model access.
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2. Download and Install Cursor IDE 2.6

1. Open your web browser and go to the official Cursor website: https://
www.cursor.sh/

2. Look for the download link for your operating system (Windows, macQOS,
Linux). As of March 2026, the latest stable release is Cursor 2.6.

3. Download the installer.

4. Run the installer:

* macO0S: 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.
1. Enter your email and password associated with your Cursor account.
2. 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 OpenAl (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.

1. From the welcome screen or the menu, select File > Open Folder...

2. Navigate to a local folder containing a small coding project (even an empty
folder is fine for now).

3. 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 Al features.

5. Explore the Cursor Ul: Chat and Automations
Take a moment to familiarize yourself with Cursor's unique interface elements:
* Al Chat Panel (Left Sidebar): This is where you'll interact with Cursor's

primary Al 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 Al
agents. This is a core feature of Cursor 2.6, allowing for event-driven
workflows.

Your First Al Automation with Cursor!
Let's try creating a new file using Cursor's Al chat.
1. With a project folder open, click on the Al Chat icon in the left sidebar.

2. 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.

3. Press Enter.

4. Cursor's Al will process your request. It might ask for clarification or propose
a plan.

5. 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?").

6. 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 Al-Assisted
Code

Now that you have both tools set up, let's put them to a small test and observe
their distinct approaches.

Challenge:
1. Using GitHub Copilot (in VS Code):

°c Open a new test.js file.
o Write a comment: // Function to reverse a string

o Then, type function reverseString( and try to get Copilot to
complete the function for you.

o Hint: You might need to accept suggestions by pressing Tab multiple

times.

2. Using Cursor IDE 2.6:

o Open your project folder in Cursor.
o Go to the Al Chat panel.

o Prompt the Al 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).

o 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 Al 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 Al'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:

1. "Copilot/Cursor isn't suggesting anything!"

* Check Subscription: Is your GitHub Copilot or Cursor subscription active?

* Internet Connection: Ensure you have a stable connection. Al 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 Al to activate.

* Language Support: Is the current file type supported by the Al? (Most
popular languages are).

1. "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.

1. "Al-generated code is incorrect or irrelevant.”

* Lack of Context: The Al 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 Al simply makes a mistake or
"hallucinates." Always review generated code critically and understand it
before accepting.

1. Performance Issues (Slow Suggestions, Laggy Ul)
» System Resources: Al 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 Al Workbench is Ready!

Congratulations! You've successfully set up your Al-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.

e Cursor IDE 2.6 is an Al-native development environment focused on agent-
based coding, allowing Al 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 Al 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 Al workbench, transforming Al from a simple autocomplete tool into a
truly senior developer-level assistant. Get ready to master the language of Al!

References
* GitHub Copilot: Get Started Features
* GitHub Copilot CLI Command Reference
* Cursor IDE Official Website
* Visual Studio Code Official Website

This page is Al-assisted and reviewed. It references official documentation and
recognized resources where relevant.
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CHAPTER 12

Welcome to Al-Augmented
Development: Copilots vs.
Agents

Welcome to Al-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 Al-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 Al
coding tools. We'll clarify the crucial distinction between Al Copilots - your
interactive coding companions - and Al 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 Al
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 Al-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 Al-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 Al 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 Al 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.

Al Agents: Autonomous Workflow Engines

While copilots assist you interactively, Al 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.

© 0 N o v kA W DN+

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 Al 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.
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Capabilities of Al 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 Al 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.

Welcome to AI-Augmented Development: Copilots vs. Agents 141



Feature

Primary
Mode

Interactio
n

Scope

Autonomy
Level

Use Case

Human
Involveme
nt

Al Copilot (e.g., GitHub
Copilot)

Interactive, real-time suggestions

Inline suggestions, chat
commands for specific actions

Local code context, current file,
immediate surroundings

Low to moderate; requires
constant human guidance and
acceptance

Speed up coding, boilerplate,
explain code, quick fixes

High; human reviews and accepts
almost every suggestion

When to Use Which?
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Al Agent (e.g., Cursor Automations,
Copilot Agents)

Autonomous, goal-oriented execution of
multi-step tasks

Higher-level prompts (e.g., "fix issue
X"), multi-step workflows, event-driven

Entire project, external tools (Git, issue
trackers, CI/CD), broader context

Moderate to high; can execute
sequences of actions, make decisions,
self-correct

Feature implementation, large
refactors, automated testing, issue
resolution, PRs

Lower; human defines goals, reviews
final output (e.g., PR), intervenes if
stuck

* 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 Al. This exercise will help you
understand how to guide an Al copilot through a simple task by writing a clear
comment.

Your Task: Imagine you are in a Python file and you want an Al copilot to
generate a function that checks if a given string is a palindrome.

1. Open a text editor or an empty file in your IDE.

2. 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 Al. This is a form of "prompting" that a
copilot would interpret.

3. Now, imagine the copilot's suggestion. Based on your comment, a good
Al copilot would likely suggest something similar to this:

"7 python
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Function to check if a string
is a palindrome

def is_palindrome(s): return s == s[::-1] "~

Explanation of the Al'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 Al 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 Al Agent Prompt

Even without an Al tool installed yet, you can start practicing a critical skill:
prompt engineering. This is the art of crafting clear, specific instructions for Al.

Challenge: Imagine you want an Al agent to set up a new web project. Write a
prompt you would give to an Al 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 FastAPIl). 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 "Al
whisperer." You'll realize how important clarity and specificity are when delegating
tasks to an autonomous system. The better your prompt, the better the Al'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:

1. Blindly Accepting Al Suggestions: The most common mistake is to
blindly accept code generated by a copilot or agent without reviewing it.
While Al is powerful, it can still produce incorrect, inefficient, or even
insecure code.

* Troubleshooting: Always, always, always review Al-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 Al agent are too generic, the output will likely be generic
or off-topic. The Al 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 Al 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 Al-augmented
development. Let's quickly recap what we've covered:

* Al-Augmented Development is about using Al to enhance, not replace,
human developers, boosting productivity and allowing focus on higher-level
tasks.

* Al 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.

* Al 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.
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* Prompt Engineering is a vital skill for effectively communicating with both
types of Al tools.

* Always review Al-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 Al coding tool, so you can start
experiencing the power of Al-augmented development firsthand. Get ready to
code with your new Al partner!

References
* GitHub Copilot: Your Al pair programmer
* GitHub Copilot features
* GitHub Copilot CLI command reference

* Cursor IDE - The Al-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 Al-assisted and reviewed. It references official documentation and
recognized resources where relevant.
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CHAPTER 13

Coding Smarter: Al Agents for
Development, Debugging, and
Dynamic Scripts

Coding Smarter: Al 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 Al systems, understanding what Al 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 Al 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 Al 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: Al 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 Al agents in developer workflows. They're designed to
understand your intent and interact with your existing tools, making your terminal
a collaborative partner.

Al Agents for Command Automation

One of the most immediate benefits of CLI-first Al agents is their ability to
automate command execution. Instead of remembering complex syntax or sifting
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through man pages, you can express your intent in natural language, and the Al
agent can:

1. 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.

2. Suggest Commands: Offer a list of potential commands based on your
context or query.

3. 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 Al: Beyond Static Logic

Traditional shell scripts are powerful but static. They execute a predefined
sequence of commands. Al agents introduce a new dimension: dynamic scripting.
This means your scripts can now:

* Adapt to Context: An Al-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 Al to generate specific commands or logic paths based
on runtime conditions or user input.

* Handle Ambiguity: Natural language input can be processed by the Al 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 Al/ML libraries.
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Seamless Shell Tool Integration: The Power of Pipes and
Redirects

For Al 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 Al agent) to become the input of another. For example, an Al agent
generates a grep command, its output is then piped to awk for further
processing.

» **Redirects (>, <): Enables Al 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: Al agents can read environment variables for
contextual information (e.qg., current project directory, user preferences) and
even set them to influence subsequent shell commands.

By mastering these interactions, you enable Al agents to participate in complex,
multi-step terminal workflows alongside your favorite tools like jq, awk, sed,
grep, find, and xargs.

Al-Discoverable Skills: Teaching Agents What Tools Can Do

How does an Al agent know that git status shows current changes or that 1s
-1 lists files in long format? This is where the concept of "Al-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:
o status: "Shows working tree status."
o 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 Al 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 | 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 Al agent can be incredibly helpful, the true power emerges when
multiple agents collaborate. Imagine a scenario where:

1. An "Issue Agent" reads a bug report.
2. It passes the context to a "Code Agent" that suggests code changes.

3. The "Code Agent" then informs a "Test Agent" to generate unit tests for the
proposed fix.

4. 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. Desighing 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 Al agent workflow in your terminal:
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User Input - Help me git
status

l

Al Agent

Analyzes Request and } 1

Context Generates Command
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v v
4
Skill Definitions Suggested Command: git Al Explains Output /
status Suggests Next Step
v

User Review - Execute? y/N

Yes N No
v v
Execute Command in Shell Cancel
— .

Command Output

In this diagram, the Al 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 Al-powered git helper that can
suggest and (optionally) execute git commands based on natural language
input. We'll use Python for the Al 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 Al 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, OpenAl'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

Sys
0s

--- 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 Al
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 Al 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 1lm_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" query lower:
return "git status"
# Handle 'git add .' requests
elif "add all" query lower "stage all" query lower:
return "git add ."
# Handle 'git push' requests
elif "push" query lower:
return "git push"
# Handle 'git pull' requests
elif "pull" query lower:
return "git pull"”
# Handle 'git log' requests
elif "log" query lower:
return "git log --oneline --graph --decorate"

Explanation: - We define a function simulate 1llm 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 "Al 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 1lm response function in
git ai agent.py:
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# git ai agent.py (continued)

# Handle 'git commit -am' requests, extracting the message
elif "commit all" query lower "commit everything" 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" query lower "show branches" query lower:

return "git branch"
# Handle 'git branch <new-branch-name>' (create) requests
elif "create branch" query lower:

branch name start = query lower.find("create branch ")

if branch name start g

branch name = query[branch name start + len("create branch "):].str

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" query_ lower "switch to branch" query lower:
branch name start = query lower.find("branch ")
if branch name start ig
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:

Coding Smarter: AI Agents for Development, Debugging, and Dynamic Scripts 154



AIVOID [https://aivoid.dev]

# 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[1l:])
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[1l:]) : Gathers all command-line
arguments (after the script name) and joins them into a single string, which
becomes our user_query. - suggested command =

simulate 1lm response(user query) : Calls our Al 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 Al") 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 Al 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 I -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" 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 Al-generated command.

Append this to complete your gai file:

# gai (continued)

echo nn
echo "AI Suggestion: $SUGGESTED COMMAND"
echo nn

# 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]$ 1]1; 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
1. Save both files (git ai agent.py and gai) in the same directory.

2. Make gai executable: In your terminal, navigate to the directory where
you saved the files and run: bash chmod +x gai

3. Test it out! Navigate to a git repository (or initialize one with git init)
in your terminal. Then, try running your new Al helper: * " "bash # Try getting
the status ./gai "what is the current status?"
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Try adding all files

.JJgai "add all changes to staging"

Try committing with a
message

Jgai "commit all changes with message 'feat: added new feature'"

Try pushing (ensure you have
a remote configured if you
execute)

.Jgai "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 typey and press Enter,
the command will execute!

This example demonstrates the fundamental pattern of CLI-first Al agents: natural
language input, Al 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 "'TODOQO' 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 Al logic with existing powerful shell tools like grep .

Common Pitfalls & Troubleshooting

As you integrate Al agents into your CLI workflows, you might encounter a few
common hurdles.

1. Over-Complicating Prompts:

* Pitfall: Trying to give the Al agent overly complex or ambiguous instructions
in a single prompt. This can lead to the Al 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 Al is
a tool; guide it precisely.

1. Neglecting Robust Error Handling and Validation:

» Pitfall: Blindly executing Al-generated commands without validating their
correctness or handling potential errors. Al models can "hallucinate" or
generate syntactically incorrect commands.
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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 --1list 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.

1. Security Risks of eval and Broad Permissions:

* Pitfall: Granting Al 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 Al 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 Al 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.

1. Poor Terminal User Experience (UX):

* Pitfall: An Al 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 Al 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.
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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 Al, such as
"Accordion Uls" (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 Al 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:

* Al Agents for Automation: They can generate, suggest, and (with
confirmation) execute shell commands, reducing manual effort and potential
errors.

* Dynamic Scripting: Al 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 Al agents to interact effectively with existing CLI tools.

* Al-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 Al-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 Al agents for even more
complex, collaborative tasks, and address some of the architectural challenges
involved. Get ready to build your own Al-powered team!
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CHAPTER 14

Beyond Chat: Automating
Terminal Tasks with Al Agents

Introduction

Welcome back, fellow explorer of the Al frontier! In our previous chapters, we laid
the groundwork for understanding what Al agents are and why a CLI-first
approach holds so much promise. We've seen how Al 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 Al agents. You'll learn how Al 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
Al agents interact with and control your shell. * Integrate Al agents with standard
Unix-like command-line tools. * Appreciate the concept of Al-discoverable skills
and how they empower agents. * Set up a basic environment to experiment with
Al-driven command automation. * Tackle practical challenges that demonstrate
the power of Al in your terminal.

Ready to turn your terminal into a smart automation hub? Let's get started!

Core Concepts: Al 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 Al agent automating terminal tasks. It moves beyond just providing
information to actively manipulating your environment through commands.

What is Command Automation with Al?

At its heart, Al command automation is the process where an Al 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 1s -1 to a complex sequence
involving grep, awk, sed, and even calls to cloud APIs via their respective CLlIs.

The key difference from traditional scripting is the Al'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 Al Agent's "Brain" in the Terminal

How does an Al agent "think" and "act" in the terminal? It typically involves a loop
of perceive-reason-act:

1. 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.

2. 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.

3. 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 Al agents lies in their ability to seamlessly integrate with
the rich ecosystem of existing Unix-like tools. This means your Al 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 Al
agent can intelligently chain commands this way.

* Redirection (>, <, >>): Reading from files, writing to files, or appending
output.
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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 Al agent becomes an expert orchestrator of
your existing toolset, rather than a replacement for it.

Al-Discoverable Skills: The Agent's Toolbelt

For an Al agent to effectively automate tasks, it needs to know what it can do.
This is where Al-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 Al-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.
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Explanation of the Flow: 1. User Input: You provide a goal or question in
natural language. 2. Al Agent - Reasoning Engine: The agent's core, often an
LLM, processes your request, considers its available skills, and plans the
necessary steps. 3. Al 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. Al Agent -
Observation Module: The agent captures this output. 8. Al 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 Al agents so powerful for dynamic task
automation.
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Step-by-Step Implementation: Building a Basic Al-
Assisted Terminal Executor

While building a full-fledged Al agent from scratch is beyond the scope of this
single chapter, we can set up a simplified environment to demonstrate how an Al
could interact with your terminal to generate and execute commands. We'll use a
basic Python script to simulate an Al 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.

mkdir ai-terminal-automation
cd ai-terminal-automation

python3 -m venv .venv
source .venv/bin/activate

You should see (.venv) atthe beginning of your prompt, indicating that the
virtual environment is active.

Step 2: Simulating Al Command Generation (Python)

Let's write a simple Python script that acts as a mock Al. 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
subprocess
0s

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" user prompt lower:
return "ls -1"
elif "show current directory" user _prompt lower:
return "pwd"
elif "create a directory" user _prompt lower:
# This is a simplification; a real AI would ask for the name
return "mkdir my ai dir"
elif "find python files" user _prompt lower:
return "find . -name '*.py'"
elif "check internet" 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 Qutput ---")
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 Al's reasoning. In a real application, this would involve sending your
prompt to an LLM (like OpenAl'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 Al-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 Al 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 1s!)* find python files * check internet
connection * what time is it? (This should trigger the fallback message)
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Observe how the "Al" 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 Al-driven automation.

Step 4: Exploring a Real-World CLI-First Al Tool: gemini-cli

While our Python script was a simulation, tools like gemini-cli offer a concrete
example of a CLI-first Al agent. gemini-cli is an open-source project that brings
Google's Gemini Al 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.

1. Install gemini-cli globally: bash npm install -g gemini-cli@latest
Note: The @latest ensures you get the most current stable version.

2. Authenticate with Google Gemini: You'll need a Google Cloud Project
with the Gemini APl 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.

3. 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: Al-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 Al-assisted approach to: 1. Identify all files
ending with .tmp or starting with temp in the current directory and its
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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 pipingto 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 Al 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 Al prompts or agent logic to get the desired
command.

Common Pitfalls & Troubleshooting

Working with Al 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.

1. Security Risks of Arbitrary Command Execution:

* Pitfall: Allowing an Al agent to execute any generated command without
human oversight is a massive security vulnerability. A malicious prompt or
an Al 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 Al 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.
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* Least Privilege: Grant the Al agent only the minimum necessary
permissions to perform its tasks.

1. Over-complicating Agent Prompts or Task Definitions:

» Pitfall: Trying to give the Al 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 Al 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 Al's first suggestion isn't right, refine your prompt rather than
expecting it to magically understand.

1. Neglecting Robust Error Handling and Logging:

* Pitfall: In a terminal environment, Al 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 Al 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 Al agent should report the
error message back to the user in an understandable way.

1. Poor Terminal UX Design for Al Interactions:

* Pitfall: A clunky, verbose, or non-interactive terminal experience can
quickly negate the benefits of Al 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 Ul concepts like
"Accordion Uls" (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 Al agents

can move beyond simple conversations to become active participants in your
terminal workflows.

Here are the key takeaways from this chapter:

Command Automation: Al 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: Al agents leverage existing Unix-like tools ( 1s,
grep, find, git, etc.) through pipes, redirects, and environment variables,
making them powerful orchestrators.

Al-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 Al command generation
with Python and explored a real-world tool like gemini-cli for Al-assisted
command suggestions.

Critical Considerations: Security, clear prompting, robust error handling,
and thoughtful terminal UX are paramount for effective and safe Al-driven
automation.

You're now equipped with a foundational understanding of how Al 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 Al:
Integrating Agents into Dynamic Workflows. We'll explore how to combine
the power of Al agents with traditional shell scripting to create truly intelligent
and adaptive automation solutions. Get ready to write some smart scripts!

References

* Google Gemini API Quickstart - Official guide for setting up access to the
Gemini API.

* gemini-cli GitHub Repository - The official repository for the Gemini CLI tool.

* Python subprocess Module Documentation - Official documentation for
running external commands in Python.

* CLI Agent Orchestrator (CAO) GitHub Repository - An example of managing
multiple Al agent sessions in tmux, showcasing advanced terminal UX.

* Azure Samples: Get Started with Al Agents - Provides insights into deploying
Al agents and their architectural considerations.

This page is Al-assisted and reviewed. It references official documentation and
recognized resources where relevant.
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CHAPTER 15

Mastering CLI-First Al: Best
Practices, Security, and Future
Trends

Introduction: Beyond the Basics

Welcome to the final chapter of our journey into CLI-first Al systems! You've
learned how to integrate Al agents into your terminal, automate commands, and
enhance developer workflows. We've explored the power of making Al 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 Al systems,
explore the critical security considerations you must account for, and gaze into
the exciting, evolving future of Al 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 Al projects, making them not just functional, but also secure,
maintainable, and aligned with responsible Al development principles. Let's make
your Al agents truly masters of the command line!

Core Concepts: Building a Solid Foundation

Building effective CLI-first Al 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 Al

To ensure your Al 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 Al 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
Al 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 functionin 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 Al 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.qg.,
Rich for Python), providing "Accordion Uls" (as mentioned in some Al UX
discussions) where details can be expanded/collapsed, and offering clear
confirmation steps for destructive actions.

2.1.7 Al-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 Al 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 Al

Granting Al 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 Al agents.

* What it is: Granting an Al 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:
o Use dedicated low-privilege users for running agents.

o Restrict the set of commands an agent can execute (e.g., through
allow-lists or wrapper scripts).

o Limit file system access to specific directories.

2.2.2 Input Validation and Sanitization

Al 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 Al agent
and, crucially, all outputs (especially generated commands) from the Al
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 Al 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.

Mastering CLI-First Al: Best Practices, Security, and Future Trends 181



AIVOID [https://aivoid.dev]

* 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 Al agents can introduce vulnerabilities.
* What it is: Ensuring that all components of your Al system—from the base
operating system to libraries, Al 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 Al 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 Al 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-Al Collaboration

The line between human and Al contributions will blur.

* What it is: Beyond simple command execution, agents will engage in more
sophisticated dialogues, ask clarifying questions, suggest alternative
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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 Al'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 Al (XAl) in the Terminal

Understanding why an agent made a decision is crucial for trust and debugging.

What it is: Developing Al 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 Al'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 Al and Governance

As Al becomes more pervasive, ethical considerations are paramount.

What it is: Implementing principles and practices to ensure Al 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 Al.
Legal Compliance: Navigating evolving regulations around Al use.

How it functions: This involves continuous monitoring for bias, data
privacy by design, clear human oversight mechanisms, and adherence to
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emerging Al ethics frameworks. For instance, ensuring agents don't
inadvertently expose sensitive information via 1s 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 Al-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 Al agent to be able to discover and use this.

First, create a file named my tool.py:

# my tool.py
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 Al-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

: number
: integer

: The integer number to be squared.
: 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 Al agent that
this tool requires one parameter named number, which must be an integer, and
provides a clear description. * The Examples section helps the Al model
understand how to map natural language requests to actual command
invocations and what to expect as output.

An Al 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 77",
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
logging
datetime
subprocess

# Configure logging
logging.basicConfig(
level=1logging.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
codel}")
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 -1")
print(f"\nOutput of 'ls -1':\n{output 1ls}")

# 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 Al 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 Al systems:

1. 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.

1. 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.

1. 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.

1. 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.

1. 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 Al 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 Al-discoverable skills are crucial for reliable and scalable
CLI-first Al 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 Al agents in your terminal. As this field
evolves, embracing Responsible Al principles, including explainability and
ethical governance, will be vital.

The world of CLI-first Al 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 Al is your newest, most powerful brush!
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CHAPTER 16

Talking to Al: Your First Steps
with a CLI Agent (e.g., Gemini
CLI1)

Introduction

Welcome to Chapter 3! In our previous discussions, we explored the exciting
paradigm of CLI-first Al systems and understood the foundational concepts behind
Al 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 Al agent. We'll use gemini-cli as our primary example, an open-
source tool that brings the capabilities of the Gemini Al model directly to your
command line. By the end of this chapter, you'll be able to ask your Al agent
questions, generate shell commands, and even execute them safely, all without
leaving your terminal. This is where your journey into integrating Al 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 Al
agent is and how we'll be interacting with it.

What is a CLI-First Al Agent?

Think of a CLI-first Al agent as a super-smart assistant that lives entirely within
your terminal. Unlike web-based Al 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 Al 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 Al Integration: It directly interfaces with Google's Gemini Al model,
providing powerful language understanding and generation capabilities.

* CLI-First Design: It exemplifies the principles we've discussed, allowing
you to query the Al, 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 Al tools and frameworks.

The Al Interaction Loop in the Terminal

When you interact with a CLI-first Al agent, you're entering a continuous loop of
communication. It typically looks something like this:
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1. You Provide a Prompt: You type a natural language request into your

terminal, asking the Al agent for help.

2. CLI Agent Intercepts: The gemini-cli tool (or similar) captures your

prompt.

3. Al Model Processes: The agent sends your prompt to the underlying Al
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.

4. CLI Agent Presents: The agent displays the Al's response in your terminal.

If it's a command, it might offer to execute it for you.
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You Decide: This is a crucial step! You review the Al'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 Al's

response) provides new context, potentially leading to further interaction
with the Al.

This loop emphasizes safety and user control. The Al 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 isan 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

ANAN

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.

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:

gemini-cli --version

You should see an output similarto 0.2.0 or a newer version number, indicating
successful installation.

3. Configuring Your Al Agent: The API Key

To use gemini-cli, it needs to communicate with the Google Gemini Al model.
This requires an APl key for authentication.

Step 3.1: Obtain a Google Gemini API Key

1. Go to the Google Al Studio website.
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2. Log in with your Google account.

3. If you haven't already, create a new API key. You'll see a string of characters
(e.g., AIzaSyC...).

4. Crucially, copy this APl 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 APl key here and press Enter.

Why is this important? This step securely stores your APl 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 Al won't be able to process
your prompts.

4. Your First Al Conversation

You're all set! Let's have our first chat with the Al 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 Al 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 Al model directly from your

terminal!

Try another one:
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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 Al 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 Al 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 Al might respond with a command like this:

find . -name "*.py" -print@ | xargs -0 stat -c '%Y %n' | sort -nr | awk

"{print $2}'

Explanation of the Al'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 Al's
ability to construct sophisticated solutions.
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6. Executing with Al Approval (gemini-cli exec)

Now for the exciting part: executing the Al-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" -print@ | 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 Al 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:

1. Think about how you would phrase this request to gemini-cli.
2. Use gemini-cli exec with your prompt.
3. Carefully review the suggested command. Does it make sense?
4. If you're confident, approve its execution.
Hint: You'll likely need to combine find, grep, and wc -1. Don't worry if the

Al's command looks complex; the goal is to understand the interaction and the
safety of exec.

What to observe/learn: * How accurately does the Al 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 Al-generated command, even if you didn't write it yourself?

Common Pitfalls & Troubleshooting

As you embark on your journey with CLI-first Al agents, you might encounter a
few bumps. Here are some common pitfalls and how to navigate them:

1. "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 Al 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 Al Studio

page.
1. 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/macQOS, echo $PATH should show a path like /usr/
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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.qg.,
.bashrc, .zshrc). * Restart your terminal after installation or PATH
changes.

1. 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 geta
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!

1. Al Provides Irrelevant or Incorrect Commands:

» Pitfall: The Al, 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 Al for each part.

* Provide examples: Sometimes, showing the Al an example of what you
want can help.

Remember, the Al 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 Al systems.

Here's a quick recap of what we covered:

* Understanding CLI-First Al Agents: These agents are purpose-built for
terminal interaction, focusing on command generation and automation.

Check npm version 201



AIVOID [https://aivoid.dev]

» 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 Al: You successfully queried the Al 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 Al agent
proposes to run on your system.

You now have a foundational understanding and practical experience with a CLI-
first Al 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 Al Studio - Get an API Key
* Node.js Official Website
» Git Official Website

This page is Al-assisted and reviewed. It references official documentation and
recognized resources where relevant.
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CHAPTER 17

Seamless Integration: Al Agents
and Your Existing Shell Tools

Seamless Integration: Al Agents and Your Existing
Shell Tools

Welcome back, fellow terminal wizard! In our previous chapters, we laid the
groundwork for understanding what CLI-first Al systems are and how Al 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 Al
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 Al 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 "Al-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: Al Agents and Your Shell's
Ecosystem

The true magic of CLI-first Al agents isn't just their ability to generate commands,
but their capacity to orchestrate them. This means an Al 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. Al agents can
exploit this in incredibly powerful ways.

* Pipes (| ): Imagine an Al 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 Al 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 Al 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 Al agent can leverage
these in two primary ways:

* Reading Environment Variables: An agent can access configuration
details like APl 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 Al agent and the commands it invokes, enabling context-aware
execution.

Executing External Commands: The Agent's Hands

At the very core of an Al 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 Al agent can effectively "type" commands into the
terminal and observe the results, just like a human user or a sophisticated shell
script.

Al-Discoverable Skills (SKILL.md and Beyond)

How does an Al agent know which shell tools are available and, more importantly,
how to use them effectively? This is where the concept of "Al-discoverable skills"
comes into play. It's a structured way to expose the capabilities of your CLI tools
to an Al.

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 Al. 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: jg '.[] | select(.status == "active")' data.json

* Parameters: A description of common flags, arguments, and their expected
types or values.
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When an Al 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.

Find Active Users
. R
| Present Result
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Tool Skill Repository Generate jg Command
1 !
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Figure 5.1: Al 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 Al and
your CLI:

1. Using an Al as a CLI Tool: In this scenario, you directly interact with the Al
through its own command-line interface. Tools like gemini-cli or aspect-
cli fall into this category. The Al itself is the primary tool you're running,
and it provides a direct interface for Al capabilities.

2. An Al Agent Orchestrating Other CLI Tools: This is what we're focusing
on in this chapter. Here, the Al agent (which might be a Python script, a
Node.js process, or part of a larger framework) uses other, existing CLI tools
(grep, jg, 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 Al to enhance rather than replace your tried-and-true shell
utilities.

Step-by-Step Implementation: An Al-Enhanced Data
Transformation Workflow

Let's put these concepts into practice. We'll build a simple Python script that
simulates an Al 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.
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// users.json
[

{ =] : "Alice", : "active", : "New York",
"developer"},

{ 2 2, : "Bob", : "ipactive", : "London",
esigner"},

{ . 3, : "Charlie", : "active", : "Paris",

developer"},

{ : 4, : "David", : "active", : "New York",
"manager"}

{ : 5, : "Eve", : "active", : "London",
eloper"}

]

Save this content as users. json in your working directory. This will be the input
for our simulated Al agent.

Step 2: The Agent's First Command - Filtering with jq

Our simulated Al 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
subprocess
json
0s

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 partl ".[1 | 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 partl}'")

try:
# Execute the jq command
# We provide the entire JSON data as standard input to jq
jq_process subprocess. run(
['iq', jq_command partl],
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 jg exits with a non-zero code
)
active users output jg_process.stdout
print("\nAI Agent: jg command executed successfully. Here are the active
users:")
print(active users output)

except subprocess.CalledProcessError as e:

print(f"AI Agent: Error executing jgq 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 partl]. 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 jg 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 jg 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 Al 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 jg 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 Al 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.")
jg_extract command ".[1 | {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 jg_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
'II)

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 jg command. This demonstrates a multi-stage pipeline where the output of
one tool becomes the input of the next. * with open(output filename, '
as outfile: outfile.write(final extracted data) : This code

w')
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 Al 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 jg 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 Al agents: they
don't need to know how to sort, just that sort exists and how to invoke it.

Common Pitfalls & Troubleshooting

Integrating Al 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!

1. Shell Injection Risks (The Big One!):

* Pitfall: If your Al 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.
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* Troubleshooting: Always prefer passing commands as a list of
arguments (e.g., [ 'command', 'argl', '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.qg., 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.

1. 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.

1. Output Parsing Errors:

* Pitfall: An Al 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.
1. Permissions Problems:

* Pitfall: The Al 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 -1
<file or dir>). * Ensure the user running the Al agent script has the
appropriate read, write, or execute permissions. * Be extremely mindful of
sudo - an Al 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 Al agents can

become powerful allies in your terminal. Here are the key takeaways from this

chapter:

Leverage Existing Tools: CLI-first Al agents excel at orchestrating existing,
specialized shell utilities like jg, 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.

Al-Discoverable Skills: The concept of SKILL.md (or similar structured
metadata) allows Al 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 Al. Avoid shell=True with untrusted input to
prevent dangerous shell injection vulnerabilities.
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By integrating Al 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 Al-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 Al 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.

o 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.

o https://stedolan.github.io/jg/manual/

* GNU grep Manual (grep 3.11, as of 2026-03-20): Official
documentation for the powerful text search utility.

o https://www.gnu.org/software/grep/manual/grep.html

* CLI-Anything Project (Conceptual SKILL.md Reference): A Microsoft
project that highlights the concept of Al-discoverable skill definitions for CLI
tools, providing a practical example of how agents can understand tool
capabilities.

o https://github.com/microsoft/CLI-Anything

This page is Al-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 Al
Agents

Welcome to an exciting journey into the world of CLI-first Al 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 Al 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 Al 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 Al 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 Al knowledge is required - we'll
build that together, step by baby step!

What are Al 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 Al agent actually is.

Think of an Al agent as a sophisticated digital assistant. Unlike a simple program
that just follows a fixed set of instructions, an Al agent is designed to:

1. 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.

2. 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 Al models, allowing it to interpret natural language and
infer intent.
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3. 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 Al 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 Al

You've probably interacted with Al through web interfaces or mobile apps. So,
what does it truly mean for an Al 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 Al system. Instead of
clicking buttons or navigating menus, you interact with the Al 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 Al, especially for developers and system administrators?

* Scriptability: CLI tools are inherently scriptable. This means you can easily
integrate Al 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 Al 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 Al aims to enhance, not replace, that efficiency by
reducing cognitive load and accelerating command generation.

* Deep Integration: It allows Al to seamlessly interact with the thousands of
existing command-line tools you already use (e.g., git, docker, kubectl,
grep, awk, sed). The Al 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 Al 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 Al Agents Work in Your Terminal

At its heart, a CLI-first Al agent takes your natural language instructions (or
structured input), processes them using its Al brain, and then often translates that
into executable shell commands or code. Let's visualize a simplified interaction
loop:

Processes Request
Al Model - e.g., LLM

User Input Prompt —— Generates Plan/Commands
L "’f»_’ i
Your Terminal CLI-First Al Agent
1+ Processes Output & — —
Responds ¥~ Executes Commands___ -

Shell Environment

Returns Command Output™

Breaking down this powerful flow:

1. User Input Prompt: You type a prompt into your terminal, asking the Al
agent to perform a task (e.g., gemini ask "Summarize the log file
app.log and show me errors").

2. Al Agent Processing: The CLI-first Al agent (running as a terminal
program) receives your input. Its internal Al model (the AI Brain)
interprets your request, understanding your intent.

3. Command Generation & Execution: Based on its understanding and
available "skills" (which we'll touch on next), the Al 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).

4. Output Processing: The shell executes the command and returns the
output. The Al agent captures this raw output.

5. Refined Response/Action: The Al 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 Al so powerful for automation and developer
workflows.

The Role of Al-Discoverable Skills

For an Al 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 Al-
discoverable skills comes in.
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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 Al 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 Al Interaction
with gemini-cli

Enough theory! Let's get a taste of a real CLI-first Al tool. We'll use gemini-cli,
an open-source command-line interface for interacting with Google's Gemini
models. This will demonstrate how an Al 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:

1. 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.

2. Google Al Studio API Key: gemini-cli needs access to Google's Gemini
models. You'll need to generate an API key from Google Al Studio.

o Visit Google Al Studio (you might need to sign in with a Google
account).

o Click "Get API key" or "Create API Key in new project."

o 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.

1. Open your terminal.

2. 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 Al agent's core
executable onto your system.

Step 3: Configure Your APl 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.

1. 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 Al 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 Al agent in
action.

1. 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 Al's
response integrates seamlessly into your command-line workflow.

2. 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 Al 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 Al agents!

Congratulations! You've just successfully interacted with your first CLI-first Al
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 | 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 Al'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 Al's understanding changes.

Common Pitfalls & Troubleshooting

Working with new tools, especially those involving Al 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:

1. APl 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 Al 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.

1. 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.

e 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.

1. Vague or Unexpected Al Responses:
* Symptom: The Al 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! Al 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 Al systems:

* We defined Al agents as autonomous entities that perceive, reason, and
act, often powered by advanced Al models like LLMs.

* We understood the CLI-first philosophy, emphasizing the terminal as the
primary interaction method for Al, enabling unparalleled scriptability,
composability, and deep integration with existing shell tools.

* We explored how Al agents facilitate command automation by intelligently
generating and executing shell commands based on natural language
prompts.

* We briefly touched upon Al-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 Al 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.

o https://github.com/google-gemini/gemini-cli

* Google Al Studio: The platform where you can obtain your API key for
accessing Google's Al models, essential for gemini-cli.

o https://makersuite.google.com/app/apikey
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* Python Package Index (PyPl): The official third-party software repository
for Python, where gemini-cli and many other Python packages are
hosted.

o https://pypi.org/

This page is Al-assisted and reviewed. It references official documentation and
recognized resources where relevant.
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CHAPTER 19

Beyond Single Agents:
Orchestrating Multi-Agent
Workflows and Al-Discoverable
Skills

Introduction

Welcome back, intrepid command-line explorer! In previous chapters, we've
journeyed into the exciting world of CLI-first Al systems, understanding how a
single Al 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 Al agents to tackle more intricate
challenges, turning your terminal into a collaborative Al hub.

We'll also explore a crucial concept that empowers agents to truly understand and
utilize the vast ecosystem of existing CLI tools: Al-discoverable skills. These are
structured definitions that help Al 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 Al systems right from your command line.

Ready to level up your CLI Al 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 Al systems, a multi-agent workflow involves
coordinating two or more Al 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:

e 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 Al is still rapidly evolving, meaning

robust solutions often require significant architectural iteration.

This is where orchestration comes in!

Orchestration in CLI-First Al 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 Al 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

1. Sequential Orchestration: Agents execute tasks one after another. Agent
A completes its task, passes its output to Agent B, which then proceeds.

o Example: Agent A fetches data -> Agent B processes data -> Agent C
generates a report.

2. Parallel Orchestration: Agents work on independent sub-tasks
concurrently.

o Example: Agent A analyzes logs, Agent B monitors system metrics,
both report their findings simultaneously to the orchestrator.
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3. Hierarchical Orchestration: A "manager" agent delegates tasks to
"worker" agents and oversees their progress.

o 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.

P ——— pe—— N —

Al-Discoverable Skills

For an Al 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 Al-discoverable skills come into play.

An Al-discoverable skill is essentially a machine-readable description of a tool's
capabilities. It tells an Al 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/Al-Starter-Kit]
or proflead/how-to-build-ai-agent [https://github.com/proflead/how-to-build-
ai-agent]). When an Al 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?

1. Agent Autonomy: Agents can independently learn and utilize new tools
without being explicitly programmed for each one.

2. Flexibility: Easily extend an agent's capabilities by simply adding new
SKILL.md files for different tools.
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3. Standardization: Provides a consistent way to describe tool interfaces for
Al consumption.

4. 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:

"my document.txt",
10,
150,

: 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:

"CRITICAL",

: 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
argparse
re
json
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:

"INFO: Application started." > app.log
"ERROR: Database connection failed." >> app.log

"WARNING: Low disk space." >> app.log
"ERROR: API endpoint not found." >> app.log
"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
0S
subprocess
re
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()

_load skills(self):
"""l oads all SKILL.md files from the skill directory."""
loaded skills {}
for skill file 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

_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" task description.lower() "parse log" task de
scription. lower():
if "log parser" self.skills:
print("Orchestrator identified 'log parser' tool.")
return "log parser"
return None

_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 = [0s.path.join(self.tool dir, "log parser.py"), log file]
if "errors" task description.lower():
command.extend(["--pattern”, "ERROR"])
if "case-insensitive" task description.lower():
command.append("--case-insensitive")
if "json" task description.lower() “report" 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. Al-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 Al 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

1. 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.

1. 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.

1. 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 Al will highlight errors effectively.

1. Security Risks with Broad Permissions:

» Pitfall: Granting Al 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.
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Summary

Phew! We've covered a lot in this chapter, moving beyond the individual brilliance
of a single Al agent to the collaborative power of multi-agent workflows.

Here are the key takeaways:

* Multi-agent workflows enable Al 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).

* Al-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 Al paradigm is still
evolving. The concepts of orchestration and Al-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 Al systems.
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CHAPTER 20
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Setting Up Ai Ready Terminal
Environment

Setting Up Ai Ready Terminal Environment 242



AIVOID [https://aivoid.dev]

+++
title = "Gearing Up: Essential Tools for Your CLI-First AI Journey"

date = 2026-03-20

draft = false

type = "page"

contentType = "tutorial"

categories = ["AI", "Command Line", "DevOps"]

tags = ["Python", "Node.js", "Git", "Terminal", "Shell Scripting", "AI Agents",
"CLI"]

difficulty = "beginner"

description = "Prepare your development environment for CLI-first AI systems by
installing essential tools like Python, Node.js, Git, and setting up a modern
terminal workflow."

slug = "setting-up-ai-ready-terminal-environment"

language = ["Python", "Shell"]

platform = ["Linux", "macO0S", "Windows"]

readingTime = 15

status = "new"

author = "AI Expert"

showReadingTime = true

showTableOfContents = true

toc = true

weight = 2

+++

## 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-1it, 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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6kSZNOyy23aP369f rDH/
6gyMhISdLHH38st9uttWvX604771CDBg3UqVMnbd68WdOmTdPvfvc7RUZGasKECWds7/
Qj9bVrl9a8efOUmIioJk2aKDo6WrNnz863z0TIk9WzZ081adJE1113nYYOHar9+/
CcX6z6fzT333KPRoOf rmWeeUVRULCIjIzV69Gjt3rlbPXv2VMOGDXXnnXdq27Zt/nUCfc509/
nNN2vAgAG69dZblaBBA3XpOKULFizwz4+0jtaQIUMkSddcc43cbreOHj0qScrMzNTo0aPVvnl7XXnll
erevbu2bN1S4H2ZP3++brzxRiUkJJITKYwQgNFFWAEAZOKFDB7Vu3VrJycny+XxKTU1Vnz59/
E12pkyZonHjxqlNmzaaNm2aogKiFB8f r3fffbdY+0tKStKaNWvOONNP52siFKj9+/erd+/
e2rZtm8aNG6du3bppxIgReuutt/Itt3fvXiUmIgpTp0569t1n8827//77FRcXp3feelc//
PCDEhMT9dZbb2n27NkaOnSoJkyYoGXL1pOzy4MPPqj69evr/fff1x133KG//
elv2rhxo39+ZGSk7rrrLk2bNk0jRozQBx980CeeeKLI9zkQc+f0leeff67XX39dPXv21LRpO9SrVy/
ddtttWr58uTIzMzVs2LAS76du3bgKiorS4MGD1ZycrMjISCUmJurbb7+VID333HN64IEHIELZz55zR4s
WLFRERIUnyeDyaP3++evfurUmTJisnlcql79+7as2dPvn2sXrlaTz75pIYNG6b+/
fuXODOAOEWTKgAoI4YMGaI+ffpo/
Pjx2rlzpl577TVIUnZ2tpKSkhQfH69HHN1EKtS1a1d99913+uc//6nY2Ngi72vfvn3697//
rapVgxYr6+zZs3XgwAEtXrxYjRs31iR1ZWVp6tSp6tatm3+5PXv26LHHHt0gQYPO2MZ]j j z2mu++
+W5IUEX0j5cuX6+2331b16tXVsGFDPfzww/ rss890yy23nDXLvffeqdcffliSNHDgQP3zn//
Upk2b1KJFCO1S1y5d813/9ddf6/XXXy/W/
T6XBg0aKDU1VeHh4erbt6+mTp2qHj16+PvhdOnSRc8995ystTLGFHs /NWrUOIABA/
y3Y2JiNGTOHGVkZKhPnz5qlaqV/0xK69at/WeGlqlbp/
fee08z785Ujx49JEmd03dWs2bNNH36dI0d09%a/
zQObNmjpOgW64YYbipOTQPNAGQ4AKCO6du2qyMhIfx0gyy+/
XJKOTfv16HTx4UDfeeG0+5a0j07Vu3Tr9+uuvRd7XXXfdVexiQ5JWrVqlRo0a+YsNO6URTFLLVr155xnYz
evXsXuI369ev7/1+tWjVVqlZNlatXlyRVrixzZVapUCWgOrF03k3cU/9QRp/
bu3atBgwYpKipKbrdbSU1JOnToUAD38kyDBg3KNOrVgQMH8s2vXbu2wsNPHOVLuy/
16tXLdz+zsrKUm5tbrP2 f6tVXX1Xnzpl1xRVX+F8rv/
zyy1lnX+eCDDySdKFDyVK1laVS1bttSaNWvyLduiRQuKDQABoeAAgDLCGKN+/fpJOtHcKM/PP/
8s6¢cSP1VP1l/abD9/vvvi7yvko6ulIimzZqga+//jrfj+/EXETL150R03759/ulqVKigGjVqlGhfIfHLL7/
0zjvv1A8//KApU6Z03759GjFiRLG3N2zYMC1lcuND/d/pzcr6okpaVpwIAB6t0ONnjz7+
+GP98MMPAa33008/
SfrfaydP9erVz7g0yYU8AheACwtNqgCgDLn440s1558u6tatkK@1lnHIXPu+3ED806devgmmuuOaNjtyR
ddt115z1PYRYsWKAdO3bo+eefL5Xrd1woo1lQ9//zzio2NVd+

+fSVI0Tk5Aa2Xd7b1559/ 1gwWXXuqgffujQIQoMAMXGGQ4AKO0aNGmimjVrepNPPsk3ffXqlWrVgpX/
DEJec6JTf3z++00PQcnUqlUrff/994qKilK7du3y/VWqVCko+yyOvPvfoEED/
7RNmzY5FecMxXn0rLXas2fP0e9TXtOuU5tv5RVdqlevok/
79ddftX79+nzNrACgKDjDAQB1XJUqVTRkyBA99thjqly5s1g2bKm3335by5cv18svv+xfrkmTJgoPD9
eaNWt01VVX6f333y/2kLfnOr9/foWmpiohIUGDBg3SsWPHONILLYkyMlLDhw8Pyj6LI6/
j+JQpU9SxY0ctX75cqleviuHDh7Vx40alaNHCTObm/ fff12WXXXbWImBT f fWVPvzwQ//
tsLAWRUdHFzt foM9ZzZo019eWXX/
0zt2zZUKuWLFFsbKwOHjyopKQkVa9eXevWrZPP55PL5VKzZs0kSa+88opatGihunXrqnXrlrr99tslf
Phw7d69W3XqlFFaWpgMMf4hmAGgqDjDAQAh4K9//avGjBmjt956S/
fff7+WLFmiZ599Nt8IVFXrlldycrKSk5NVt25dzZ49+4yhaEvLxRdf rMWLF+v48e0Ki4vTOKFDZalV1l
65dg7K/
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4rr55pslceJELV26VAkICdg5c6dWrVql3rl7a+XK1Z2J0nK2JiYnRqFGj9Morr5x1exMnTtSdd97p/
+vVqlel8gX6nHk8HmM3ZskX33HOPcnJyNG3aNF1//
fXyeDyaOHGiBg0apLSONO3atUvHjh2TJF133XWaMGGCOtPT1bNNT73zzjuSpNTUVMXGXmrqlKmKi4vT
gQMH90qrr/gb7gFAURV/
zDOAKEeSk5PHNW3a9KG808IAnLd161Zt2bJ gt frHelOFgCF4wwHAAAAgGKCh4AAAAAAQNBQCAAAAATK
GggMAAABAOFBwWAAAAAAgaCg4AAAAAQUPBAQAAACBOKDgAAAAABAOFBWAAAICgoeAAAAAAEDQUHAAAAA
CChoIDAAAAQNBQCAAAAAAIGgoOAAAAAEFDWQEAAAAgaCg4AAAAAAQNBQCAAACAOKHGAAAAABAOFBWAA
AAAgoaCAwAAAEDQhDsdAADKin379snn81mncwA44eDBgO5HABAACG4ACIC1dumBAweyDxw44HQUXXW5
CcqRRZmZm140VK25yu90ZTudBwY4ePVr74MGD/

StWrLilWrVgKypWrJjpdKZg8v18g5z0A0Ds jNMBAAAXtVj4+N+GhYVNLFRZOrCULITNTmfCuXm93kR]
oyUt1fR4SkrKVw5HATBOUXAAAArk9XorSJoo6TZr7bDULINRFTmdCOXk8nn7GmNGS1hhjHk90Tv7c6Uw
AyhcKDgDAGbxe73BJ43X1ijMbzTudBySUkJPRyuVyjIW2z105PTU3d4HQmAOUDBQCAWM/
j8dxrjJkkawW5KSsqDTudB6UtMTLzbWjvGGLPbWj s+ISXTE6CczAQhtFBwAAPXr1691xYoVkyT9VILfUL
JS93jidCcH19Xq7GWPG+Hy+XyQ9mpga+pHTmMQCEJgo0ACjHBgwYUCs3N3eyMSbc5/NNTEtL+9jpTDi/
PB7PrcaY+yVdbox5LDk5eZnTmQCEFgo0ACinvF7v45L1irbVDUINTX3Y6D5yVmIjY31r7kKQqd/
t4v010JgChgYIDAMgZXMTEOGVt3621c1INTU5900g8uLImJidE+n2+Mt fagMeYVRicDUFIUHABQTNng8n
tbGmOclbf7pp5/+0n/+/

CynM+HCFR8ff31YWNhYSfWsteNSUIMXOpOJQNTEWQEAIc7 r9VaRNMVa28z1cglKTk5e53QmlBler/
CcGa+3DxpgrJI1LSUL50+1MAMoWCg4ACGEej2eAMeafltq/
pgamznI6D8ouj8cT5XK5HrbWhvt8vvSOtLQFTmcCUDZQCABACEPMTGXhrZ11rX0jNTVInNNSED ri4+0
vDQsLeOxSTWvtQempge84nQnAhY2CAWBCjMfj+Zcx5mZjTL/k50SNTudBaEpMTGx 1 rX3MGFPV5/
M91Jga+oHTmQBcmCg4ACBEeDye7saYWZIeTO1lImeROHpQPXg+33cnCIycnJ+cfM2bMoI8QgHW0o0AAgB
Hi93mRJdXNzc/ulp6cfdDoPyp/EXMRbrLV9IF2Uk5MzYsaMGV87nQnAhYGCAWDKSMTEXC7W2td9P1/
ftLS015z0AyQmIt5trX1la0rvh4eEjpkedetjpTACCRCEBAGXUybMalx87duzuwWbNmHXU6D3CgkyOkPS
1pYkpKygNO5wHgHA0OAChjvF5v00mvW2tHp6ampjqdBzgbj8fzsDHmQWvtIIZmBsonCg4AKEMSEhJGh
YWFdbHW3p2SkrLf6TxAI065557K1atXH+FyuXr5fL7BaWlp7zmdCcD5Q8EBAGWE1+tdKeml1JSUaU5n
AYrD4/
FcbYx5z1qb1Z0TM3jmzIm7nM4EIPgo0ADgAneyCVVGbm5uTHp6+iqn8wAl5fF47jTGPCfp5ZSUlAedz
gMguCg4A0AC5vV6RxpjuiYnJ7d30gtQ2rxe73BIj+bm5nrSO9NTcjoPg0Cg4ACAC5TX6110jPks0OTL5
INNZgGC55557KteoUeNRSTdK6peSkvKVwWS5EATDIKDgC4wPTpO6dq5cqV51trp6ampi5y0g9wPsTHX98
UFhY2yxjzUnJy8iNO5wFQeig4AOACkpCQcI3L5VoTFhZ2xbRp035y0g9wvnm930ck9bfWIOKtNTf2gNL
Zprb1P0OrxirHqfMeaV0sgAAADgOI/

Hc5vX693idA7AafHx8Q08Hs9yr9ebXhrbs9bez4vnjo6Wx fwAAAMd5PB6P1+t92+kcwIUKMTEXZuPxLP
N4PLeXZDsUHAAAoFzzer3jvF5vstM5gAuU8Xg8b3m93ueKu4G8guP999+3K1eupOAAZz jOXOWEAODXLT
Ez808/
ni0hJSU100gtwgbKpgandJlG3zerlfezyeZsXd0IsvvqikpKRSjAYgEBQCAOAQr9eb5PP5mgS1pY1w0g
twoUtJISXne5XLdbIx52ev1Fus9ExMTo5UrV8rn8xU4f9euXYgNjZUxRp9991mI8gIAADjK6/
W093q9XF8DKAaPx/NUQkLCi4Eun9ekaufOnVaS/
fTTT8900zVz5kxboOYNW716dSvIbt68mSZVAACgbPJ6VSMTEXOTcDoHUJY1JICS09Xq9hxMSEQq4817Kn
dhpv3LixTUpKyldsfPDBB1aSHTJkiH311VcpOIBSRpMgADiPVF7vIEnluXo4UDJpaWkfS6rlcrmWliY
m3hHoeu3bt9fK1SvPmLZixQolISWpSpUqgpROVAADg/
PB6vTcnJib0dDoHEGq8Xu8Cr9c7srD5p57hmDVrlgqldu7bNzcOtcFigRYsWcYYDKGWc4QCA8yA+ProL
tbZVcnJynNNZgFCTkpLSwxhTzev1lvnCuZTt06KB9+/Zp+/bt5yMaAFFWAEDQ9e/ f/
+KwsLBXUINTBzudBQhVycnJo6y1lSzwez7tnW65hwdb6zW9+008+
+eR8RQPKPQ00AAiy8PDwD6Y1HZZ0AYS61NTUFYyU97vV6V51tubZt257RjwNASFBWAEAQISYmTpYOKzU
1dYPTWYDyIDU19QNr7QSv1/
t0YcVvEXMQoIyPjfMYCyjUKDgAIksTEXLuttb9ISU151uksQHmMSmpg6UNJar9e7sKD57du315dffqlvyv
vnm/AYDyikKDgAIAq/XWINa0z01JaWnO01mA8ig LIWW+MwWael+t9/
PR5zZs3V+3atfXBBx84EQOodyg4ACA4phw7dqy90yGA8iw50XmepGpLly7tf0pO18ulmIgY+nEAAICY
KSEhId7r9aY6nQPACa+88spHpl9vIykpyTZu3LjAa3GcgutwAKUg30kAABBgXC7XpPDw8HpO5wBwQmx
sbKqk6FOn3Xrrrdgq4caO0Hj2qiIgIh5IBAAAUUWIi41iv1/uQOzkA/
M+pVxovIs5wAKWAMXWAUEri4+Pd1tpBKSkpNZ30AgDAhYJ04wBQSsLCwib6fL5hTucAAOBCQsEBAKXA
4/FEWWuvSUtLm+NOFgAALiQ0gQKAUMCMGWmt/ZfTOQAUKFdSjiRZa421Nsz1cuUEuB4AAICz/
vSnP1Xzer0/
050DQGASEXNTVF5vgtM5gPKCITUAUEIVq1lb1GG0479ZQRmRNZ0+01t7jdA6gvKDgAICSSzh+/
Hia@yEABGbWrFnbXC5XNa/
X28bpLEB5QMEBACWQkJAQI+mHGTNmTfOFOFgCBY83NTZFOu9M5gPKAggMASSsAYk2Ct5ewGUMaEh4cv19
TX6RWAAACF6tevX4TX693udA4AxePlel/
u27fv1U7nAEIdZzgA0JgqVKhwl7V2ndM5ABTboUqVKnVw0gQQ61ig4AKCY jDGAXS7Xe07nAFA81toMSZ
FO5wBCHQUHABRf rDHmXadDACie3NzcL4wxjZ30AYQ6Cg4AKIbEXMSmkg5Nnz59t9NZABRPTK70TKknRT
ucAQhOFBwAUg7U2VhJInN4AybM6c0QestZvuu000Kk5nAUIZBQCcAFIO1tr01lv4bQBnncrkqlkKxZ81Kn
cwChjIIDAIrBGBP7888/c4YDK0O0OstZe4XK7qTucAQhkFBwAUUXx8/0+stRnz58/
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PdToLgJKx1udyx1Ry0gcQyig4AKCIwsLCmrtcrq+czgGg5IwxB3w+n3E6BXDKKDgA0IiMMddaaz9z0g
eAkvP5fD6nMwChjoIDAIruOkmbnQ4BoORcLtfVLpcr30kcQCjjDQYARWStbX706NFNTucAUDwICQnWG
CNrraylMsas9ng88v18MsZsTUtLa+pORiCUCIYDAIrA6/XWLXRszpw5B5z0AqB4jDGbjTFyuVwyxvj/
XC7XIWvtOKfzAaGGggMAiuY6YwzNqYAyLCcnZ4rP5/v190nW2i/
TOONTdiITEMooOACgCKy1lDay1lK5z0AaD4Zs6cmelyuXae0slae8Ra08mpTEA00+AAgKKILITtdAgAIW
0tfdZae+SU2zvSO9NTcjITEKooOACgCIwx9Ywx3zudAODIpKamplprdOr+sxsTnc4EhCoKDgAoAmMNMT
WvtbqdzACg5n8+XZK3NstZ+kZ6ePtvpPECoY1lhcACgCa229nJIwcznCEMOTk5MiwsDCPIK44Xc7s27fv
WJUqVfampaVxhqgOcyc3N/
TIXMXGa0znKAwoOACia+WrVuUMR4gxxvw2IiJi4FVXXRXhdBacX82aNZ0k20/+o0Zw4fPiwdu/
evUkSBcd5QMEBAAHQ27 fvpZIOP/
fcc3QaDOFVqlTIbtKkCQUHUA7s379fu3dz70h80Q8HAAQoIiKiniSaUwEAUAQUHAAQuUJI rwwi76BwBAE
VBWAECArLWXGGMqO50DAICYhIIDAAIKrblY0i905wAA0Cyh4ACAALLcrmrW2kyncwAAUJZQcABAgKy1l
FxtjOMMBAEARUHAAQICMMRdZaw87nQMAgLKEggMAAsQZDgAAio6CAWACZIyp5vP56MMBAEARUHAAQOA
qSTridAgAAMoSCg4ACIAXppLL5cpx0gcAAGUIBQcABK6CpONOhwAA0Cyh4ACAWFFWAABQROFOBWCACA
mldoCkaWdZ5Lbk50SCpncxxrwTnFQAAJRANOEAAAAAEDQUHAAAAACChoIDAAqwTPLly ffjhh@7HAFAMM
zZtOgsvvkKDjx00/
y1V2drbmzJmjLVu20BOFKBQFBwAU4MUXX1RSUpLTMQAUw60PPqoHHNhAa9eudTpKsS1ZskRDhw4953]
r167VOKFD9cgj jxRp+0ePHtXw4cP13nvvFTciEDAKDgAOQEXxMjFauXCmfz1lfg/
F27dik2N1bGGH322WfnOR1COe7du3XgwAGnY5SKQ4cOaezYserQoYMaNWgk2NhYvfjii+dt/
yNGjND48ePVunXr87K/Vqlayel2a8GCBfmmz507V263Wx06dCjyNj/
88EMtXbo037Ts7Gxt374937TWrVvrscce04gRI4q0/
ezsbKWnp+v7778vcjagqCg4AKAAHTpOOL59+7Rp06Yz552aNUstWrTQmjVrHELiGUPT111/
ruuuulU0ZGhtNRSiwrkKOtdu3bVggUL9Pv T/
17PPfecoq0jNWbMGH366afnJUPbtm01c0BAVahQ4bzsb//+/apQoYIWrVqVb/
rqlatVoUKFUiskhwObpv79++ebVqlSJQ0aNEi/
+93vSmUfQDAWLC4AFKBhw4Zq3LixMjIyFBUV5Z+ekZGhulLg4DRkyR03atd09997rYErgwrNs2TJt3bp
VCXYSUEXMj CSpW7duGjZsmKpXr+5wutJ37NgxZWZmgkOHD1g5cmW+eRkZGYq0jqY/
GMo9znAAQCHat29/

xg+I9u3ba8WKFUpKST1KVKlUcS0ZQMnHiRLVq1lUqSFB8fL7 fbreXL10uSJk2apJtvvllvv/
22brrpJjVs2FD33nuvDhw4oMGDB6tIkya68cYbtXjx4nzbvPXWWzVgwIB80x03bgxHH31UkrRy5Uq53
W7NmjXLP3/
kyJFq1lKiR9u3bV6L7k9cMMScnJ9/004uNH3/8UUOGDFGZzZs103XXXacSIEfnWee+999S1alddeewWVuv
7669WvXz99/vnnkk40Bxo4cKBat26tBg0aKDY2Vs8995x/35MmTVLt2rXz7S8zM10jR49W+/
btdeWVV6p79+5ndLS+5557NHr0aD399NNqlaqVGjdurFGjRik707vQ+7t//
353Ix7zL774Qt99950kaceOHdg9e7duv/12+Xw+ZWZm+tc51/Nzut27d8vtdmvevHn6/
PPP5Xa7dccdd/jn165dW5MmTfLfznvdTJO6VTfffLOUUOIKdevwWTV9//
XWhOyPP2rVrladPHzVqlEjROAH5XiNPPvmkatWqpRO7dkg68Vx36tRIXbpOkbX2n0vnZbv11luBfv16e
/eEPf1BkZ0Q5M6Hs 0+AAgEIUl0+j002xgclcc889Sk1IkSQ9+0CDWrhwYb6+B9u2bdNTTz21lyZMna/
LkyVg6dKnuuOMOhYWFaenSpWrRooUGDBign376KeB9xsTE6N5779U/// 1P/
frrroagxY4dmzpypUaNGnfFDvaiio6NVp04dDRoOSAsXLtSvv/5a4HL9+vXTv//
9byUkJGjoOKFauHChv+PzL7/80gceeEDVqlfXs88+q6FDhyozMIONTfIEYfP12LFil1SXFycULlJSFBOdrS
VL1pxR5JzK4/Fo/
vz561t27tyZNmiSXy6Xu3btrz549+77274YUXtHHjRs2d01eTIk1Senq6ZsyYUeh2Dx48KOnE50K1atWo
YsUKSdJHH32kpk2bgmHDhvmwWK46aNWt g4 cKFuvXWW3X11Vdqg4cKFevrpp8+6zhd f fKHXXntNTz75pN5
//30dP35ccXFxZ11n//
796127t772t26Zx48apW7duGjFihN566y1315p0XX755R07dqwk+QugiRMnyhhzzvXz7N27V4mJierUq
Z20effbzYj8uKDtoUgUAhcj rx7F9+3alwiFolLr/8cv/wrVdffbXatWuXb/
6xY8f08ssvg27dumrdurXGjBmjevXqadKkSTLGOL777tMrr7yiHTt2FKmTINixYxUdHa3pO6dry5Yta
tasmelj4wtd/tQj9JIUrVqlApe77LLLtGjRIgOCOFD9+VvVTRESEONnbsqCeeeML/4/
ujjz7S6tWrNXnyZPXt21eSVKtWLQOaNEgPPvigdu/erb179+rRRx/1H8m///77/
fvYVHmz6tSpo4EDBOQSbrvttrPel13Xr1lum9997TzJkz1aNHDO1S586d1axZMO2fPt3/
Al1060Zxy9uzZCg8PV2RkpK6991pt3ry50G3nFRIJutlsd03bUhx9+qD//
+c9atWqVYmJidMk110iSDhw44L//RVWuadvCAAAgAETEQVSpUiW1la9d08+bNe/ fff3/
Ga6Qg2dnZmjdvnr+AHDhwoPr3769169b5z6idbvbs2Tpw4IAWL16sXx00bSzrRI2fqlKnqlg2bKlWgpK
efflr33HOPMjIy90STT8rj8ahp06YBrZz9nz549euyxxzRoOKBiPR4oezjDAQCFaNiwoX7zm9/
0k08+cToKyrGwsDDV rVvXf/uSSy5RvXr1ZIyRIL8f/keOHCnSdmvXrqlRoObp2Weflztvvql//etf/
m2e7tdff1XDhg3z/Z3ah0d®@jRo10pIlS/
TCCy+oc+TfOWrZsmwWljY7Vx40Z38vdp6NSpk3+dG264QYCcPHIbGjRVVPEKTRUZGasKECUpNTT3jLMRtt
92mHTt2aPDgwVaxYkWho8n1+eCDDyTJ36dEkgpWragqWLVueMfhD7dqlFR7+v+0XERERys rKKnTbeQVH
tWrV1LFjR38zzLyCo0aNGpKkn3/++awZS1tYWFi+s1XXXHONJJ31eh2rVqglSo0@aN/
MWCJEVFRWnt2rX+oviWw27R73//e/
XpOOfGGIOCObII6+Tp3bt3yedgyhQKDgA4i7Zt257RjwMIFZ06ddIvv/yi+vXr+49SF6Rqlap6+
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+238/0FMmBCt27dNHv2bGVkZCgzM1INTpkyR9L+2zJS1atIDb7Zbb7dZ1110nST r+++/
1crk0b9483X777203b56109I0c0BA/2hPPXv21PPPP6/MzEZz169dPbdqOOWNI21PINTc7vR9I9erV/
XOuiuvgwYNyuVy66KKL1L1zZ+3Zs0dvvvmm9u7dqw4d0sjtdvuXclLefT9bjszMTH399df+58Ttdisx
MVE50Tn5+vZ06NBBv/
zyilglagWLLrqoyOtXgFDBX4ihfKBJFQCcRUxMjP9HEhBqHNzwQd18883623/+00mTJuU7Wn26Nm3aF
Hs/TZoOUVRU1P773/9KkurVqydJimj9/
vipVgpRv2auvv1gS1KBBA40fP16S9Mknn6hfv34aM2aMpk2bImOMevXqpV69eunwdcN65IFHFB8Tr8j
ISDVpOuSM/
eft7+eff9alll7qn3700CHVrFmz2Pcrb5t5ZxLql6+vyMhITZw4UW3bt1XVqlLUVERHhX85JeUXXZZdd
VugydevW1TXXXKMIEyacMS9vvUOHDmNChAm6+
+679frrrysjIoPt27cPeH2UTxQcAHAW7du31wMPPKBvvvmm202vgXPJul5Ebm5uqWwvIiIiXx0WzMzM
M50Fvfrqqlg5cqU++ugjviXWwW3riiSfoOhz/
8IV9zmOLYvXu3jhw5km87ubm52rdvn790ybtmRMWKFQPqj9CmTRulbdu2wOviXHTRRYqLi9PMmTO01Zc
uWAguOvL4tqlevVvfu3SWdaCa2fv16fx+S4jpwdEC+/
iwd03bU90nTNXz4cEknmja53e58ZxYCeX4KEh4eHvBrxFqrnwcf/OwvKahN9xwQ6HrtGrvVSh9+
+KGioglLynbk41aOPPqgqgqVatq2 rRp+vXXXzV8+HB1ZGSoUqVKAa2P8okmVQBwFs2bN1ft2rX9bcCBYKh
bt659166td955Rx9++GGILwDYtGlThd68WUePHtWuXbs®@aNAghYWF+ecfOnRIjzzyiOLi4nTVVVfI6/
Wqbt26GjZsWEnviqZ0Onapbb71VSUlJ/vvy5z//2T8MrnTih+3tt9+uv//
973rnnXe@cuVKjRkzRr16923J00i9Au3bt1JSUpOXL12v+/
P1677331K1TJ11lrde+992rIkCH+oumZZ57RJZdcUmin+datW+v222/X80HD1ZycrAULFui+++6TMUZ/
+ctfSnR/f/rpp3zNg7p27aqOHTsqNjbwWP+3SSy/Nd4bjXM+PdOKMwMGDB/ X+++/
7h5xt2rSpvvrgK7399ttasGCBDh8+XGiunJwcISQkaMWKFVg2bimeeeYZxcbG+pvOXXzxxbroooudfv
16f fPNN5Kk/
v3792rVgkpISNDK1SulbNkyxcfH651nnpFOYsjb2bNna9SoUapQoYIefvhh7dy5USMnTw50fZRfFBwA
cBYul8s/PC4QLOHh4UpJSAGOHTt055131nio0JEjR6pZs2ab6+uqrdcstt6h79+592bK1f/7YsWN1/
PhxPfjgg5J0HHE fOXKkVqlapXnz5pVo33mjD/3f//2f/
vznP2v480G67LLL90677+brJ5Kamgo2bdro73//u+6//35t2bLFPxLViTfeqlL///e/

69NNPFR8f r+nTp2vMmDEaO3as jDFKSkqS2+3W1K1T5fF4VK1SIS1atEiXX3550b1SUIMVGXxurqVonKi
4uTgcOHNCrr76arON+cRw4cCBf35B27drp9ddfz/d4V69ePd/Vxs/1/Egnhkt2u93q2b0On/
8x0v3791KdPH/31L3/R4MGDtX79+kJzVahQQRO7dtTIkSOVkICgG264QcnJyf75LpdLgwYNOty5c/
3X/7j440ulePFi/xC6Q4cO0lbVWXbt2VU50jv72t7/ppptud@l133SXpREfOVGGGY/32270uj/
Kt40EoAKCcstYOKDTt1GnPPvuspkyZou3bt59t1S7GmHeCGg5Bk5KS0OrimzZpz03bsGHgXwka5M2nSJ
D311FMlvohjKNu/f78+
+uijTf369WvhdIbygD4cAHAOt9569zZu3KijR4/604ACAIDAUHAAWDKObdpUGenpTs cAAKBMouAAAAA
IIT179vSPBAZcCCg4AAAAQsj1119+1g70wPnGKFUAAAAAgOYZHACQX46kYwXNYM3NrRAWFpYjyRayHg
AAOA1nOADgFMaYNGNMpYL+Bg4c+FLCQsINhcxf5nR2AAAURBQcAAAAATIKGggMAAABAOFBWAECATD7 D
z6fz+dODgAAYhI6jQNAgFwuVylrLQdqAAAoAr44AQAAAAQNBQCcAAACAOKHgAAAAABAOFBwWAAAAAgoaC
AwAAAEDQUHAAAAAACBOKDgAIKLX2C67DAQBAOVBWAECAjDFNXC4Xn5sAABQBX5wAAAAAQOY rjQNA4Gx
YWJhx0gSC45dffqn@6aefHnc6B4Dg03r0gLHWOh2j3KDgAIDAWZ/PRSERgowxW7KyskZ/
+eWXTkfBebzZnz57BlapVWlilatVvnc6C88ta+53TGcolLCg4AQLNn8Xh2SprodA6cflovt+fu3bvnpaW
1fex0FiBUOYcDAAJHKYyoAAIqIggMAAABAOFBWAEDgVsz0zuY6HAAAFAEFBWAE7 rcVK1QIczoEAABLCQ
UHAAA0t6y1P+Tk50Q6nQMIZRQCcAACG3DLGXBIeHs6ZSyCIKDgAAEC5Za390iwsLMfpHEA0O+AAAADTT
jGmUW5uLtclA4KIggMAAABAOFBWAECATLVTHT9+nM6 1QAgxxuw2xvC+BoKIggMAAmSMuYphcYHQYq2t
b631fQOEEQUHAATO+nw+43QIAKXKhoWF8b4GgoiCAwAAlGe+nJwcTfg8BQcQbDAACX5FQIPR8k5ubSx8
0IIgoOAAAQL11jGLQsWIFhsUFgoiCAwWACRX80AACKiIIDAAJKkrdltrfU5nQMAgLKEggMAAMSMgRceHs
7wmUAIsdb+xIEEILhoswgAAbInOKQKCC2XcBOOILg4wwEAAMozRp8DgoyCAWACZIyh0zgQYqy1lvK+BI
KPgAAAA5dnu48eP04cDCCIKDgAIKkDGGphdAiGEwCCD46DQOAAGY1n7h8/
1lynM4BoGistfdImneWRTglpqYWNPO+Y8wrwUkF1B+c4QCAwWDUOCwur6HQIAADKESS5wAECAGBYXAICi4
wwHAASIUagAsm358uX68MMPnY4B1Duc4QCAwWPMMMRYyo0AcqoF198UYcOHVK7du2cjgKUK3xxAkDgGKUK
KMNiYmKOcuVK+XwFj4K7a9cuxcbGyhijzz777DynAOIXBQcABMhauz83N9c6nQNABXToOEH79u3Tpk2
bzpg3a9YstWjRQmvWrHEgQGRDaKDgAIEDGGLckxusHyqiGDRuqcePGysjIyDc9IyNDcXFx6t0njwoZHh
dACVBwWAEDgf0JzEyjT2rdvr5UrV54xbcWKFUpKS1KVKlUcSgaEL r44ASBw90EAy rj C+nFOGNDBoURAG
KPgATAAWWSsZFhco4/

L6cWz fvt3pKEC5QCcEBAAFyuVwMiwuUcQObNtRvfvMbffLIJJO05HACONVjgBIEDW210+ny/
H6RwASqZt27Zn90MAEDWUHAAQIGttPWNMJadzACiZm]iYMOagAhA8FBwWAECB] jLXWOocDKOPat2+vL7
/
8Ut98843TUYBygYIDAAJHHw4gBDRv31ly1la9fWBx984HQUoFzgixMAAmddLhdnOIAyzuVy+YfHBRB8FB
wAEDhfbm4un5tACCisHOe3bt1krdwWl117rQCogNIU7HQAAygpjzK/
GGOtODgAld+utt2rjxo06evSoIiIinI4DhDQKDgAIKM/
nqySpgtM5AJRc06ZN1Z6e7nQMoFygaQAABIgL/
WEAUHSc4QCAAP18v1xJYU7nAACgLOFIHQAELtvpAAAATDWCc4QCAABT jwowxfG4CZc8xSVKFzcjNzalo
jPG5XK6 cAmZzKAE0BXxxAKkDgGBYXKIOMMa9LqlLQPK/
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Xm+Tz+bakpaWlnO0dYQLnBFycABI5040CIsdYal8tV0OekcQCj jixMAAmStOYNPTSCkGGNY rbUMBgEEEV
+CcABAgY8w+n89310kcAEqPtTZLks/
pHEA0ow8HAATIWusOCwu720kcAEqPMSZMEpcaB4KIMxwAECCaXgAhyWet5fcQEES8wQAgcFz4Dwg99M
0CgowmVQAQIJ/
Pd1CMyw+EFGvtAWPMMadzAKGMggMAAuRyuapaa6s5nQNA6THGOC8LCDIOIQJAgIwx0VxpHAgtllgaSg
JBxhcnAATIWNtANKkCQoox5idjzEVO5wBCGQUHAATuYmttVadDAChVVaylbqdDAKGMJILUAECBrrc8Yw
+cmEEJoUgUEH2c4ACBAJ5tUVXI6B4BS9b01torTIYBQRSEBAAFyuVwXG2MYpQoIIcaYKtbaWk7nAEIZ
TQMAIEDW219zc3MZrx8IIT6fL8sYc9TpHEA04wwHAAT053C4jNKkPhICT/bKg050DCGXGH6QAACCGL 4/
FEBYWZnO+XwVINU4WHbt040BNxdTU1Kb0JgRQVAkICWt14j0cboypYa2NkPSNMSbMW1s1LS2ticMRgZ
DCGQ4AO0AtjzCGfz9fe5crXArWWIP18vs30pAJQEtbag8aY2Lz3tTFGki490W+Hg9GAKEQTDgA4i5ycn
AnGmP2nT7fWZvt8vmQnMgEoGWvtU5L2nD7d5/P1SJp7/
hMBoY2CAwDOYtasWYuttRsLmLUzPDx85nkPBKDEZsyYsdwYs/
b06caYnceOHZviRCYglFFwAMAS+Hy+p621B/
NuW2uPGWNmp6SKHHEYF4Diy83Nfcrn8+3Lu33yAoCvzZkz54CDsYCQRMEBAOcwY8aMdyX5j4YaY7b/
8MMPOx2MBKCEZsyYsdrlcq0+ZdLO3Nxczm4AQUDBAQABMMaM17 THWpv r8/
LeffPNN3920h0AKj127NgT1tpvfTeftdYumjFjxvd0ZwICECPiAshn+vTpL1lrrzfG1lJAUdvp8a601]
4d00W267+R49qffz1EBI+JZa30NMWds/+S8HGNMeN6/
p22jw00VNu+UbeT7fyH7LSxTrqSwnJycaj6fz1WhQoVMY4yvs02c3FZBj5NPZx70yVUBj3Mhcqg2lyst
Y2HMROLYK20/ZHtuzOWit/
T4703vAOKFDvyhmnnJhypQp3VOulz9cLtdlkmoEsMrpz1NBz1tBrouCthHoay2g5U++/
nwB5Dvne684ylprfZIMUd4DBWO7Nzf3Yp/PF16hQoVDOVFYnrq81ZQbaPZT9iEF+F469bMzkPt+
+mftkKXJ14ned67T1A96mMcZaadv7mVLo50cRntNsSYestR8NHDjQU8wcuABRCACQIKWlpbmttd+Hh4d
XrFatmsnNzZXPd9bf1Gd1jNHIH8c68Z1d/
HVP3cbZt1fQVEDXDSSPILlcrhI9LmfbdiDLSirWfQhkv8V9fCpWrKgjR47YI0e0qEKFCmlxcXHeEgcM
QdOmTVscHh4ee9FFF4VFREQoOzv7v0y3q0/Foix/
+jKFrVPc11ZpKe6+omYvyfubJI+T0499aTyG4eEnapLMzEzf8ePHsxMTE6uUakg4hoIDgJIKTk6+Q9PV
NN9OUVqg9ePafjoAx74403bG5u7nyvl/

tHp7NcSIKTk1dWrFjxph49evC9CwRgx44d2 rBhw3GPx1PZGJIPrdB6UDHO4AMhau+W66663j2EC]/
f73vzfW2j9MnjyZgu0k50TkCeHh4WOoNoDA/
fa3v1lXDhgOrlCcn7zv30rjQUXAA5dy0adNGhoeHV4gMjHQ6CKLEZZdd5qpcufI4p3NcKIwx99evX7+C
0zmAsqZVqlYyx1RPSUm53eksKBKKDgAdKlasGGinZeCcLrnkEmOMgeVOjguFz+erXqsWDwdQHBUrVrQ
50Tl/
cDoHSoaCAyjnrLU1jh8/7nQMhBBrraylFzud4wISUZoDDQD1SUS0TnhYWNglTudAyVBwAAAAAAgaCg4d
AAAAAQUPBAQA0VSebVDkdAwBwgaDgAMo5Y8zx41+sGjiTMUaMm5+Pj /
cYUDzGGOvz+Y45nQM1Q8EBTHPW2gocjUYQMPLZ/
7h4jwHFY601LperotM5UDIUHAASR1+B4DHG8B4DUK5RcAAWHHOFgsday3sMQL1GwQEgh60vKG2WX9gA
SofPWkufsDKOggNAOL8NUZroNJ4fTaqAEjGS+J1Ig4yg4gHKOUapQ2k4wWs0OF057hQOKQKKBFj jOHzpIy
j4ADKOUapAgBcwKwkn9MhUDIUHEA5xxkOBIPP5+MHwv/QpAooPiN+r5Z5PIEAUED85z/ /
0bJ1ly5y0ERCXy8X3y/8EvUnV3rl71Zqaqh9+
+CGo+wECcYOkOXvbxhQCUc+erSdXatWulcOHCEm9nyZI1lGjpOgP/
20aNHNXz4cL333ns13vb5tHPnTqWnpxdpnVmzZmnu3Lm0ZgjEyaP5/ED4n6C/
wV544QU9+0CDeuGFF4K9KO1nvg9xfmVkZMj j8Zx1mY8// Lh33XWX6tWrp/
r166t79+7q3bv3eUoI5SEfBAaDEcNNz1ZKSojvvvFMNGjRQu3btNG7cOGV1ZfmXefrppOv1x9CHH360p
UuX+m9nZ2crPT1d33//
fYm3LUnbt2+X2+2W2+1WnTplFBOdrfj4eGVkZITK9v08+eabGjVqVIHWWb16tdg2beu/HRcX589661/
r1q2D1iEQJwtYrjR+UmkOpzp06IDGjh2rDh06gFGjRogNjdWLL770n9+7d2/94x//0G8/KE9/
HOpSZmamdu3adV72f6E4duyYatWqpaSkpHzTY2NjVa9ePRO/ ftw/bdu2bXK73Vq7dm2J97t+/
fqzHsDJzMxUr169VKNGDc2ZMOdz585VRESEPV rooxLv2wHGGMPNSR1Hr3+gnCuN4UuHDh2ghQsX6v77
79fAgQ01detWzZ07V7VqldKAAQNKI+Z5N2zYMMXEXQj TTz/Vu++
+q7vvvlvz589Xp06dHMnz3//+V1999ZVuvPFG/7QRI0OYoPj7ef/
VYSWOKi4vT1Vdf7UREFMJaW6KKIysrS127d1VWVpb69u2rxo@ba82aNRozZoyaNm2g66+/
XvXr19fw4cNLK3Kxd0jQQZ07d9bTTz/tal7zgWLFimrevLm2b9/
un3b8+HFt2LBBOTk52rhxolglaiXpRMEhSc2aNQt6rh07dujQoUNKSEjQTTfdJElatWqV1lglbF/
ROAWWh4ADKOWt tiY4cHTX4UC+++KIGjhypESNGSIK6dOmi/
v3791glagWSOQIXXXWVOnTooA4dOuivf/
2rWrzsqZdfftmxgmPVqlWqVatWvh8rllxzTb51Ik6cqKNHj+ghhx463/
EKQqfxUrJs2TJt3bpVCxYsUEXMjCSpW7duGjZsmKpXr+5wOjRt21Rbt2713968ebPCw8N17bXXat0OmT
TkKjqZNm6pK1SpBz3TkyBFJJwoi4EJAkyoAJZLX/
yMnJyff90rVgxfY10S1115TmzZt1LhxY40aNUrz2dn5599dulZ9+vRRo0aNFBOd rVmzZgUte6DCw8P1
crnyNRFbtGiR+vbtq9/97ndgqlKiRevfurU2bNvnnZ2dna+DAgWrdurUaNGig2NhYPffcczp98KZt27Y
pNjZWDRoOUN++fbV79+4CM3z66ae6/vrrVVhf7L179yopKUn9+/dXZGRKUDIUEd8v/
10iUaryng+C3mN5Pv74Y7ndbn388cf+affcc49Gjx6tZ555R1TFRUYgMjNTo0a0le/
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du9ezZUwObNtSdd97pP/IunWi65Xa7NXv2bP+0zZs3y+1269133y0w3/z58+V2u/
Xtt98qLS1NbrdbTzzxhCTp888/14ABA3TrrbeqQYMG6tKLixYsWIBv/UmTJunmm2/
WokWLdPPNNxf60gzks+Htt9/WH//
4RzVqlEitW7fW+PHj873eFy9elLLfbne+MRHIystxutw4fPuyfNnnyZHXoO@EFXXHGFbrzxRo0OYMUKZmZ
kF3v+mTZvq888/9+9n06ZNuv7663XDDTdow4 YN/
uW2bduW74BBZmamRo8erfbt2+vKK69U9+7dtWXL1lnzbzns058+f rxtvvFEJCQkFZtiwYYPqlaungVOn
asSIEbrzzjslSbfddpvcbrfWrl9f4HrnyjBqlChdf/31/
tvffPON3G637rvvPv+0ON954Q263W5mZmfrqq6907733qlmzZrr66qt19913a/
HixQXuuwjoNB4C+EIAyj1jTIbL5Sp2p9ZLL71UHTt21IMSIEZV16tSzjpKzbds2vfHGG3rooYcOcuRIp
aena8aMGf75+/fvV+/evbVt2zaNGzd03bpl04gRI/TWW28VN16pmDhxonbt2qU//elP/
mUXXHGFOnXqpMcff1zPPPOMs rKylJiY6P/
RMX36dClatEhxcXFKSUTRAHSO1ixZku9HY25urkaNGgw+fftq8uTJ2rplabF9Kv7zn//
ohhtuKDTjuHHj FBYWpgcffNA/rbQzFIW11jMcIx1jVIKBGaKjolWnThONGjRICxculK+//
hrwunPnztXnn3+ull9/
XT179tS0adPUqlcv3XbbbVqg+fLkyMzM1bNiwYmeTTjS1lWrhwoerUqaM77rjD37xSkurWrauoqCgNHjx
YycnJioyMVGJior799tt829i2bZsmTJighx9+WIsXL9a2bdvyvQ4D+WxYs2aN7r//
flWpUkXPPvus7r33Xk2bNk3jxo00rOv1Zu3atxo@bp3bt2iktLU29evXSI5980gMHDhS4fLNmzZSV1aW
d03dKkjZu3KgWLVqoRYsW+QqOrVu3gmnTpv7bHo9H8+fPV+/evTVpOiS5XC51795de/
bsybf91atX68knn9SwYcPUv3//M/Z/80BBxcXFgXPnzho4cKC8Xqg+efPJJISdK//
vUVLVy4sNBmX0fKcP311+vbb7/VTz/9J0LEYXPIIZfkul+fffaZzrrvuOlWrVk2jR4/
Wd999p3/84x965pLnVKdOHalYseJcD3kguFhUGUeTKgCcs9ZWI9v18IWpjPnv2bIOcOVIjxozRmDFj1L
J1Sz300ENg3759vulqVKig9PRORURESDrxY2jz5s35tnPgwAEtXrxYjRs31nSi/
fruqVPVrVu3Yuc7evSojh071lm/auZp7DRoOSIMGDZI001nCONGjddttt/nnN2/eXM2bN8+3vT/+8Y/
6+uuv9dvf/1abN29WnTp1lNHDgQENKt24en8+np556yt/nYt26dQUWVz/
99IM2bdgkRx99tMCs69at08svveynnnpKl1xyiX96aWYoKmMMB7ROUZIzHIdddpkWLVakgQMHql+/
foqIiFDHjh31xBNPqGHDhmddtOGDBkpNTVV4eLj69u2rqVOngkePHV4R] rp06alLnnnt01tpiz6xVq5Z
glaqlSpUggXbt2mrXrpl/
Xo0aNfL1449gJidGcOXO0UkZGhPn36+Kcf03ZMr776qurWrStI6ty5c77XYSCTDZMNT1ZkZKRmzpwpSer
evbuMMZo08ebKGDBkit9sdOP3J01M5c0BA1a9fX7GxsRo8eHChy+d9DnzxxRe66qqrtGHDBnNmIXjVt21
SfffazsrKy5PP590WXX+raa6+Vd0J99t5772nmzJInq@a0H/z43a9ZM06dP19ixY/
3b37Bhg5YuXXrGAQdj jHw+nzwejyIiIvT8889Lkn77299q7969kqRrr7220EEkAsnQsmVLSSeKqI4dO
2rjx0392b0n0tLStHv3btWvX1+bN29WVFSUf7kuXbroz3/+syT5t1tCXGk8BPCFAJRzpXHhv4svv1ljP
P/+8VqgxYob59+2rnzp266667zhjC9aqrrvIXG5JUpUqVfM2UVglapUaNGvl/
UEhSVFSU1g5dm2+016KaMGGCGjZsm0/vXIYNG6aFCxdq5syZ+t0f/qTHH39cEyd09M/
Pzs7WUO89pRtvvFGlatXSH//4RONSL7/8IunEj/
sd03Zo80DBWrFixRnNmKQTBdipHbwrV65c4NHrlatXKyIiwt8W/FTWwWv3jH/

9QkyZN8nUgL+0OMKD5 rbYmvw9GoUSMtWbIEL7zwgjp37gx1ly5YpNjZWGzduPOt6tWvXVnj4id9qeU2wb
tWr559f rVolZWV1KTc3eC1WXn31VXXu3FLXXHGFLr/8ckn/e5/
kCQsL8xcbOpmvw3NINuTm5mrZsmX+Pi550q90jdeTIEf3nP/8J0G/
nzp3lcrkOcOBAvT766+d8P1SvX11XXnmlvvjiC2V1ZWnL1i2KiopS06ZNFRERofXrl+vzzz+XJP8Zjg
8+
+ECS8uWtWoiRePoAACAASURBVLWaWrZsqTVrluTbfosWLQo9uz1lhwgStW7d0s2bNOKUXXRTwTQwOQ6N
GjeR2u/3NrDZu3Kg2bdgowWbNm/tfehg0b/Pluv/12/d///

Z8mTIhwRvMwLG8UHABKT fPmzTV58mRO+umnatq0gb8dd6AyMzP19dd f5xviNTEXUTKk50dq3bl+xc8XF
xentt9/2/y1ZsuSc61x11VVqle6devTooX/9619KTEzU+PHj/
UcOBwwYoNdee02jR0o3Sjh079MYbb+Rbv2fPnnr++eeVmZmpfv36qU2bNmeOXQ/
URx99pFatWuUrlvkK89NJILWr9+vcaPH6+wsPz9/0szQzHQBCIIunXrptmzZysjI0Q0ZmZmaMmWKO5HOK1
0tTQMGDFCfPn308ccfF/vChOf6bDh8+LCOHZ+ui/+fvTsPj606/
wD+fcOMNNYQXKhaXACVRXZckMUFq1KqlSgWwTBz75kQK1Vbg+3PVmut rbbaugXm3EmICNYatVp3rIiy
74Kgglp39gKIsVrZk7nl/f8wdDEsgy®zulDmf551HGTL3fidkIvPec857Wrfe53HIEb/atMO+/
vjj8cwzz+D444/
H7bffj169euGuu+465LS4Xr164b333s0aNWuQl5eH7t271ysrC3369MGaNwWvw7 rvvomPHjnuLquQUpf
0X/bdt2xafffbZPvd17Nix2vN+++23ICKObNmyxs8vqaYZzjzzTKxduxZaabxYsQK9e/
dGr1698NZbb+Gzzz7DV199tXeE4/
bbb8f111+PJUUWYMSIERg9evQ+a9vqyKzhaALMEJVhNHPp2PivdevWuOCCC3Dffffh22+/
rfGVt2000Qannnoq7rrrrgP+rlOnTnX0c/
zxX+P444+v8+0B7zpCffrpp9i5cyeeeeYZ3HrrrRglatRBv56IcNVVV+Gqq67Ct99+iltvvRXhcBinn
HIKunfvXqtzL168+KDTof73v//
hzjvvxAUXXIDzzjsvrRnqoP6bTzQdTKnYjKOK7t2700+fPvjkk09SedilUe+ihhzBy5EhMmMDABWIEL 32
vqc08NOTk5aNOmzQELu7dt2wYgMbWrNs4+
+2ycffbZOFpj5syZu06669C5c+d9poFVddppp2H27N1YvXr1Ps0dTj/9dKxevRod03bcZ/
F1cpRp27Zt00KII/
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bev3379kMWGPv72zW9+99mzZ600gAjPPPNMrabF1TRDv3798PTTT+9daN+1alf06tULCxcuxJola5Chm
4tevXoBAFqlaoXrr78el119/PT777DNIKTFhwgSsWrWgXtMKq2uWYTQe51/QMJo5IqrbJwCP67qYN2/
eAfdv2rQInTt3rtUw/4ABA7Bx40b06dMHQ4YM2eeWk5NTN5]j 11 rxKd/
LJJ2Pz5s0AEVPjk9auXVvtYlulaoWJEydCal3raQbJ9RtnnnnmAX/
317/+FV999dXeBaKHUp8MdcENsX1941GvKVWTf/
453nvvvX3uclOXX3zxBU444YT6ZttH8nVWdQpjTUclsrKy9pmaxczYtGnTPq+Tul7trs17wxlnnIFFi
xbt87jkdMTkupLkKGHVwif5ej4YIQQmTIiADhO6HDI7sjXub6tWr9lnblatXL6xevXpvS9yk5LgKgnl3
7NiBFStWHDAt7FByc3Px4IMPYuHChSguLq7x42qToX///njnnXewfPnyvY/
plasXVglahXXr1lmHQoEEHLQiOPfZYXHrppfjkk@8OmEIXS1Tf9u2G/8wIh2EOc/
VZLAok21BOmDAB4XAY00aNQiAQwGuvvYbHH3/8gN13DycUCsFxHFiWhcmTJ60iogKPPvooTjnllL2bm
nXqlAlbtmzBnD1zMGLECLRuU3RqtWrXCihUrMGzYsBqtz6iJDz74APPnz8fHH3+MIUuWYObMmZg0®aRLa
t2+Prl1270onXrlpg5cya000IIrF+/
fu8v+6VL16IPnz648sorcfTRR2PIKCE45phjEIVFOKS5duxrvAp5U3fgNzz77DNFoFCNGjMDGjRv3mTK
S15eHfv36pSyDUW+Meoz4FBcXY+bMmbjhhhvQv39/
aK0OxdepUbN68GVOMTELhzMQH2NNOOw3L1i1DKBTCunXrcOuttx7wdfu/
DokIPXrOwKJFizBv3jxs374do0aNQv/+/fHSSy9h5MiR2LI1C+677260bdsWy5cvh9abxleua/
Le8POf/xyXXHIJwuEwLr/8cqxduxb33XcfpJR7Rzi6d+
+0YDCIpUuX4qSTTsKcOXNQULKyz7nuueceLFiwAKNGjULXr12xcOFCbNmyBcOHD682X8+ePbFrly68+
OKL+Mtf/rL3/
j159+mDDhg348ssv99kFfuDAgbjoootw44034vPPP8TRRx+NWCWGISsKkSZNq9D1JF rGDBwIGYWHh3tHO
6jb+7NixI3bu3Il///vfGD58eI0z90nTB/F4HLNmzdq78Wjv3r2xceNGvPrqqxg8eDCARCexH/
30Rxg5ciQGDXx6MrKwsPPzww+jXr1+99mRiZnMBowkwIxyGYQTr8l4+atQozJgxA2vXrkUKEoF1WTjgg
w8wffroaqcfVKd169Z44YUXUF1ZiYKTJ+K6664DM+Piiy/
e+zX5+fnoOKEDxowZgzVr1lkAIgcmTJ2PmzInVdnGqi3vvvRejR4/GHXfcgf/
8529QSuGO00+4AAHT00AGZzZs3CzpO7 cFXVV+Pxxx/Ho48+it///
vdYvnw5i1Aj33XcfOnTogOLiYti2jZycHDz33HN7F83WVHXrNz744APs2rULs2fPxujRo/e5/
e53v0tphrpI9RSixoyI61XU//
73v8fkyZPx5INP4uqrr8aNN96ITp06Yfbs2ftcNU+V4ulifPrppzjyyCMRiUTW4IMPHLAY7P86BIA77
rgDxx13HMaMGYNbbrkFmzdvxtSpU9G3b1/Yt017770XkydPRiwWw6effnpA57hDgcl7w8CBA/GPf/
wDH3/8MaSUuOeee3DNNdfssxHm9773PUSjUUS jURxzzDF4+0GHc T/
99+9zrgKiIowcORLPPPMMJkyYgCVLlubDvf//
7ITvlidenSBalbt8a2bdv2GeE45ZRTkJubi23bth3QmtZxHIwcORLFXcWYOHEivv766306ddXGLbfcgs
6d02PSpEnVT1sbPXo00nXghCuuuAKrVq2qcYY2bdggd+/
eWLJkyd6pU23atEG3bt2wdOnSvVPFOnbsiAcffBBbtmzBL37xC/zqV7/C80HD8Y9//KPWz6cq7/
Vj3k8a0fMPaBjNXHFx8aKcnJIxB1112mbkAKYHOP/

98XHjhhXuv4jYGglatwvvvv+9GIhEzig592 rRpPGDAAIXx4401+RzGMRufJJI59krfVTkUhkjN9ZjLozH
zAMwzDVAXx1Ka43TTz8d5557rt9RjHqo77RFwzCMxs5cfTKMZk4IYdoNZighB0655x6/

Y9SImXLIOnf ruNG4YzRwTkfk91cizZK5uGOcxprdlcfTXSwHzCNgwjIbTW5pdUI2dGOAzDgNeiccOoqVA
oNEQIcSmAC4joeMdxarc5QuNVry5VhtHMERGZC+SNnCk4DK0ZI6JdgUDAVBXGSiW7ykgpRwAY rowW+gI
10Z0Z0Qggws/
Y5Yo0pb5cqwzCMxs4UHIbRzDFznuu65t0QkXKWZX2gtW5NRI2SbVWTH7y11vXaCawxYeZ6bfxnGMOCN
6CcLFE2VKTgMo5kjo1l3m6quRDsy8TAhxOcF+vogoIKX80TOVFOKsj0aj7x3kEIZhGGZKVRNgCg7DalaY
0c9cfTXS0aSkZGw4HI4Q0T8B0OG6/
zeN2ENHRAIYxc3cpZVcA6WFSALCemd8TQqx3XXd9LBb7wof4hmEYRoqYgsMwmjkiqjQjHEagMTNIKYs
BvBmPx39GRD/XWg8UQmRrrRGLxY7e/
zGhUKh7V1ZWN611dyIawMzjhBDdpZR5zLyeiDYA2EBEG7TW6410913qZ8M/
08MwGgoRaWY2bXEbOVNwWGEYZzM378+1YtWrToz8z9AfTbuXNnv+zsbFNxGCnjFbCamdcQUbIAINCXiPp
grbdqrdswc66UckRFRcWgs rkybcnH1ZaWrkdil0PZqscbN25cmxYtWnRn5m5CiG7MfCkRAQfQTUQ5BC
B6rwjZAGCD67rrSOtL/90AT/mQiIjIJVPWGUSTMTOb10/iZgsMwmrD9iwsA/
QEcx8wrmHkFgJdyc3NPIGI+MGO7jRTxdtYmx3GmVbo/
HA73rKiouDInJ+c6Irol0zu7r5RyG4BVAN5Kk51WBQGDVtGnTPq/
6uFmMzZnODYJ1324d1WccGAoHuzNyNiLox88hgMNhdSv19JIgX9fBGReLx+IZAILBeKfVV2p78QXgfmB
rylIbR1BDMvnGNnik4DK0OJKCoqauW6br9DFRAE9Ael11LtVH1dcXFWEsOmbOQBKSkrWAlgL4DfJ+woLC
7udrttXCNEHgNRa95VSZsMrQAC86brukKm/04wCxWOwzAJ8BelLXq/
fn5+YEOHTp011p3B9ANwWIBAIBACOF1KGCcB360U2JKdrbd26dX15eX1FGp46tDZNdgzDal 5MwWEY jVAo
FGothOgvhNhbXMTj8c4AVh6quDgYIjKbkhm+mTZt2kcAPgLwz+R9Eyd07BQIBPoIIfoy8+hgMHirlPJ
4Z15FRKu@1m8CePPYY49dddtttx30k3x5ebkL4G3vto9Jkyalroys7A6gmxCiG4CxALqlb9o+
+USRYEXGt11rvXSvCzBtKSko+Tv2zNwzDaB5MWWEYGU5K2VZr3Z+I+gHoROTIARWNYAURrXBd9zki+p
3j0BvgcnxmzjJdqoxMMn369MOAXVFUAID8/
Py8du3a9QXxQVwhxBoDCjRs39pVSrkOWIUKIVZWV1atKSOsPucfH1K1TtwlY7N32EQ6HVX8IBLp70706
CSF+iMRakaPhddACsHe9SFZW1nrveIZhGEY1TMFhGBmkoKCgXU50zv5rLjoKIVYgMXrxLyK6NZV7FhC
R6f5hZLzy8vIdABZ6t70sy+0thOhLRH2Y+bJgMNhXSvKklEutCVmutVwkhVimINtXkPN5IxscAZ1e9/9
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prr83Zs2dPN611dyFENYHEuUQAKXdftLqWMI1GMLALWFRIFyfpjjz12fXUjMIZhGM2IKTgMwyfhcLgDE
fUXQvQnor5ekdGhypqlLp4jo/
5RSH6QzBydWtKbzFEYZzpLVukGGzWCy2BsAaAABN75NSnqS17ktEpwshigDO1VIKIIqQvetCSkpK3q/
peR544TIE9AN7ybvuYOHF1J29g1lveFEL2FEBOEELO2btx40pRyOXEhEAjU85kaRvNERDBtcRs/
U3AYRgMIh8MdAoHAgOTIhTctqg28aVHM/

EQ8Hv+VH608hRBbgsGghukCYqRQIBA45L SmdPKK9ABAPIG8z7KsowKBQF+tdV8hxJhAIPAHKeUx3nSs
fwP4RAixKhgNrq7t+YiogxCiC7zXNjMPAPAJgFkAPmMHmm7 TW5vetYdQBEbnMbKYtNnLmDdAwWUkxK2ZG
Z+3tFRXJaVBYRrQWwgpk fEOLc6C2W9d3u3bufDgQCP/A7h9FOfPXVV6y1l/sTvHFV5u5W/
5NOAINpG5+X190XQjYiGMvPPpJIS9AawiopXJIdSF79uxZVVZWthsAbNvuRkQDAPTzXucDk0iStRzASi]
6hpmXV92QMBgNXrNx48ZjTzjhhIZ8yobRIFRWVorKysr7/
c5h1I+ZR2EY9TBhwoQj8vLy+jHzIHXXXLQASAKIOYuV8Xh8RaZ3uJk2bdo33//+91sPHjzY7yhGE/
D4449zhw4d015xxRVb/M5SByS17ItEQTGciAYCOBHA/wCOArAViWlVrzHz/
N27dy9/5JFHdhzqgFOnThOXDAYfvvzyy828Ks0ohbl1z5+LLL7/8pLCw8Pt+ZzHgxxQch1FDXivNAUKI
/WWubLZi5sUA3kTi6uYKpVRGXdmt jm3blw04nIguZ+YXBwwYMPLII4/
MHTZsmHL1fMOpk®@6ZNWLRokSUEOCBUCr3ud57aCIfDIwshBhBR1IWLR/
8V3IxdfaK2ziegUJC4u9AWwHd6aEAArd+7cuXLmzIkHXZxeWlp6jda69LzzzhNt27ZtoGd1GI3XnD1z
eNu2bV9bltXJ7yxG/
ZKkPFoZxEKFQqHUwGBwWAYACAHgCGAGgPYDKRrdBar9BalL8/0kYughg8fHuzatesYIvoxgDHM/
CSAJ4n0SaVUIQBMmzbtqOAg0C43N5e11sGDbVbmLeA74H5mRiAQgHaDs+oeVxPeztWH/
HshRJ2Pn8osqc5Tk/MREbTWNTpnTY5XW11ZWe7u3bvhum68srLyNz/96U//
nNNITpJiU8iQiGsDMyVHIAQC+Z0ZkcbEiHo8vP1x73f02LezHzBrAIGZeCWC1EGIVEalMTp+cNmlaqRD
16kAgIHJyckR1ZWXafgdX/Xc+3GuvLq/N2hz/
UA71fnKon9P6nLM2qjtPTc+fqtdbbz5vur43yecihKjTRpY1ySWEAID4nj17BDNvjEQix9Ut rZFpTMF
hNHv5+f15bdu2HeBd3Uxe2TyGiJYz83Kt9TKt9Uo/
FnTXV35+f16HDhOUZ+bLAVZzCzE8w810xW0yJ6h4zderUkDTfqOYGID1IhITkQVZzIy9//3MHATgELHOQT7
09R5b3ZQSF41F69W9I3HYOEROWNOZz7/hc9e+IKM7MwSqPpyr/
3eexRBRgZk2JTwaktc7as2fPSX15eVU3Tqx6DBwk695je98L73181eadqf9Ib7fY8Ptgkjex9ksyoqKo7
Jycn5/CDPP87MASI64Puz/zmO@1ntbIVfz71H1eVQSUdYh81iZtdV137eTJIk39xkL/
zVSgUOjEQCAzAd80aBiDRunY5gJVabxW7dulaPmvWrG9ScT7Lso7yRkmSoyD9ALQFsBKI1tarevToMT
onJ6CTEbUS1LEO8f2u+jXuwf4dq/
xcC9d1BT031Vrnaq3zA0Rqrf0IaI8QYjcR7RRC7CGi3YFAYBCcRxQ93Dma0J3/
Wkv9f9b7946Cal3Z1j6nuPSP5PTnEuar9nuy fI3kM13XzXNdt1Z2dvbm651ab3Pu9xpNfV/
V11fy3qS7nAU08DNna+Kj8fVZ8X799169RgMPh1V1bW50M97+ru09jPWOWMruu6gUAgwMx7DvI+v3/
mgx3/
UM8h+ec9Qoit8Xj84cmTIz8Fo8kwBYfR3JCUchCAgQC+B+CHAE4AsIyZ13sdo5bXdRO9TCCLbMVM13s
jGSMAPKm1fjIWiz3jd7bGwrKsZczcyXXdH5SVIR12t/
aGIgW81lYi6RKPRiX5nyUSFhYVd4vH43mmPAE4jot34b1lrUuCm9B9/
aGzDVpOqgT2Wut+zNyPmfsCaETEI+CNmLquu5SKIV]jTO+46U81QAp+x30xWICwDvaK3fEEJsYeZ3i0idx
jJdtLaklJIcQUWEOGv2h311SweuKeBeA4cz8f47jP053]sMwBY fRpIXD4Z7BYHAgMwWIEOS jORORLVVGL
ecFgcFO0Gn3b75z1JaXsCOByr9AYyMxPeiMZL/
idrbGxbftxAJcycwlUzy5KSkkf9z1SVIPIaANcopc7104ufplTHe2upTieiM7yRyW+QuHiQbNgqwrKGLi
50qKipgqVVFRMUAIUbWbXWdmXiGEWO5XEQIKk9hXJzs4+VWt9nDcqdKp36w]jgHQDvIIuQeDz+Tmlp6fqG
zphKtm2PBhByHO0dSv70kk1dQ/gGILmy/
jkajLx3uMYaRLgbgMIqMcDj8fSHEYCFEN2Y+H8AgAO8DWMbMy5h5WSwWW+FzzJQpKCg40js7e4xXZPR
IrslwHOfffmdrrGzbvguAJKJ2zAxmVrFYLOJ3rv1Z1;jVcCFGilDrJ7ywNIRQKdQ4EAQOEEP211g08hg
27k0gGtxjAatd115eULDTGrlh7FRUVtaqs rEw2p0gHoD8RfQQgyltfslxrvTwWi33oRz4pZQut9amBQ
0BUZj6ViE515TMBAEOVIgTAulrrtdu3b3+3vLy8wo+stRGIRH7MzDI9RS03x00s62Lbdh4juBNDSdd1f
15SULPA7k9H8mILDaJRCoVD rQqCAwmIgGM/

NAIhoMYDeAJcw8Vwjx9p49e5Yme+c3FRMNT jwuKytrDDNfLoTYqrX+EIKkiolF1BMpEoVCogIj+GAgE]
gaQXBT5ViwW6+1vso0zLOSEICR71ZWVI0yfPv1Tv/
0kSjgc7iCESI5IDvDmfPepOuUxHo8vnz59+ubDHKpJI8PYKGYTE92KANSLTBolpYsu8BhbLSktLN/
0YkyKRyK1a61MBnCqEOAUAMHKMgE+ZeZ0Q4mOAbzPz2zk50eu8ndszgpQyn4jGRKPRK/
30kk6WZZ0jhLgTwHat9a9jsdgavzMZzYcpOIXGIRKINM7MZxHRIGYeDOB7zLwEWBIKRjCWeBt7NTmhU
0jEYDCYHMk4mpmfQKLIWOh3tqYiHA6fDWBGIBA4ser9WuuPKysrz3v44Yc/
8Cnald12221i48aNHzLzVY3x56GgoCA3GAWOFEIMQOMIX90AA7QAsQ+J1vbyysnIpWVnZf3ONmmEMTIh
WRE50zgAAA7OpTwMBEBE9 r7X+hIiWA1iSCdPJpJQnMXMPI joNQPLWABDNANYROTqtITtEtK6iouJtPy
4S2bY9FsBox3F+0tDn9oN1WRd7hcc7FRUVvyorK/
vI70xGO2cKDiPjWJZ11BDiTACDAZwI4EwiKgewnZmTvOgzZiFvOni7GV8KYCyAN1TWKjGU+R2uSQgHQu
8FgsPv+9zPzN5WV1RPLysoyuluKbduPEtFzSgmMwWm+yvOgkcrriWepAQYgB34aArM7/
mXfleX11ZuawxdoPLBFLKY+LxeJ9gMHhm1QszXwBYyszLiGipUmopvuuy5qtQKHRiV1ZWD2bu4U3P60
FEMbIRwJtEtAHA21rrte+9997auXPnxg99xLrz9iQa6Dj0zek6RyaKRCIXaq2vIalPAoHAr6Z0nbrv7
0xGO2UKDsN3tmOPJIKKqBUYeES3SWi8RQixi5kXIfSKaskgkOpWZrwAwBkCelv rvRPSM4zhv+p2t0bAs
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ay2AowBOJKK9Pe011n8tKSm5we98hx0JRGYy81qll1ll/
8zgIKFnVrrfsKIc5G4rU9CMC7AJYiMYKXRCN11p8ZmzrbtrsJIQZ5004HMfMgINa9LNFaLy0ixZnWkS
8UCpOohDhFCNEbiQKkp3f7gInXEtFarfU6IcTaVF14sm27gIiGKqVCqTheYyOll1AD+CCDWuXPnX9122
22132TDMA7DFBxGg5JSdtRan@1EZxLRkQAmeF1ZF rmuuyQYDC5KbpLVHITD4ZMDgcAVAPIBtGDmx4UQ
TOSj0dV+Z2uupJSbhd+/efUp2dvZCAJ201p+X1pb28jtXTUQikTtd143HY rHfNuR58/
Pzszt06HAGM5+BRHFxBoBKAM8x80fMvCQvL29pJs3bb64ikcgAb/
RjIDPnEdFIJBbelL2HmJIcFgcHEMXukOhULdA4FATyLqicSUrJ4AugJY693WMTNaZ15Xx20X1tm3bRDRAK
ZVxDSIakpTyRgB/1Fr/
LBaLPeR3HqgNpMQWHkVaRS0Q0Zj4LQPLWACACAIsAVNG65c+dlzelqircR2ZVELA+gFYDHiajcFBn+8wr
AvymlRvmdpa7C4fAlwWDwgmg0+oNOnc027W7MfEYgQEBj sSFRKOACXxm5sUAThDRYgXUpnSd30gdb9+ezK
E4mIjOALA5uUbO+7dcoW/

Kg8vPzw906NChp9abpxCiBzMni5HtSDQReQvAWOSORGj xVnWF1G3bhUTUTSmMV8S0ZDUFK+XMAN2ut fx
6LxWb4ncdoGkzBYaRMfn5+0oHXr1mcGg8Gh+K7A2EhEC7XWCwESzLTh+4ZSWF j 4Pa31WCTWZHyGRLeWc
JNdKrNEIpGJzDXEKRX200t9SCIHANhIKdW1lvse69tprc3bt2nWmEOIsJEYuzgTwNTMVIKL rusuLikp
WVXT8x1iZw7btbkgUH8nRqL5EtISZXwDwbmV15YIM7hJ2/fXX5/3vf/
87nYh6IZGIN4BeAHYAWENEa5h5reu6a®@pKStz6V/Y7KqVu8jV4BpkwYcIRubm59wA4HCANSqnX/
M5kNG6m4DDqrKCgoF10Ts45zDwEwBAAQ5j5USL6VGUIMBGPLYwWrK9vmdO6/
€009xwohxjLzCUTOMOu6jzWlvUCaGimlo7VeHIVFSvzOUl/epl/
vxePxk2uzENvbz2aId6X7TCSuGC8CsICZF+/
Zs2fRjBkzvk5TbCMDSSmzkBgB6UFEFzLz2QC2E9ECZ17EzAscx1nnc8zDsizrWAC9hRC9iagnM/
dG4uf7S2b+kohmEtFb03bsWD1z5kwzQodEowcA9zLzjng8fplp6mDULSk4jBrz90A4B4niYgiAYwHMA
zCfi0ZHo9FFvgbMAPNn5+Xkd0nQYy8xjkdg5+DEAjyml5vsczagB27bfrKysHFtWVtZkugBJKedorf9S
3a7z39ZgydfOECRaTe9EY17/
okydTmP4y5t+eDYSRenZAI5j5gUAFhHRgpycnIWNZMO02bYdJaI8JIDpk9QLQFok0am8KIVZrrdcQOzZv
NucmBbdujiOhGJJo9/NLVPEbjYwo001q2bXfTWg8IBAIjkPggIohontZ6vtZ6fklIyVq/
M2aKcDh8qRCigIguAPCY1lvgxWCz2it+5jJoLhUKtg8HgZOgptn5nSTUP5XMA/ r1169YH2rVrN2S/
AuM9Zp4PYL7 ruvN93kD0aKTGjRvXpkWLFsmGIGd7a/
eeAvAFEcOnovnTpk370u+cB30wkUOpZUdm7kNEpzNzbyLqg8RCITcBrGbmlcy80h6Pv9mcRvIt2/4FE
d2mtS4y6zuM2jAFh7GXTPIUAMOYeRgRDQfwDTO/hMRutvNLSko+9jdhZpFSjgBwNYCrmXkqgDm04/
zL51hGHVmWdS4Rp+p4ewAAIABIJREFUWU1p8y9vxGOYgKHM/GMk rtq+AWA+gPm7d++e/

89j j+zwN6XRVBUUFPTJzs4eju+K223wRsUBzFdKZcSGm1LKI4joOWgOerj9digcDvcRQpx0ORKcjsbh6h
DxK/K/
e0hriuu6opTz2SUrYAUEXE3ePxeJFZw2XUhCk4mjGvg9QwAMnbVmZ+HcDr1ZWVc83uvgeybbuHEGICM
4/3Ngaaycwzm8M+IU2d1PLXAFoopW7x00tdhUKh1oFAYBgRD fUUHPQE8DgAN1zXnRMIBP0z8xm041z ]
dlaj+fG6m50TCASGeGv/
WsArQJh5v19NNCzLcoQQD9d16quU8vj9RkM6Ae]jLzCsBrBRCrAKwMhqNvp3S4D6TUg4GUMzMLZz1i08xu
/8x1ZzRQczYg35/

Y8Zu5GRFcD2EXEr2utX2fm120x2Bd+Z8xEUsq0AMY jMZgqRDWCWEOKRadOmfe5vMi0OVanGVM2NUKTDOR
eKiwckAXvdGMV4/2M701mWdI4R4sqKiore5qGD4SUp5DDOfAYA5zW8zgN3M/
DoRzW209UNSyg2u615cUlLyfqq06b02+xFRPwBOATQDcBKA1QBWMVMgACubQqdCy7KuFkIUE9G4aDT6
rN95jMxkCo4mrKCg40isrkKzzvA8;j5wGoYOZXATwT j8eXZHIbwOxgWdaPhRA2gP7M/
IjWeqYZOm66pJQfugq47PI0OnDnob7J3LzCMAjADQNZmfIaKVruu+Xt0fT6+IXq01lvsasNTIyRVFRUSvX
dud41+/
DkdjYby6Aua7rzk3X+6+UcvfWrVvblJeXV6Tj+EnXXnttTkVFRTOM7sfMfb1i5HRUKUKO1iu/
+eabFeX15W46s6RaUVFRq3g8PgvAzs6d049rbvtrGYdnCo4mZPz48S1zc3PPI6LzkCgwOgB41YjmMPO
rSqlPfI6Y8aSu/
QCEAIQBPMDMrzq087LPsYwOKygoalednblAKdXD7yz789YKjwWDmc410AIASAF4joteifejyeh77ZWZ+
znGcB1IS1jBSKBQKtc7KyhqutR7urSs8iZnnEtHrqSpACgsLj9RarlFKHV3/
XHVCImX1I6J+RJQcCakEOIqI1TjHzctd11zWWil2RSORKZp7FzBMdx3nE7zxG5jAFRyMXDofPDgaDI5n
5VAAXeSMY rwohXm1q80XTRUrZgpnDRBQC4DJzaW5ubkkjaelopIBIWcOFEL9VSp3rd5ZIJHI6M49k5g
uIaAQRvaGlfg2JpgQLU30+KeUfAByn1JqQ6mMbRip5nbCGAXhGRM0JalvWegsRzSGifOejOfdge8xw0
Nw3GAz+PBgNXp36xHXnvQ8MBDAAWEAAVQESY+blzLwcwLIYLPaOryEPwbbth4mINmzYEJo7d27c7zyG
/
0zBOciEw+HvBWKBCwWGMBHAhE136Zsfj8RALSOvVrdbWzubEs6wIhRAjADWGUEFFpNBpd7Xcuo+FJKa8D
cLxS60aGPndhYeGRrute6LVUHglgE4DZzPyK4zj /

bogMkUj kama+uaKiYkBZWdnuhjinYdSXV4BcIIQ415nPB5AD4FUAr2qtX63JukThtguIlaKhSKpT2wPW
Qn58faNu27UAhxAB8V4QcD2AZEoXICmZeFovFPvQlaBW2bZ9PRC8AuEwp9bzfeQx/
mYIjw31lvMhcGAoGRzHwWhgFWALXPR7J07d75sWlrWzrhx445t2bJ1GI1pU+96RcY//
M51+EtKGTW65DTIFABVROULJAQMY5]j5ZSHEK0Q026+9Cryudctd172gpKRkgR8ZDKM+pJTHI6CcUM/
N5SCxC/zczz8nNzX31YKPWUsq7AHy11PpzQ+etr/
Hjx7fMyckZKIQYiMRGswMBtGHmFwB8wMyLtNaLSOtL/
+dnzkgk8iyAD6LR6HV+5jD8ZQq0DBSIRLoYy8ygk5nKOBTAYEqMYL5eWlq73N13jZNv2hURUBEADeLOy
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srJo+vTpn/qdy8gMUsqlRFRU3zUR1QmFQpODgcATRHQxgIuZ+VEiepuIZmfaglqUch6AcgXu/
X5nMYz6CITfDPQOBWPKAZzKWiycJKIH6fvpTsgBWIRIST15mIN5Qr8hAkTjsj0zu4nhEjuAn8GgE+ZeTER
LXZdd7Efm/

ZKKacAm0S67g8yuTGHkT6m4MgQ3qZj IxDRKABg5ueY+d1YLDbX52iN1pQyC8BPARQBeJ+Iik3LPuNgp
JTfBIPBzsXFxd+m6pi2bZ+VLDAAHANgea31COKIFzJ935ZIJPI3ABOzbV67YdSH1XL6QgA/
AHAcgBeZ+TRmtmKx2Bqf46VNIBISTWt9hhDiDGY+A8AJABYDWARgye7duxfPmDHj63TnCIVC3YPB4EV
MfKfjOE66z2dkF1Nw+GTChATH50bmjgJwCYBRABYCel6InqvLlwj fj095iuyIABcz8IBEVZ8q0tkbmsS
zrWCHEQgXU8fU5]j rer90UAfszMFzPz20TOgrcpVgPrtS+1/
AmAOwCcrZTa5Hcew®@iliRMNdgoEALcJIf4IYDeA9wC8qLV+0RaLLTY5X1qNHz+
+ZYsWLc7QWp8phBjsFSFbmHkxgNellkvT0QoipYwS0S4zxap5MQVHA/
LmSJ9LROOY+WQies513efj8fhzmbJQk5 1PRuKNt7amEdGkV0OepDcuyrhJCFAFoxczF5ggKURNe84BfK
KUur0ljvalSlwohRnsbmCkAyyoqKl4oKyvblvgODauwsLCL1noBMO9xHOTfI5P3MvBVAu90ej4jM7xzD
F8w8FsDfa/u4HTt2TGjVqlWTh+8aiUS6aq3PANDDG5k9jojmM/MCAPPrugt7dQoLCy/
TWt+ql0gTyuMamcu8+aeZbdsDhRCXMfOPACSZuZSIFiillvid7WAaW8Fx7bXX5uzZs2cKgJsBv0S6br
FZ8GrUhpTSOlofH4vFfluTr7dtuwcRXcrMo4noewCeBvAvpdTs9Cb1j23b5QA+cRzn54Ap0IzGp64FR
ywW27Vs2bKFzPwsM/8rk7pApZ0Usi®@SO8CTDWAIMwBhovkA5]jPzgh07dsybNWvWN/
U5h2VZvYUQKwDOUkq9m4rcRuYyb/5p4G3UdSkSUys2EtE/
mfkpx3E2+J3tcBpLwVFQUHBOdANnb2TQAKmfm2YDCopk6durWhzm80HZFIS5G/M/
JODLZKORCIDtNbnEVEYwB5mThrAvxzHWdZwSfOlpbyemfts27at8PHHHI8IU3AYjUhdCw4AY23b31iyE
+CGAOQB2APgXgGcz9cIhukgph8ArQrwR3Y+ToyCV1ZXz6tKIJT8/
POC+ffu3mPk3VUdRjabHvPmnSCgUGhkMBg8EcBkRrdJaPx0IBJ6aNm3a535nq41kwfH00+993bp1GDN
MTEOT21iAFhzct7ZcARjLzXY7]j3IfucxpNm5Ty0allcSwWe6bHq/
bZt9yGifABXAtgCoMR13VdLSkre9yVoBrAsq78Q4o03i4mLeunVryyeffBK2bUMIUaPHm4LD8Euy4Hjt
tdeQlZWFIUOG1PShY41lob+t0Or/PVaCL6ITOTQET/
1sfjT5WULLYULUAZTErZC98VICOBIAQwh51fY+bXarIPSpI3ivgW4zi3pyuv4S/
z518P1lmWdGwgExjLzVQAeIalle/
bs+WdjnrudLDgefvhh3HTTTdi4cWNNPOykteATh8NnBwKBXwI4SWt9dywWm5GucxnNi5TyXWYe7Tj0B
tu2ewgh rmDmKwHsZ0Zy13X/UVpa+h+/c2aS3bt3V2zatCnrhBNOwKpVq9CnT82mYZuCw/
BLsuCwLAvbt29HeX15TR+6T8FRVWFh4ZFa69FIdL26CEA5Mz/
hOM5zqUnduEgpT2LmcwGMIKIRALS5mM5j LCil179uyZc7jPRrZt3wXgfbP+smkyb/
61JKUCjMTeGFcBWAvgsV27dv29qwWzAlyw4PvroIxzqw8SuXbvw6el//
Gvfffz8eeOABFBUVpaXgsCzrYiHErwCAi042bW2NVINSVmqtbxRChL27HmfmfzSGKZB+Sa7h6NatG37
60591ypQpB/

26BQsWIBQK4ZtvvsGmTZtMwWH4I11wHO5i2gef fopwOIXXXnkFb731Fnr27F1twVFVfn5+Xtu2bfOFE
GMAnNM/M5QCedBznX61/
NolDs1EOgOFI7IXyIYDXALy2devW0eX15bv2f4x1WdcJIQYrpa592LRGupk3/

Xrwh 1DHAriKil7UWj8WCAT+7teOwOlUdQ1HdR8mMFi9ejFAOhIObN2L79ul146KGHU5WWIZ1TiAQuFtr
/YHWeqpZCG6kmm3b4wEUEtEgADCcz80u0462zz01djkCwaqrtavHv3btx66624++670bZtW+T15ZmCw/
BVsuA41MwWOsrIy3HDDDdBaY/
v27bUq0KogKCjIzcrKygdwORHIAEC51vqIWCz2T0geUeMTDof7CiFGCCFGeIXIag31bGZ+perv+Egkc
iUzX2gKjgbFvP1X061i0qFU8Hg8x83Ai0hnAY1rrvzf1DhVVC46DfZjYtWsXjjrgKAwcOBAPPPAAevTo
kdKCw7btbgDuJqL2AH7Z3Bb1Gell12/YwIroGwDXMPJ0ZVwgh8pVS5/idrTFIFhzVXS3+wx/
+gDvvvBP33HMPPvzwQ8yYMcMUHIavqi4aP9jFtDfeeAPDhg3DLCITMGTIEFXxxXRV1Ljiqys/
Pz27Xr10+EYOBOAXAUQq31zFgsNg+eT6nRsyzrDCIa4bXhPR3AS1rr173NAYeYoqNpCfodINNEIpETAJ
gYj8cvIqJS13V/m84NcDLZ0eecg5tuugla670fIvLy8vDCCy/
grLPOws6d01N2Lq8F390AhjHzL5VSzXYY2kgt r6PZVQCmMPNHzPyw4zhhAGzb91lhmrnVnFSNh2LBh+0
KLL7BmzZp9rhZbloUrrrgCXbt2xU033eRjQsM40NChQzFv3rx9Co6hQ4di7ty5GDZsGI5//
vmUnau8vLwCwCwAs7zi4xohxB1SyuO0I6JF4PP5Ic21E4W2wuBjAH4uKilpVVFT8QAhxodb6NgBbAXwk
pZyjlDrX16BGSpiCAOA0FDoXEAhMIKIQM68GMFOpdaXfufxW3YeIWnT3gBEp5e0ArmXmXzqOEOnpwY1
my7bt871RtzMB/M113eE1JSUTV/
0aljo0gCk46ghLly702rUr3njjjX3eI4466igcddRRPiYzj00d7GIakPid105e8eEACLXNNccHAOEXp
JSbAczctWvXjKayHrS2ioulvwXwhHdDOBzuKYT4ARFNKFK6AJ4H8LLW+oWmPt0kgWrWBUc4HM4XQhR5
HzgmAxigINrkd65Mk fwwsXTpOhp3oakNKeUlAKYy852047RP+QmMZic/
Pz+7ffv2RQAmMMfPHzDzVcZzLq/t6Zj60iMzi8HoYOnQolilrNtuRGE1A8mLahg@bcMopp/
1SYdq0aR8B+D2A30cikTMBXJ2X1/df27anM/0zsVjsFV+CZQhvZs1aAH8Ih8P53j ral4hohJSyK4B/
MvPTju086W9So6aaXcExbty4NilatJhCRFOY+UkAtymlXvc7V6YaPHgwli5dCillyo4ppTwewAwASys
gKjquU1ZXtTtnBjWZIStmLiK515gkAiololFKqJlhtYktbatLythOGDBUEVT/
mL3zEM08ab6dOmCY489FKuWLPGt4KgqGoOuArAIwGSvM+MvpJTFzDylsrKyulLn/
jiwpKSmXUp4J4BPHca6VUvZi5suIgNSbjv1PAE8rpeb7HNU4hGZTcHibeEOB8GMA9WMAzXGcr3y0lfE
GDhyIBXx98MGXHsyxrCoAbiGhCNBp9I2UHNpglSCQylJlviqgL/
MfMrSqlaVcZE1E8I8Wi68jUHgwYNwnvvvYePPvoIXbpO8TuOYdTIGWecgXnz5uGaa67x080+vA1IX5B
SnkREK7Kzs7dIKR/
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zRmub7VCiluqGSCTyhpRyuVdYvAXgdsuyTiCiy4QQd@opTwHwWTYyL6ZzQabXYbMWa6J19w2LZ9uVdotG
bm+x3HCfmdqTEZOnQofvazn9X7w8S4cePatGzZ8kWt9dNKgbofyDAA2LYI9mohuYuZKIvpTPX65HFVZW
Vnj3XCNA/Xu3RtHHXUUXn/
99c0+ROgpIymlpjZMMs003jnnnIPSi2mpppT6AMAVAPzCtuOCAA9KKYmZpzmOU+pvOn9E09GhUsod+f
n5HZN7eHj rOed4FcK+UsiMzXwZgipTyKQCPAHhRKTWOj 7ENT5Mt0CKRyERmHS /
MX2utbzEt60gmNh8mgmNZ1lo+FEKVEdFESFLuU20RGc2Lb9nivOHifiH7hTUWoD1Nw1IMQAueccO6Nrh
YTUc9IJPLqr127rpgxY8bXDRTRMDB79uxLRo4cuffPqbqY1lhAcxykDUBaJRAYwc6GU8kZmnuE4zh/
9ztbQiGhg+/btlwHouf/fKaW+grcoveCgIDcYDI4KBAITpJSzmPnvQoi/
R6PRVxs8tAGgCRYctm2Hi0i3zPxqZWXINdONnTzcdaOghNh8mDkZKeTcz5yql2qUhntFM2LZ9BYACAJu
J6AgL1INv1PaalUsgUAaq5dYVKppleLo9HoZCn1iNzc3Hdt277BcZxHGiCeYWDTpk37tFZNxcWOhhaNRp
cDsMaPH98yLy/
v11JKDeAuAH9SSm330V6DiEajbluWdbeUskwpVVDd13nrXp4A8ER+fn5eu3bt rmLmmeWUjwIo0@1rPis
ViaxoqtwGIw39J4yCltKSUnwA4C8BQpVTYFBupcc455+CNN2qg/
3CISibzEzF86jjP18F9tGAeybXuYIHIpEf2YmaXjONdEo9F6FxsAoLU+CoAZ3UiBoUOH713HcThKgde
UUpOANCylnFdYWNg13fmM55227d936tRpn1k0VS+mNTaPPPLIDgXU/ymUlBDNVA/
BRIBJ5a0LEicf5na@hxGKxGUTOVMVZE2vy9eX15bscxylVS11QWVnZk5k/EOLMKFKutG372/
n5+W3TndloAjuNSyl/
gsTO1C+4rnt7LBb7z09MjVnVncaT3nzzTfTt2xcffvjhoadE7bPTuG3bzxLRAOqp2elLazRVImWdGgg
E7tZatxJC30hd2Usp27YHEtHVLFIXp/rYTV1yp/

Hkn7XW6Ny5M+66665Dj 0 Tuv9N40Bw+0XAIPMLMpY7j3JG+xEZzFQ6HVX8IB0ZGo9F fwdtpPOn+++/
Hgw8+1A0bDtkZul47jTcUKeUKADcz8xPM/
Nfm8F1IShnv3L1z9m233abr8nivmdA1RDSamVcws3Ic59+pzmkkNNopVVLKIQAeOFo/
r7UeVFpautHvTE1V7969MX78e0zYcfiZJ1LKLADbKyoqTiwrK/tv+tMZTY11lWXcIIS7zNoIM3Za/
B+gAJINDRIRMIIVBUVIS2bWt30bCkpGQBgBO11LdLKd8hovHpKC6N51isQCCittQRwxP5/d/
7552P16tXYvXs3cnNzfUiX014zhgmhUOjyYDCAUEr55IYNG26c03du309saTT5888/
fwjApMN+5UF4e318CeB6y7LGENEVpZRTmTm6e/fuqWabbWolul+2hYWFR2qt7yeizgCujUajq/
301JQcbISjhqZFIpEpAOZWVFSc19z7hhulF4TErmTmGex8jeM4j6X7 fLZtjwlw2nGen6T7XE3N/
iMcNbX/
CEdVoVCoezAYfISIFkajOevqFdAwAFiWNUYIcYVS6gpmHovOR]jhqqFGMc0zPtu2 fEdGTATfXWKfUnv/
Oki5RyFREVP0qzoJTyJAARZu4N4DMiuk8p9VYqjt3cNaoRDinl7VprycxTLFKP+53HOMCu+gxvGs1TO
BzuEAQEZjDz/wCOchynsoF03YGItjTQuYzDKCOtXQ9gkIJRyim3brzLz/bFY7Bm/
cxmN1xDiDxUVFaf7ncMPjuPcB+C+SCRyp5TyKyK6MRgNTvc7V60x82RmfgjAKFQcz2tH/
EsgOYQIwMxIJPIVgD+bvT3qplGMcFiWdQER3QjgDTPPN73q0sKxfPnyjX/
96197PvroolvTEMtoomzbLiKi27XWE7wNrxgMlPL/
mDnXcZzfNOR5m4J03jHBUVVBQOC4703s6M5PWOTRSUMIKQ6NWPISZztNbPXWKxvwNACxvhaMa7qPNnAO2
Y+be046zz01MqSSkfYeaXHMeZlabjjwCQD2AEEh3BHk7HeZq6jC84bNueSkQn7tixI3/
WrFnf+J2ngatrwfHFF1/86+1jj/5RG1iIZTZSU8MUiWhGNRn/tx/kjkcifmfm/Sql7/Dh/
Y5bugiPJ2+Cx1Jn/5Dj0X2p7PgN5sm37CilL6sVIqbPK+51xwINm23Y0IHi0iZ/
16302HUCjUOhgMvg+U0irN5+melZV1MzNfqLX+TSwWKOnn+ZqajCO4IpHIUGZ+AsBv1FJRv/
MOF8zcBUCN50LG4/EcABwWMBh/ORQEM45Bs2z6L1iF7TWo+KxWKv+JVDSvKHZn6 rIdalLNDXM/
BGA9rVIHBHVqf2klPJuABcDCCulltTLGEbz4DUu+VYplVP1fma+FEBdrkxfTUTPpiRchpBS3gxgktek
0fY97z0Qbdv3ENFnSqm/
pvtcBQUFR2d1ZUki+hmAW5VSmbt1fQbJyHO4IpHI35j5dgCnmWKjYRHRROTUt1iY3KeXo0qKiRV1ZWXm
m2DBqQkr5awB3A2j1Z7HhOVEIwWT5nalSIgEtN3yeq3up6PgXUL4noCil6m5Tyr8jgi2WG76ZprS/a/
04ierouP7NNrdgAAKXUnyorK4cw8+1SyibxGYuIigEUNcS5ysrK/
us4zu2BQOBkZud4mpfzSsqwIDXHuxiyj3rTz8/Pz2rdvvwhAgVLqfr/zGIcmpfz3t99+m2/
WbRg14f1i26yUusXvLAAgpfyX13f90b+zGDVn23YBEZUw82THcab5ncfIHN4FjRaz8h7TGNi2bRPR74
howWDQarUuHyowhpXyRmf/mOM7LDXzejgCuA5DPzD83v1MOLmMNGOCKRYND27dt/
pbW+yhQbmU9KeSuAeabYMGpCSvm067qzMuyDQCtm/
tbvEEbt0I5STppQKEFFVvKeUK27YH+p3J8F84HD4bwEUZ9h6T8RzHCcS0gKvox83NSSsvvPPVBRMVELCC ]
HFUppb5SSt1CRKOISNg2/XAoF0redDkyXUaMcNi2fQMRjVZKDfc7i3F448ePb5mX1/
eUUupCv7MYmW3cuHFtWrZs+Vk8Hh/
0tT3NGLZtLwHwU8dx1lvmdxaibcDjcVwgxjYjWd07cOwWJacjdf9d112gAikYhi51ylVKOdHiS1/
AjAUKXUJz5mGALAATC8UuoXTuXINL6PcEgp/OpEnU2x0Xjk5eXdxMzz/
M5hZLaCgoKjW7Zs+UkwGOycacUGABBRSYGE2Um2ESspKVn10OM5grfXijRs3rpRS/
tTvTEbDs237KWYeaoqN+01Go5KIZtu2vUZK2cLvPHVUzZMwWNPspR1VIqvlLqVGbeKKVcJ6W81M88mcLX
giMSibyktZ5rKsBG56zKykrTotKoltfFY5ZSqllxcXGmT lsyU6gaiFgsVgKU6uMt4FxnWdZwvzMZDUN
KeR+AlxzHWeh31qYgGo30Z0aLAXzp7brdqGzduvUBIrrY7xwA4DjOvQAGEtEE27YTITtPsyWlnCelHO
13DgN2LMv6kZTyn37nMDKXTPIYKeXnfuc4HNu235kwYcIRfucwlUsuyrFOL1HMikcg/
Jk6c2MnvPEb6RCKRiVIKsxdCmkgp3/0mBzUqtm0O/b9v2AZ3K/GTh91jbtpdLKS/
x04tffBnhkFKudF33ZgXUbD/

0b9SdE0JICZm4SmyAZgXfttdfmAPiPUup7 fmc5HCL6XqtWrfb4ncNIrVgs905S61xmfiIrkK2utl+DCaG
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IKCgp6aal/
pJQK+521qVIKdSWi06WU+X5ngaWXiOgHfoeoynGexxzHGUBEhbZtN8vGSAlecEgpS13XLSwpKVnQO0C
260+Ieu7Zs8fv/ROMDLVNnz56VATSWUY08zZs37/17hJEeSqny5M7DUsqltm2PPdxjjMYhPz8/
Lzs7e7Hj0GZufIpFo9GhAKzG1HVJa/0igIwad4UiKRgM/
JKINUsonpJR13puoMWrQgkNK+brruv8sKS1Z2pDnNVKjsLCwCzMf02PGjK/
9zmJkHinlQmYerJTa6XeWwxk+fHgQAJeX17t+ZzHSSyn10wDDAYy2bXu+ZVn9fY5k1FP79u3fB3Cy3z
maC6XUhcFg8M+NZfFzSUnJ+wAQDocz8mdEKfWg6703A/jIsqxz/
C7TUBQS4IhEItMB1JaUlDS5XTubC9d1TwXwkt85jMwTiUQeAvCI4zjr/
M5SEyeeeGIeAD060Uwopb5yHOcnAH4phJgWilSmhOKh1n7nMmpPSvm61ngsUmqT31maE6XUaAC/
tCzrDL+z1NCLQoiMHOUAEKWRUQqQOEGKibdu+dtVgKA1ScNi2/Vtm/
1gp9XBDNM9ID63195jZjG4Y+7Btexwzt1IFKTTfU7S00Xxcy6A3X7nMBqW4zgL1VIDmXTuIBBYb9u22SSu
EZFS1jKzisVipi27D5RSZwkhHi0sL0zid5bDYeaXAGTUO0o6DUUGNI6LTpIR3+5013dJecFiWNQZAC6X
Ubek+15FegUDgWACV fucwMkdBQUEXAAVKqTF+Z6mNrkKwsM8LRjCmlHNnYcpzMRZUspv5RS/
sTvTMahSSn/
yMzrHcezZ5XeW5kwpdalrus5FF12U43eWQ3Ec50UiytgRjqquUUj9151+11KV+ZOmntBYcBQUF7YQQynG
cm9N5HgPB5BDRFr9DGJkj0zv7UWb+jd85ast13WwA//
E7h+EvpdRvAZxGRBdLKRc3oukizUokEilkZnIc5y6/sxiAEOK3xx133By/c9TAgnA4fLbfIWrCczZy/
MPMbtm032Z1AaS04sr0zn3Vd94 fpPIfRcJi5wmyUZiRIKSOiWhuLxRb7naW2gsFgNoAQj2AuAAAgAEL
EQVQj/c5h+E8p9VUOGr3addOpQoh7pZTRgoKCo/30ZSREIPErmXmYuXCZ0aLR6CIAL912/Xu/
sxzGaiHE6X6HqCnHccqI6EMp5RS/
s6RD2go0KeXNRDTPtL9tUkxHHY0JAESj0aj000gdZcFMDzSqKCkpWaqUOouIXs70z15p2/af/
M7U3EUikf0Y2VIKXeV3FmNfSqk/
ENGZmdx1iZ1XE1GjKTgAQC11Gz0z1PI+v70kWloKDtu2uwEYGI1Gf5204xu+6UhErfw0YfjPtud/
MHN; /

hBgCg7joKLR6FNKqc5EtEVKuduy rAl+Z2q0pJS9tNaTlVIX+JI3FOLgNGzb8QAjx079zVEdrvRpAoyo4
AMBxnAeY+b9NbaQjLQWHEOIeAE168UtzEQ6H/2tZFluWxQCuZeYHkn+2L0sjv/
MZDc+yrG0J6GrHcR7300s9mILDOCS11N1bt25tA+AEKeV6KeUlfmdgqgmzbfioUCul9PYZCoc4AXnQc5
8c+xjI0Y+7cuXEATOop7/
U7y8G0aNGiURYcAOA4zh+Z+ULbthvFwveaSHNBYVnWucycp5R6PtXHNhoeEbOCAEITIEBGICEIIIDGY9a
0av4QxfCCFUAXCH3znqw3XdIIC43zmMzFZeX14R1i8V+R0SjiKhQSv1KOBzuuf/
XWZalKxw03+1HxsZu5MiRLQHOCgaDQSk15+fnZweDwf80opY7105txeEqpvwG4IBKIdPU7y/
4ee0CBPQA+aky7pFflLOM41RHSrlLKj311SIeUFhxDiHiL6eaqPa/hDa30fEX20//1E9IHrug/
4EMnwUWFh4ZEAL1VKKb+21IMZ4TBgLBgNvheNRNn9IRH8KBAKP2rYdGzduXBsAsG37YyFErhBivGVz5/
idtbE57rjjzgHQLvnndu3a7WHmD32MZNSS1vgnzPyg3zmgqsToQCDTKUQ4AYOZCALP9zpEKKSO4wuHwp
QAWRaPR1ak8ruGfOtLS5QCWV72PmVOAj02fPn2zP6kMv2itIOTOf37nqC8hBAPY4Hc003GJRqOVKqV6
Alj4/+zdeXwTdfoH8M8zSS90KSIKKHhwiBe4I0JSQFAQ8JZ60JTSZr4BRMRABFAYYdXVRQUE+QGZSaG
CwGp1XZEFb5RTEURXUUTFgONQ5KhIz8zz+402S6EtTTPpJOF5v168dk0y3/
kOhUme+V5169b9sWRT23NKnm4B4FkH40Wr3kRUdge3pCe9ncfj2epkKFF9fr//
bWbeo+v6NU5n0R4zrySis530UVOmaX7KzIuUUtH/uWtnYy6X6wHLshbb2aZzwXkFBwdPM/NMxD327b9+
+GY4FEk560KCg4BWNnQ9igTjR/
CAlnmaY51zCMO5h5bMkQO9Ivyhfquh6R49kjlcvlbomlZVkVPtfV4PDtq04+0sQUAX]jod4nglS/
1f4nSO0UJim+QyAQR6P50Kns4TCtoJD1/UOAOr7/f5VdrUpIsP8+fPXA/gIAJjZsizrn6++
+uqvDscStUwpdTMRvVZ+dnX3Q6SyhYmaXZVmyzLMIVd1j/
40IkizLGpiWlnalU4GiSUZGxmXMnFxatFmWhUAgYDHzTiJ6ze/

3y02BKGGa5j tE1DgzM70j01m0OsxNHex+jmmVZmZgmRfXNDNsKDiK6j4hkTH+MCgQCfy/p5fju559/
1t/
zKY1Z0y3LynY6h01cRCQFh6gxXdf31H5RPpbL5To7ISEhR5tbQD50uAJ0zM5h5P44033344MGDfzRN82
aHs4kgWZb1jMv1GuNOjmMRUUWUHH6//ONmPgzr+m10Z6kpt03tEID+Pp8v06b2bDNjxoyEpKQkw+Vyx
TmdJdodOHCANE2zunbtOuOWW25x0k5Usyxrj8fj+ZPT0apr80DBdYmolWEYS5z0YgdmloIjApimOdvl
cjVOOkdN/Prrr3wWI6DAzawCImYmICIDGz02nTp36/
WmnnbbW6ZyR7MCBAzODgUCh2+3ekZSU9E1CQsI+HF3GILJ+/WImNVDbMbNVXFw82ev1fu501mP5/
f7FSqLHLVINDcM45HQeIHYKDgAoLCx8KCEhIQAAVA5 rtqXg8Hg8twGIyKFUdevW]jQ8EAndfdtllLgez
xIgzAUTc8nfRpLCWEFU2bDKAIGOK] jplovR15m+czmEX18v1IKIn8QDhryEUXXZTkdtt17yuitCz5107
u3ji/

ohq2bt2a99tvvyOCEFEFR4n3mP12AKbTQQDAMIw]jSqn8zMzM5Kys rP105wnF888//61S6iuv13uHz+d
70ek8wbL1Kq9p2i2WZb1gR1thYpl77rlScIiIcOTIEWzZssXpGEFh5r7M/
KbTOewiPRyRolWrVoilLkw5oIarr+++/L/
ztt9+cjlEhInoJwWEOIKIKjxE4iagEgqgsOACCiKcw8AODUFRx2zeG47dChQ1HZxS0EqIbrioul33A6h
F1k0rgQQtjP5/09C6BDWlpaY6ezHCNmh1X5fL4NAOI8Hs8fnM4SrJALDo/
HOxPAG6pycnMLQ4wghIo3H4zkXwK/
z5s52L.mSUg+aioX21LCCEi00tISUKRMwmHmbe7XK5kp3PYKFVTtHSnQwQr5IJDO7Q/
MvM608IIISLSHWDEZPWNACCieCKqge/
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JXCiGECNJaAN2dD1FKOzSLmWOm4CgsLFwI4FancwTLjiFVXaXgECJ2uVyuywF84nQ005WsKMRO5xBCi
FjDzCuZOWIKDmb0ZeYGTuewS3Z29kFm3gbreg+nswQj5IKDmTv15eWttiOMECLYMPMfLMva6HQOO0XGR
BgDC7Y2FEELUNGma25g5fvDgwWc4naXEbORU3+kQdiKiJUTUx+kcwQip4Bg2bFgrIjqycOHCXLsCCSE
iTnu32/2F0yHsVLIfgvRwCCFEGBDRFwkJCZ2cz1Eipno4ACAQCLWP4DgncwQjpILDsqw2RLTNrjBCiM
iSmpoaD6DInD1zdjmdxU41m7VID4cQQoTHViJq53QIALAsSK5eIYqrgyMrK2gSgcWpgaj2ns1RXSAUHM
7d15q/sCi0EiCz169c/
F8B3TuewGx01PRxCCBEGZzPwWVEbV10gcAENFVAGIqSFWIr50Tk7s4HaK6Qio4iKg1lM39pVxghRGRxuVy
tAMTUcCOAICK2LKVI6RxCCBGLAOHA1wDOdj oHADDZIQAJTuewGzN/
aFnWxU7ngK5QezguALDbpixCiAjDzDGx0+vxmNkN+zY+FUIIcQxm/
gHARU7nAAAiymfmO5z0YTdNO7YTOaV056iuUD9wzwLwkx1BhBCRh4h0B7DP6RXCCCGix3ffffcTjn5H
JARFRBTNdIgw2IrIeY9PKtQhVWcWFxfvsSUMECKYEFFjZv7V6Rx2k304hBAifN5///11iAAeVUqc7nQV
AEYCYKziI6EcA1zido7pCHVIVWsSUKIWITPQB7nQ4hhBAiujDzFKTGHTiYLDhKVo+MmgHB7p09gJ1Pdh
ewoomXXLKx1hAiwjHzJAATq3jJcMMw5 1 fw+BVEQHF4UoWOmesA+L2ql/h8v1EVPLYRiCI1/
XghhIhYzNwYVQ+73ezz+Sp6/EQisnUfCWZ+HcD11T3v8/kg+z7bhIgidugwM58H4NvKng/
15zKIyBueVMGToKAIIYQQQggRN1IJwCCGEEEIIIcKmWgXHvn374PP5YFmyMa+ovoKCAsyfPx9btmyxpb
09e/bANE38/PPPtrQnyluxYgVWrl7tdAzbffnll3j55ZedjiGi2LIly/
D00+84HSMs7L50i1NTpFxnLcvCCy+8g0+//
97pKLaL1Pe4pqgpVcBw+fBjDhg3D5s2bw53n1JSbm4tFixZh165dIbXz1Vdf4d5778X0nTvLHNV]jjTcw
evToUCPWyMcff4zRo0dj4sSqpgdU34IFCzBu3DgsWLDAlVZEeQsXLsTO6d0djmG79evXY+TIKXLDRNS
IZV1ISOvD7bff7nSUsLD70h3rnPxMjWSRcp3VNA2PPvoolixZ4mi0cIilU97imglVwtGrVCqlbt8bK1lS
srfYlpmmjUgBHuuusu28LFim3btuG+++5D+/btcfHFF+PWW2/
FRx99VPb8F1989ZEjR2LHjhOhnefbb7/F4sWLceTIkbLHVq9efdI7c4cOHcLT/
vY390jRA+eddx7690mDhQsXhpQFADp370zHHNsMY8eODfrY3NzcE96PQYMG4S9/+QsGDRoUcCj ZxopSU
FKxatarSio9mOHTvQp0O8fEBH+
+9//1nK6muvRowf27t1b6Q2TvLW8PPDAA3C5XJglalYtpxN02717N8aPH48rrrgCLVu2RI8+fbBodaK
y5zVNw+zZs2GaZrnjdu3ahV9/
DX3F6CNHjgB58+YVfondtWsXkpOTw3qTJZTrdEOFAgHMmzcPffv2xTnnnINu3bphzJgx5T677GLX761
UdT5TTOWRAI3t3r07VglaVenza9asQdu2bXHWWZGwgFb1RdJI7XBPVnsNR2S9w9+7d6N+/
P5RSCAQCtoalLBVu2bEGTPn3wzTff40GHH8aECRPQtGLlTZGZm4v ffqlxAplbk5eWhf//
+e02113DLLbfgueeeQ9euXTFhwgRs2rQppLYTEhJw7733400rrgj62B49euC5554r91jz5s3x4IMPRt
1FI1pUdTHLZzs7GZZddhvXr1zuQLDRV3TD58MMP8Yc//AHz552L2rtGouY+++wzXH311Xj//
feRlpaGWbNm4corr8TDDz9crqhO0TU3FbbfdVvbf27dvxyWXXFL1TbjqqlOnDnr27Fnh19gVK1YAAHr3
7h3yeSoTynW6JIpgZd999Nx566CFce+21yMrKwk033YSXXnop5M+c49n5exJVi6TrbGU3z/
Lz8zFu3Dh069YNe/dG32rvkfQel0S1C47KfoFDhw7F119+1Q8+
+AAXX3yx7QGj3alFilBUVIRXX30V99xzD+68807Mnj0ObadasQd26dZ20h3fffRdffvklpk+fjtGjR2P
AgAH429/+hk8//
RQdA03Z0017Y7Ny5EXMmTIjYf5h0q0xitnL1SgwdOhSDBw8+4S5vtKjohkleXh7690mDs846C2vXrnUo
mXAKM+PPf/
4z6tatiyVLImDKkyJEYMGAAHN30UXz22Wel+n12zTXXYPfu3di2bVu5xlevXo3LL78czZolq7Us4fbyy
y/jrbfewpQpUzBmzBhce+21ePDBB7F582b88Y9/
dDgeCEGkXGcru3k2ZcoUzJw5E7Nnz4bXGzGrxQYlUt7 jmgh2wVHZL/AT//
gHPv30U3Tv3t32cLGAmeFyuVBYWFju8YYNG57w2t9//
x2DBg1Cy5Yt0a9fP6xbt67c87/889tGjRqFiy66CIdccgnGjh2L4uLikPKVfuE+vp3j8+Xm5uKhhx7C
VVddhdatW+Puu+/G559/
DuB0ZZ2cnIxvvvkGIOeORISWLTD1118CAJ02bYpp06aVtTNt2jTO6tULS2bNQq9evXD00edgwIAB2L5
90wAgJycHycnJ+0GHH+D3+5GecnIwnnnii3Hk+/

PDDsvZSU1Mx fvx4PPXUU+jUgRNat26Nhx9+GAUFBWWvKSgowNNPP42U1BQkJycjO0TkZoOaNwtatW3H4
80GQ3r9YU9HFrHv37nj//fcxffpO@1lK1Tx6Fkoanohk LSUhKWLVuGt99+G+ecc46D6YQTNmzYgES+
+QRjx0oxB48aNyz13/PUvNTUVgampAIA//
elP6NTp6DYtmZmZSE50LuuJgKm+ffsCQL1in5nx3nvvlevd+PjjjzF48GCcd9556Nq1K7Kzs8ulM23a
NPTu3RsbN27Ebbfdhnbt2gEA3n77bfTv3x/nnnsuOnbsiPTOdHzxxRd1xx1/
nQaA5cuX44477sB5552Hzp074/HHHy /37+fY6/FNN91U6e fW8RYvXoxmzZqdMDT2tNNOK/ v/
ubm5GD9+PLp37452220X119//QmT2ks/S5YuXYpevXqhZcuWSEtLK5sLWdXvgbL3iZkxc+ZM90/
fHy1lbtkSPHj3wbquvVvnziP+J10tsZTfPPB4PPv30UwwbNgxWcoRDpLzHNVHtgqOyX2DHjhOr/
PIsjurXrx80Hz6MO++8E2vXrqly2NnEiRNx1VVXYc6c0ahXrx7S09PLFSrp6el4/
fXX4fF4AMHrOaCxZsiTkiX5du3bFmWeeiXvvvRdL1liypdJiXx+PBq6+
+1sGDB+Ppp59GQUFBucnpAKCUQLISEqZPn47WrVtXes6vvvoKL7/8Mp588km89957KCoqwtChQwECLW
yXLFmCM888EzfccAOWLFMCIUOGVPkzLFiwAJ999h1eeOEFTIs2DV1ZWZg7d27Z821paVi®aBGmT5+0t
WvXolevXmjSpAlefvlINGjQoLpvlSmhsp7MHj160JTIHpXdMONWrRsOTVYHPXWtWbMGAIK+qz58+HAY
hgEAGDAUHJYsWYLONTuH1KVZs2a47LLLyhX7mzdvxr59+80Kjn379mHQoEHYunUrHn30UQwYMAB] x47
Ff/
7zn3Jt7dmzB16VvF1dffTVmzJiB3377Dffffz8aNmyIGTNmYPToOcjNzalyVarl69djyJAhqFOnDmbMm
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IHbb78ds2fPxqOPPnrCa9PTO5Gamoola9agUaNGI3xuHSsQCGDNmjVISUmp8t+druvIycnBoEGDMG3a
NGiahuuvvx4//fRTuddt3boVkydPxiOPPIJ1ly5Zh69atePjhhwGc/Pd0/
PsSEADNNzsSjjz6KL126YPbs2ejQoQMyMzPx11tvVZpV/E8kXWcrunnWtGnTKr+bRINIeo+DddKdxo/
VvXt3fPxxxG4sHIFSUlLwyiuvYPToObj+
+UuuRnJyMW265BRMNTkS9evXKvdbj8SA9PR3AOR6HIUOGYMeOHT]j //POxdularFu3Ds8+
+yzSO0tIAAGeccQbuvfdejBs3rsZfnls0aYKLS5dixIgRSE9PR2JiInr27IknnngCrVqlAnDOTuUA777y
DrKws3HLLLQCAmM2++
+YS2mjVrhgeffvgk5ywoKMDixYvRtGLTAMCIESOQkZGBDRs20FONTj jj jDOQkICApk2bolu3bidtriW
rVnj++efhdrvRrl07XHzxxWWIL99++y3efvttTIO6FZdffjmAox9md911FOa0OHITLL rmkWu/
TqalLOYrZt27ayu36xoPSGyfr169GhQwen44gIULq89rFzws4555yyXs/
O9HRMNTr1hONat24N18sFAG] Tpk2V16jDhw+XK95dL1lelQ2mvueYamKaJ4uJiuNlurFy5Eo@bNy77kv
z888/j119/xbJ1y8g+NOX15WHWrFkYMGBAWTS//

fQTHNvsMdx7770Aji6 LuWfPHkyaNAk33HADAJz0]s6zzz6Ldu3aYd68eQCAG6+/
HKSEZ599FgNGjUJycnLZa//+97+XzW+5++678cYbb5R9bh3vwIEDKCoqKrv2V2TDhg14++23MwW/
ePNx0000AgGUVVRYXXXQR5syZg7/97WIlry0sLMRLL71U9ju89tprywqwk/
2ejn+fCgoKMH36dGRmZpbdyOvfvz927tyJZ555Bn369KnyPRORAZINSUNnBhAKTHMOQDpHOHgCc rqHLoi
iuuKLebkgieqb+
+GuvXr8dTTz2Fdu3alU2S03ToULnXHfsFr3ToSumgHaX7I11x99dV1r7n88stx+PBhfPbZZyH10++88/
DGG29gwYIFuPbaa/Huu++iT58+Zel+8MEHAES+]/
C00+601vlcLle5D5wLL7wQAGq8DnzTpk3hdv+vdk5MTEReXh4A1PUoHTshX79+fQA44fOXRy9mLVqOi
M1/
5126dInKSe8iPErvBh47nPSVV17BkiVLOKRIE1VOMXDgQLRglarsT21PbkV69+6N3NxcbNiwAcDR4VW
1q8IBR3tkzjvvvHI3aDt@6ICPP/
4YRUVF5do6drhS27Zt0a5d00yePBmmaZz7QS3C8QCCAd999FykpKelUe79q1K44c0YIPPvmk30PNmzcv+
/+J1iYKAENJqU6WTfN8eev27duvjDH/5wwr9f18tVrmBMSkoKajGWY9+njRs3Yv/+/
bjgqqvKvaZrl67YsGFDRCzyEgOi5TrbpUsX7Ny5Myb344iU9zhYQRccX3/9dUz+AsMtISEBHo8HS5cu
xfTpO7FpOya88sorlT4+NzcXAHDZZZeVzUMovTu/e/duWzIOGDAAzz//
PFauXInc3FzMnDkTwNG7UgDQqFGjKo+v6Yd06ZC8/
fv31+j4qrRpOwadOnXCvHnzcOTIEQQCATh8Ppxzzj 11PR6ivCuvVLLKIQW]VefOnWW1lGlGmdCL2sRuJ
du7cGd26dUNcXIwt53jmmWewfPnysj8VDUkqlaVLFzRu3BgrV65EQUEB1qlbV27+Rm5ulrzv3152/
U90TobX60VxcXG5FXfiduLKXas1TcPixYvRr18/
LF68GBO6AMCIESMgXSr280HDKCogKrsxU6p0jkUonzflycmIi4vDL7/8UulrSj9vjh+q3bBhwx0G8Yb
i+Pfp4MGDAHDCaIHSHHZ9zsa6SLn0tmnTBk2bNiOrYGNIpLzHWQpqSNW1115a9gssHW4jgnfrrbfi/
vvvx48//1jtY00o/HHNycpCQkFDuuTZt2tiar23btujQoUNZvtI7SIcOHcLpp59u67mA/
33A2HVX8Xg+nw9du3ZFixYtAAAtW7aE3+
+P2gnQ4ZaSk1IWbMaS7t274/777813338v1y9Rdk1dv3592P4+BLPSFRGhb9++WLVqFTpl60T8/
Hxcc801Zc+fddZZuPDCCzF58uQTjj3ZtbNly5z4/

PHHAQAT f fQROtPTMWHCBMyePfuE1zZs2BANGjQou81VqvQL+cluPFVFOzRceeWVWL1yJSzLgnDMeenv
5eDBg+Um84fr86fUsZ9zxyr973Ce05ZEynVWO7Sy0YknGOIYbSL1PQ5WUDOCX/
4CRfVs2LDhhAt36Z25¢c889t9rt1K6RHh8f]j27dupX7c8YZ79Q4365du/
D111+XeywQCGDv3rll+bp06QLgf5MsQ8XM5YYx A7 fObbHIS4uzrZz9XebOnYtu3bph//792L9/
PzZt21S2eok4Uffu3wW0yJd/PYGyZC90rvVCO2bNkVWV1bQw2VKeODs3nuqd+/
eWLduHd566y2kpKSUu9veqVMn7N69Gx06dDj hM+D4m1BV6dK1C6688spKNw8DjvZyHr/
allLpl65CYmFiteXVVSU1INxa5du8ot7AH874t96ZyVY8//+++/
Y+PGjScM8zqZYH5Pbdu2xemnn37CcNJ169ahU6d0IRVap5JIus6mpKREZU/
AyUTSexyMoKe®x+ovMBYyYGQ8++CB69+6N1156CatXr8by5cuRlpaGtm3bYuDAgdVuqlOnTujXrx/
GjBmDN998E6tWrcKECRPK7exeepfrvffeK9drsH//
frz33ntg5hPanTVrFq655hpMnz4dqlevxsqVK3HPPfeULcF77LnHjRuHOXPm4N///
jcGDhyIJUuW10h9KS4uhsfjwfvvv493330XTz/
ONPrO6YP27duXveaiiy7CunXrsGrVKixdurRG5ymld+9efPfdd1liyZAlWrl16Nzz//
vNyyuaK8alL2YnYzcMBHHatCgAZ588k1s3LgRvXv3hmmayMnJQXp6+kmHz5x111102rQp3nzzzbLrphl
69+4NTdMwT /

5890rVq9xzGRkZgFu3LjweD1latWoV3330XmZmZJ120Y82aNe jWrRumT5+0FStWICcnB2+//
Xa5+YDH+/0f/4wtW7YgMzMTy5YtwlNPPYVp06ZBKRXyF+
+77roLvXrlwtixY6Hr0t566y288MIL6Nu3L1544QV07twZ/
friwdMPPgifz4fXXnsNd955J4gIw4cPD+pcwfye6tSpglGjRsHVI+Pxxx/
H8UXLMWrUKKxYsQJjxowpe93JPINPdZFOnY3Vm2eR9B4HI+iCI1Z/geFARH] ttddwxRVXYOrUgwVL/
PXpOwdL1ly4NeuM/0zTRpUsXjBkzBkOGDMGWLVVKdRV26tQJKSkpePjhh/
Hiiy8COHo3KTk5GQMHDqzwj lbpKh2vvPIK7 rnnHjz44INo0gQJ3nrrrXIFgGEY6NWrF2bOnIkHH3wQ]
RolwmWXXVaj9yUulLg49e/bEQw89BI/Hg8svvxw+n6/cax5//
HGcffbZGDhwICZMmFDImN+TGTFiBAoKCpCeno4bb7wRPXrOwCWXXGL7 rraxIlovZtUhNOzESW6+
+Wbk50SgQYMGmDXx5MsaPH4+f f/
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4ZEydOxPjx4ys9zul2wzAMfPPNN7jxxhvLTTUNVYMGDdCtWzfk5+efsLt4/
frisWzZsrJ1xEePHglmRv/+/
ats86qrrsKYMWOwadMmZGZmYs6c0ZgwYUK51Z2601712272z440v44YcfoJTCLCITMGTIEPZz1r38N+Wd0O
uVz45z//iaeeego//PADOtLSMH78eFx55ZV1qgx+apok+ffpglqxZGDpOKH799ddyqlFVV7C/
p5EjR2LChANn4z3/+gyFDhuCNN97AjBkzyqlQdexn6p49e4]/
A04BkXKdjdWbZODkvMfB0J09gI8r4S3LQrNmzTB58uSqxsUXEUXEgsBZWVn1A4HArwMHD rRnFgAIybR
p0/CPf/yj3CTH2sTM2L5904YPHw7LsvD00+/UeoYjR47gjTfe00DxeJIP/
urwY+ZJAMpt6DJjxgzMnDnzhJ2Pj3MFEUXs0tnMXAdAubEyn376KTp27IjvvvuuqrGvG41lIxtzVAtMO
j9x44413dk3SFuJUsGLFik0//PLLoGHDhi1z0gszNwaw79jHgnmdfZ0IrrM5y+sArj/
2sdTUVDRs2BB+v7+qQ5sQ0b6gXuAkZj4PwLTfHP1bN99ggo0jZUj300kDTNIWYMUI2+xNRITs7G3/5y1
/K/

puIcP7556NTp04h9ZrEumuuuQYpKSnIz4UNQAYAACAASURBVM9300qtL r30UgwePFiWuBRCiDCIpOts
amoqgLrjgAqdj2C6S3uPqCmqVqlKPPPKI3TmMECIVGjRtjwYIF6NixY9nqJlzt37kR0OTk7ZJobiR03bt0d
WVpbTMWxX0j5eCCFEeETSdfb222930kJYRNI7XFO1KjiEqKmBAweWrbhVG2644Q0Zs374djzzyCH7+
+WckJyejffv2ePjhhzF480BayyGEEEIIcaqSgkPUqrPPPhtnn312rZ7z/vvvx/
3331+r5xRCCCGEEEdFXMRUIYQQQgghRGyqTg/
HwYoetCzLVVRU1JSQkHC4gqdlcWohokcuKv13fuTIkdPqlK1T4XMAInOzEwuV/
FXFRUWJRMRut7uin2F/eGMIIUTMCKCK6ywAXMXFVbT6YyIEwZD1YWZaTfIbZu40n/
Sp9jwsLC+tomlbsdrsLK3i6sp/XESctOIiowl1l+vF5va2ZeahhGW/
tjCSFQCXFNBTCloueUUr8fOHCgWUS0T L4txwoZEeUDgPD6pZR6kpkPmqY5uZZjCSFEZCCig6j80juem
RNNOwx9A5fgZalwYuaIESPqFRcX7zYMIyq3iyeiH1D5e7zQsqylfr9/
¢cS3HC1gNh1QROREAdWzMIOSIPC5E/t2fmkggokjvoRFCiGjGRHTS/d7CLT8/
nxC7I29cRBQVN9FScAghqhKTBQcRISDyh4QJIUTUKtk42vGCo6CgIGYLDmalOms/oGhcc+/
bt+x3ADhuzCCEiz7acnlyouJgFg5nzi0g3p3MIIUSsIqgL fARXxx0keJbU4HCAdANOw6UDB+0eDUUOHIycC
goBtEtNTY23MY8QIkIopeIAXxN4WrUclB1DkdAghhIhhicxc3+kQDRoOcAE43+kc4WBZVnNmtpzOUR2h
Lot79F69eg1tSSKEiCjFxcWJAKLizkmwiKgeM1eOwp4QQgh7RMQcjsLCwpgdUqVpWmLMI3CUOBgfH3+
aLUmEEBHF7XbH7DwHy7Kk4BBCiPCyiMjx/
d5cLpeGo8ukxxxmTrIsKypWkQzpLwIzby4ulLg5nVxghROSwLCtmezgA7NMOLaLWKBACiFjCRznewlFU
VBSzPRwAk lwuV+wXHESURERN2RVGCBE5mDImCw41ujwQC0Q6nUMIIWIVEVKI fSRNyGK5hwNAYTFRUVR
8Tof6F2Gvy+VqaksSIUREOTQtZodUAUjWNE12FBdCiDCI1GVxi4uLY7gHw+12x34PB4A9lmWdaUsSIU
REidUejkmTImkA6huGccjpLEIIECcMioodDO7RY7uFIKioqiv2Cw7Ks7ZgmuewKI4SIHMzssixri9M57
LZ79+5kAG87nUMIIWLcb82899MhSnzidIAw+fyUWKXK5XL9zMyd7QojhIgcRHS6pmmn050jDM4COMzp
EEITEeMSicjxUTBEFAfgEqdz2K2kt77n3L1z02IT25B70ACCcZIMWIUQEOTTENCKKxZWcziKin5w0IYQ
QsYyIionI7XQ0ZnYBCDidw27bt29vBOCAOzmgK6S/CACPHtzeqFGjaCg4tA8//
PB3pOMIAQCBQIBKJItNFNGY+DUBMFhwApOCIAMyMDRs2/H783mCWZbmJCERU7FAOIcLKsqy4ki/
kQX8W50bmJoQj k92IKFDyZd9RLpfLDSDMriWJiYTRORkdUsGRk50Tp5R6Nz09/czs70w9dowWy044d0/
KaNm3g+eGHH5y0IkQZTdMivgAmokbMHDV3T6qLmZMATO1ODgEwWSs+fHH3+M/
+23387Ny8u7pLCw8GLLs1q43e7N9evXX16/
fv3vnM4oRDjs3bv3tsLCwsuJSIuLi9tUpO6dTfXrl/86iCY+Cls4mliWVYwQv2faQdMONzPHXMERbZ/
RIfIFIKL4+Pj4SwFEZMExadKkYgDZTucQIgolBPCz0OyHsRkQdmXmDOz10ZcOGDTujuLj4uoObN/
YF0JeZvoUO7Q3Lsp4xTX0t0/mEqAXZAOD1eltblnWTpmk3MrMXwGuWZS3x+/
2vORsvdMxcrGma4wVHIBBwa5oWcwVHIBBopGnaqVNwAPgcRy fjvGVDWOKICEFEpwHY5nSOMDifmV900
sSpRtf1HkTUB8B1ImUlLykwljLzfV1ZWbInijgl+Xy+rwE8A+CZzMzMZLfbfZOmaelKqVeZeQmAJQUF
Ba/Nnz8/
UlZ7qjYiCgBwfEhVrM7hilLZ51iEXHMz8XyLgaUMWIUQEYebTLMuKmotZEM5zu93bnQ4R64YNGI9bKsqy
+RNSXma9j50+Y+S3Ls jxZWVmbnM4nRKQpKbzn1fyBrus3ArgxMTFxs1JqK4AlzPyaaZpRcSNIO7RiZn
a8hyNWh1QBOLWGVBUWFn4SHx9/gx1hhBARJR/
AXqdD2GnSpEnarl127fpozz873TmeJRV6v9zpm70ujvRgIzPwmgPmFhYWDs rO0zo2KteCEihWmaSwAsAe
DJzMz808v1lupGIliilLACVEAESNn8+3zuGY1lbIsK4+IHP9C7HKS5yLKsWIzIGO9EUTPPLeSCIzs7+301V
N/BgwfXXbBgQcRPhBVCVNsSVRPS40yHstGPHjstcLlei®z1ihVKgHYBURDSQmfsw8xvM/
GYgELh57ty5XzmdT4hYkZWVtQbAGgDj LFLtmPkmAM8opS5g5pcBLDANc6mzKU9gAWj hdIji4uI6Mbgn
VDvLs r5wOkR12dLVRURrkpKS/gizZxyFELGmen5+/y+kQdtI07WIm/q/
TOaLVfffdl5CX19db07TrAfQDkATgBWaeahjGdQ7HE+KUYBjGVgBbAUweOnRoE7 fbfQMRKaXUqwBeA/
Cv4ulLil53eEI6ICoko3skMAKBpWjwRFTqdw27M3AJRIL3bloKDmdcB6Ioo+sGFEIJVTSjUEUBXrvZZEd
DEAKTiC4PF4LtUO7Toi61tQUHCVpmnzmXmTZVmTs7KyYnGYghBRY968eb8AmAtgbmpqqis50fkmzZu7r
drtne73eDcz8GoB/
G4bxY21nY+YCZnZ8zxAiSmDmAqdz2I2ImluWFTU3Be2azPMugEk2tSWECBgRNWTmgLmQVRcztyeiqU7
niGQZGRn13W73dQCuY+Yzi0hsZn4Dw0O0OGYaxwOp8QomI50TkBAP8q+eNVST1INRDcx80qvl/
sXM280BAKvZmV11cpNFO3TCpnZ8R40y7LiAcRcDweOD1fb6XSI6rK14DAMY7VSqnNNGRkZ9p7vwhBChC
wQCzTVNi7mCg4h65uX13el0jkijlLgcmXsSOSOALiWiNwC8UVhYuDXxSN3UVQLSt5AbBCgC]jPR7PpS6X
6zaXy7VIKZXIzP/SNO21cE46L+1ViIgeDiKKqR60Nnj17ugEO9vvIOUbOWi23L1THZz flwulwAA/
7SrTSGEM4io0YCYKjgyMzMvBvBdrA@Tq4kRIObUKyoq6k9E1wHOD2ANM/ /LsqyHSianCiFiiN/
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v3wxgM4CImZmZF5TOfDy j IDgXiF61L0tVOzTfsfOcxcXFhW632/
EejplelpjgdWjXrlOLy7KipncDsHfL+X8D6AIp0ISIekRUz7KsL530YSe3292BmZc7ncMpug53ANCPL
C40L150JaJ1zPyGy+V6aM6c0TG307wQomIZWVnfAJgCYEp6evqZ8 fHxtwAYq+v6IiJ63bKsV/x+/
73Qz50fn59fr169rSEHD1HI fiBR9eX8ZIqLi8/
UNG290zmCYVVvBObx585d37969CMCT7WpTCOGYK1wuVOwtAmFZVn8cXdP+1JCenp4YFxc34JhejLOALL
uwWzfr9/
kyH4wkhIkDJkMnZAGaPGDGiXiAQSNUObYRS6iUiymHmlw3D+E9N2g5Tp0O4+gCttDVwDzHW6gHPO57CT
pmkXE1GuOzmCYVvBMWNSJEsptVjX9btNO1xoV7tCCEe0Z+ZnnQ5hJyLgEwgER]j qdI5SwyMjLaut3u64m
oPzMTM/
9gWdYbmgY9YhjGTO7nEOJErimzZh1GyU7nSqk6zIxKRMOUUKBROfpAIJATTMIHX15eXt26dZNCycTMn
wG4gAaH1i2dt8HMSUSUFOqOCHSRZV1bnA4RDLu3nF+gadqfAEjBIUROGa19YWBg1lGwqdjNfr7cTM270y
svY7ncVux6xEMwBAMREtZWZZUUoIUWOGYRwB8DYAS59PTOXPj4+PvKOn5eBHAS5Z1LfT7/
e9V1UbdunXzAIRUcOD091RXKAlompbIzPkh50g0ozHwRgBr1PDnF1oLDMIy31FKjlVInyd0OIaKTx+M5
F8BP2dnZMX0BZuYrmfklp3PYYdiwYWcEAoHriWgAgOuZeS6ALwWFcZxjGtw7HEOLEmILPgucBPD9480C
6derUuV3TtIFKqRwAiwH80zCM1ccfZxhGkVIKSO1NdZUs2esIZk515piap0ZEFxcWFkbVn1J293CAmd
8h03j8DGGN320KI8NMO rTORxUzvRgkPM6c5HaKm L FKXBwKBvpgm3WxZVksAS5n5BSK60zTNIqfzCSFOD
SWr/MODMG/480Hji4uL79I07QmlVEtmns/
MOSUrYpXKa9KkSRKAwzU9p2VZWLROEbp164ZWrVrVpImYGLKV1pbWGEBctC1ZbnvBYZrmVKWUBSk4hI
hwWUTc2tCq6rrcBkHjch2DEUOONYObriegGAHtcLterzDzSMIyPnc4mhBCzZ88+AGAWgF1Dhw492+12p
29aN18pRQAWFhcXv4CjUz1CKjgOTcOj j z6KKkSNHYtSoUUEfz8xJAGKM4EhISLiYma0gdwMIQ8EBAMZz8
D13XR51im0Ssc7QshwupMy7I20B3CLkROKz0/
6HSOkxk2bNgZ1mVdw8y3E9ENRLQMwWNLi4ulLH5s6du9vpfEIIUZ158+btADAVWFST1CXMfLTb7V4PwOV
yuW7HOCcKEa9p+9+7dsWrVagkoLjjVrliAjIw05ubn46acTRvTnBgKBQzU9d6TRNO1Cy7I+czpHSMIScA
QCgSfdbvdOHPOLJ0SILv2Y2edOCBsSN1TTteqdDVETX9YsA3EhEN1iWdR4zmwDmGoZxCOL4cBZCCKcYh
VE59ICcAPKT r+nYAHZRSXQAWAHi+JgtapKSkYNy4cbAsC5gmlT2en5+PiRMn4gmnnkLDhg2RTHTiHHUL
usD1lclU5wT2alMxJjLqfIywFx9y5c3/
zer3PKgX+ahjGY+E4hxDCfkOHDMOCIHNU3L1f0Z3FDh6PpxeAHT6T72uns5TKzMzs rmnaTUROI4BSAE
ssy/qT3+//001sQghhJyL6Sd00uT6fT/d4PGkul2uCUmouM/+fy+VaPGfOnF3VaadHjx7Yu3cvNm/
€jA4d0pQ9PmXKFMycOR0zZ8/Gd999h/

nz51d0eANNO6Jqz4gT6K1p2iNOhwhWWA0OAPD5 fBOVUKTS090fjgXVboSIZW63uzszr3Q6h100TVPMb
Didw+Px3KRp2k@AbmbmNUTOHMRVKSFE7DSE0CEA+P3++QDmZ2ZmtnS5XAMty/pQ1/
XNRGQahvHvghpplaoVWrdujZUrV5YrODweD26//
Xa0bt0a48aNg+zwhiU50t6wYcNaWZZ1GYbxo9NZghW2gqPESLi4uPEA/
hrm8wghbEBE3Zj5h0UNo1F6evppABqYplnry+HefffdDZKSkgadXK5UZr4ZwGvM/
FpRUdGTsr0zD9Z2HiGECEiuZVKkNjnOgKyvrBwBTAEzZRdbOfEe1KKQOAkZeXZyxYsKDCLOMVzeNo2rQp
mjZterIMDQKBQEzOcFiW1lYOIPnA6RO2EteAwDON5pdQHHOo8Nnxe/
3rwrnuYQQtuhuWVaFfdLRJi4u7q8A3q6t83k8ngaaptOK4FYAnQHMY+b5hmHcWlsZhBAikhBRLOAGLT
1vmuZyAMuVUqcDUE1ISW8rpb5i5tk1z5VISUnBhAkTahKjQWFhYUwUHAB6WJY1BUdFLMu6W900tQDOC
fe5hBAIN3jw4LoA2mR1ZWOK1zmYmQDUqcGhBURUXNOXDXx48uC4RKcMwot fgXNVWOjSAmW8hov0J6F8A
/
uHz+d4N53mFECIaMHMuM1ldacJQyDGMfgCcAPKHr+vUARiqlZh4+fLhuvXr1AABdunTBzp078f333we7
HOeDXMTEmCk4mDkq50aHveDw+/
07PR7PZF3Xx5mm0Tnc5xNC1EXCQKIXy7IWhPkOXQCsq8Fx43HOw6haEhMT /
1xyj00yMzMvODQt1YhuA/ADEW1n5rGGYawNx/mEECKK/
CjM2s1f9j+maS4FsNT]j8ZwbCATKOh1q06YNmjZtig8++KDaBUd6enoigIWGYUT9Bgke]j6CcFgD1+v/
87p7PURNgLDgDw+/3/
p5Raruv6p6Zpv1kb5xRCBEFfTtHtiYcJ4WlpaYyK6zzCMInalqZRgx8wDS4qMugByACjDMD6x6xXCCBF
rmL1YO7T2NTnW7/d/Z5rmXgCNgaMbAKakpGDVqlUYMmRItdogoiYA2tTk/
JFGO7RbiShgN36t1YIDAAzD6KeU+m3w4MFnL1iw4Pfa0g8Qot ruOHjw4L10hwhVU1LSdGa+P9R2Mj Iy
2rrd7tsBdANwWNhGOTETpPp8v6jZcEkIIJ2ia9iszN7arvZSUFMycObPar3e73Y0B/
GrX+Z1ERHcx82inc9RUrRUCAMDMKYmJie/
h6LAKIUSE8HQONzDz0zk50Xm1cb4VK1YgLi403bpls7Vdj8dzITOfZxjGopocr+t6GwC3E9FAAALEYB
KAB3w+3xe2BhVCiFPDPgCn29VY9+7dcf/99wczj+NOZt5nl/
mdkpGRcR4zNzEM4yOns9RUrRYcpml+quv6NF3XF5mmOag2zy2EqBwz387MtbZ87MKFC3HoOCHbCw5NO
X7TNEOFc8zQoUPPdrvdgwB0IaL2AF6yLCvN7/

dvtjWcEEKcemwt0C699NIg53GcXpIhqrnd7 ruYebHTOUIR1IEQeO05im+U8iWg+Umlrb5xZCV0q0r7/+
+sXa0lnpOFzLsip8Pi8vDw888ABcLhdmzZpVrTaVUpOYedWcOXP+e7LXpgenn6br+giv17syLi5uNRG
dV1RUNNEwjHaGYTwixYYQQoQuEAj8ipI5GHY4dh7H8SZPnoyffvqp3GNE1JiIYmFI1V2apkV1wVGrPR
y1DMN4Vin1lpK7rz5qmGbXj0OYSIBZmZmTcDePH999+vI9rKzoerRowf27t2LzZs319s1FgA+/
PBDZGRKYPfu3ZUWJIMfzeDyXArjZNMO0JI3ndHUSURKRAASxi50cNw4iJjQ6FECLSICULl/ZKfn7/
DzjZTU10xffv2K1923333LdZ1/UlmTiCi7+08f20r+XwrjvahvbXewlHKMIy/
ENEaXdefdigDEAJwuVz3ELlF2bZ6zVatWaN26NVaulLL8oV15eHvro6Y0zzjolLa9dwf5VZTdMez8vLu7G
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157xe73VKqQVKKUvTtBQAMw3DSDYMY6QUGOIIET7PPfdcARG1Gz58eC072rz99tvxOEMPVfma+Pj4Zw
DMJCIFIN+uczuBiAYAm010j1A50sNRy jCMHKVUa6XUfMMwOpzMIsSpyOPx/
AHAaU5sVNe9e3esWrUKo0aNKnssKSkJy5YtwlVXXYUjR45Uqx1d199i5qcWLFjwY+1j6enpHelj44cA
uIezZP2bmhazZpDrb9hxBCCHEyuwoLC5sDOFBbI5wyZcpGIuqilPoUwBS1VIFhGP7a0r9dULNT44100mE
YiU5nCZWjBQcAGIbxhNfrvUcp9YFhGD2cziPEqcTlcoll5gecOHdKSgrGjRsHy7Kgaf/
rbAImIrmu6z0IallhGO+kpaUlTkxMTAcwBMDnzLy+0oKCg3fz582Nh/

K4QQkS rnW63uwWAk86vCwMmoi6WZ fXXdX11UVHRwOzs7DO05KiRRo0a/
QXAkO7nsINjQ6gq05fP5XrAsad4lSKip3TxQiGnk8nn0ZuZNhGD1ONL90Hse2bdtqdLxSaiQAENFupdRr
1YmIW4nozEAgMMgwjLtNO5wuxYYQQjhuVyAQa07QuZsz8y7TNIBEMDY+Pv4TpVRQKxk67C8HDhyQgsN
0fr9/VSAQ6KmUsoYOHXq203mEiHVENBaAI70bwNF5HC1atMBHHWW/
rLiu6xnMPIaI2jPzICLyG4bRx0fzPZiV1eXEXTQhhBAV261pWovaPul9992XAKC+YRj7AMAOzbWGYTS
zLOtcpVTEr/ik6/qfAMzMyckpdDqLHSKm4ACArKysHwzDOOL141ZnZGTYuOC/
EKLMiBEj6gH402EYPidzXHn11RUub1gZj8eTpuv6ROQOh4ie03DgwM2GYQz0+XyvhzGmEEKImvvasix
XTQ4koouoZgp+++23swAs075Nv9//FyL6t1Lqq9TU1Hoh/3RhQkR/yc/
Pj4neDSDCCo55hmGOdLvdQ71e77N0ZxEiFgUCgalENMPpHCkpKSesVFWRdevW9VdK5WuadiORxW3btq
20YRhTcnJyDtdCTCGEEDVkWdYeTdOuqu3zut3ulgAgLCh8Pt+LRHR900aNXk1lLS7NtnxC76Lp+t2VZs
2NpWHBEFhwAYBhGJjNvVOp95/V6L3M6jxCxQil10TNfHgkrdnTv3h1ff/01vv/+
+ypf15SU9GtRUVFrALcdOHCgc23uGSKEEKLmMP1bAOfX9nmJ6HWA31b2vM/
n+90owjL6JiY1lb7Vy21w5EtMDv9z/idA47RWzBAQCGY cwIBAIOmMT LbKfVXp/
MIEQuYeTYzD3c6BwBceumlaNqOKT744IMgX9esWbNv4+LilhuGUScnlydQS/

GEEEKEKCs réwcALVITU2s0rKgmi0g8Zg56h0AAhMEOCQQCh6ampibVRg6TOXVINOCI+Iy2UGQXHEDZV
I60RORWSN2ckZHRzO1MQkQrXdczAHXxumubHTmcBAE3TKkJIKSctJ5HBs3brzHMIyzaimWEEIIe31Tv379
C2rzhEROGARF9U53X/v7779c0atTop3BnOpnMzMyORHSFO/
MrwyHiC45SPp9vomVZw9xu93qlVMxVfkLUBiKad fDgwRFO5zhWZfM46tWrB2bGiBEjOK9fP5nPJYQQO
esz18vVqgjZPaFlWMgoYUnWshQsX5gYCgQFKqVfCHKtKmgbNYeZhTmYI16gpOADA7/
dvNAyjBRFdrJQyMzIy2jqdSYhooev6YwC8kbbE3jXXXIOU1BTk5+c7HUUIIUQYMPMuImpfm+ckoisPH
DjwVXVfn5WVtYaldiilRoUzV2UibQSC3aKqg4Cj18/
nuZeYX3G73v3Vdd3ylHSEindfrvYGILjUM43mnMgwbNuwM0OzRHHv94+/
btkZWVhcTERCdiCSGECDMi+pKILqyt8ymlzgewI9gbbD6fbzQzT6zt+RxKqTgAj5im6anN89Ymt9MBa
s00zQ8AXKiUGgmUCgAYaRjGbKdzCRFpULNTXcz8L8Mw4pw4 fOZGR1u32zOUEAGOSOhIgNmM24kIIIaIW
M3/Bz0Om1db6STWG/
gq0GxjzVgl0jvAP5kc6ygLNMOLbMWz1frorkKH41iGYcwODMNdMszqcl3XezidSYhIOghRo6XMfH1tn1f
X9c5er/
dfbrf738y80jTN69LSOhbVdg4hhBDOIqItRHRRbZ2PmS8i10i010dYwjOkA7 rc5UgwWUUg8w82afz/
dubZ3TCVFfcITgkmFWdwKY5PV6Xxw2bNgZTocSwmlKqVFE9JVpmm/
W1j11Xe+h1HobwCPMPN8wjAtNO8yurfMLIYSILIZhHAKw8Z577qmV1QaZuUkgEPis50dzt1JgkK2hK1l
AyF1mZpvnncl/
LaVE7pKoipmluAXC1UiqVmT f rum4WFRX9PTs7W2ajilNORkZGW2a+1jCMG2rj fB6P51pNOYyYwsOVE]x
uGUdHdmnOAVh/
7wJ49ey4AgDPPPLOg5Qu32hhVCCFELWPMgqSkpA4Awr78LBH1ZuYaz1nUNGOFM18HIKy98m63eymA68
J5j kgRUwWVHKcMwcgDkKKUeiI+P3+/1lep/dv3//
pEhbnUeIcHK73VuaNWsWH+7zKKX6MPPOR0OS2LGuC3++vdFONkjXRUwDAG/Vexsz/
BPDXSNj1XAghRPgQ0afM3AHA8BNCTCsALfr9/cO0bKC4u/tDlcjlgY6YTKKUeZea/
m6ZZraV7011MFhy1DMOYBmCalUughRo®a5Sqlntm2bduk999/
v9jpbEKEK1JgEZN3mjRpkhWuc+16fg2ASUROOBAIPIKV1bU+iHwTmfnmwsLCftnZ2d+HK6MQQoiI8am
maQPDFfRKLVEcAmOIpIXAI7HS5XGFbVUspNZyIGhuG8Ui4zhFpYrrgKGUYxj8A/
EMp9XCbNm20tG3b9kmfzzcJADscTQjb6br+PDNPNU3z03C0O7/
V6uzLzWGauC2Csz+dbW91jS5YqfAXAq4ZhdAXHPiGEEJEnEAhscrlcfw/
3eSzL6ghpWkgFR3Z2dr5Sqqhnz55uu295727Zm/hHAIJ/P12JInu5G0OnA7gBKXUXwFMAVDogQMHHs /
JyQk4HEKIWyilvABONwzD9ot6enpbu/
j4+MkATgcwzjCM1Sc751i6ro8hIq91lWbeFOtUthBAiOimlvikuLu44d+7c3834jmeY+SvTNMOQ291vG
EayXbkAICMjo77b7d5pGEZDO9uNBqdED8fXDMN4DMBjSaqmlycnIn3g93neZeaphGD86nU2ImvI6vfcw
8x8Nw0izs91hw4adYVnWU5Z1tSCi6T6f7/
Vgjvd4P0cSOWwi2mwYRms7swkhhIgq32qadiWAt8N4jp5EFNIK7/TOODMB2L7gkNvt/
kzTtMvsbjcanJIFRynDMP4G4G8129ivVEqtJ6JpPp9vndPZhAiGruv9LMubyzTNAXa26/
V6n7Ysa7BlWWP9fv/
8YI9XSjOK4G4iukf+XQkhxCnvIyLggjAVHD179nQDuNQwjE9CacftdrcCsNKWUCWUUm9aluUxDON709
uNFqdOwVHKMIwZAGaULKc7RSnFImVN8/v9LzudTMSt/
gAAIABJREFUTYiTOXX9KgCTTNPsYlebSqkHAKRalvUvOzTPrMHxAwCYAP7PMIzz7colhBAiejHzegBD
wtV+27Zt01uWVelKidVFRFcDsG31KF3XFzHzPL/f/
55dbUYbKTi0Ubqgcrtfr7app2gNKqSkAphmG8azT2YSoiFKqC4B7DcOwpdjIzMwc4HKS5ZjHzy6ZpXhXs
8cOHD28UCAT8RBRfUFBweXZ29h47cgkhhIh+lmWtdblc2eFqn5m7EdGGUNsholZEtNCOTF6v911lm/
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tAwjH/
adV600iUnjVFXOKFDz46Li3uAmbsSOSbLsubIZFcRKTIyMtq63e61dsyL8Hq97QE8x8ybi4qKps6bN2
9HsG14PJ57NU171Jk9pmm+GmomIYQQsUcp9V8iut3n830RhrZfIyJ/sHMNj 1Xy3W+1YRgtQ82j6/
oEIoo/1Za/rYzOcFSh5EvXnwBAl/
VhmgbN13X9sKZpc3w+3ws0xx0nsMzMzItdL1eOHcVGyZ4YqQDuMwxjRbDH67p+CxFNY+a5hmEOD jWPE
EKI2MXMg3B0A1jbCw4AKQUFBSEN2YqLi7sbQMgjW3RdT2fmRNMOJ4TaViyQgq0aTNOcA2COrutXMfMw
pdQsAHOKi14vnzJ07d7vT+cSpo2SH7gWGYYSOKZFSajiA/7MsK93v918c7PGZmZkdXS7XNAC/
Auhumgas81iaEE0Jk3gHwWR7sb1XX9IgArsr0zD4bY1MAdO3aELlE8pdS+AdgZp3hdilpghBUeQTNNcC2D
tiBEj6hUVFQlzu91lveb3ebyzL8skwEhFuXq/
30mZONwzjOpqg2o0et6ZwDjiWiXz+fTgj0+MzMzZWd0®aUROMRE94PP5bF3JQwghROWKBALr3G73dJSMIL
FRLwWA7Q2 TAKTURWOVL1y8vCKGNewGOMwxDioljyBwOGyil+uDoqgsDAMy1LCtb5noIu3k8njRNO+40D
KN/
TdvQdfOfAK62LCszKyvrv8EeX7J61XhmfsAOzQU1zSGEEOLUpZTaysw3mgqa5zcY2X2HmF2p68zc9Pf2
0+Pj4/xiGUePeDaXUVABFhmGMg2kbsUp60GxgGMZbAN66++67G9StWzdDO7T5SqkiZp5XVFQONzs72/
bNY8SpRdAd1nYj+WNNiQ9f1wUQO15kzTNN8KN] j 1VJjATXRUmicXpMMQgghBAAw8+sAugGwreAgojYJC
Qnv1vT4+Pj4iQCeqOnxuq4/

QkSfyBzfiknBYaOFCxfm4uhEo2c9Hs8TNEObGh8fv18p9WpJ rOoc4d9YUMcrr9T4bCAT2mKaZHuyxHo+
nNBRHNBfDTgQMHENNycgLBHK/ r+ggi+jsz+503bx4/
adIkK9gMQgghxLEOTVvHzIMAZzLW]jPV3X01uWdeS5557LrcnxHo/
nJgB1DMP4T020L+nZyJVio3JScISJ3+/fCGAjgJEe]j+eukn095g0YHWgEFtRKOISs49SilXmXmFX6/
fOYNjhOLYGRxcTGQuUXPnBrX61MfjGahp21QASwCOMk3zULDNFOIIISqyf//
+t0477TRLV3tEdAWAL2py7KRIK7Tdu3c/bxjGaTU5Xt f1pwH8KHU2VS30CaMieH6/
f7FhGPOty+0AYJ/L5VgklNgo1Bo9aNCgRk7nE5HI6/
XmWJaVbRhGUMVGZmbmFUgpVcxc1lzCMc4IpNrxe7z1KqwW+IqINIWVczZhjHSMAwpNoQQQtgmJyfnsKZpD
Us2r4xH4/1el/Wginx7P179x/

znbZZ1lbazmceX0s3v37iWWZQOK5ty L1FLLAWYUYuPkZNK4QOgWFBOMoAeAnOomOp3SulCeijIyMvpom
vaC3+8/0/5SxzMzMZJfL9allWT2CXXxAl/
UZRHRFfn5+2vz586s9N1YpNQjAJAATFhcXT5K1noUQQoST ruuHmLkeM2tEBAD/
9fvo11Tn2PTOdADOULM4mM8cf8/B0Ov99/
dLXHDRO69B6Xy2VomhZnGEacUs rLzB1MOxwebH6 L1GTMPNYOzTeDPfZUJEOqHIKV1bUIwCYA8Hg8/
YnonpIhVwsAvFCTDAhE9HG5XMOIqInNH48n3+/2JJXN/3gTQyu/3n9CzOK9fvwbNmzf/
mInPycrkKSip930v13sDM8wH81TCMUdU9v8fjuYuIbiOi/
0Li4v5ZWVnf2POTCSGEEOV1Zmb+qGna2SUFBkr/
17IsANhS3XaY+SsAv2ialvyYh1t4PB5mZmR1ZVV4Q13TtNaapiUBgMfj4UAgGEMjKygrqu3B6enpiXFz
cvwHcY5rm58EceyqTgiMC+P3+ZQCW9ezZM61t27aDAUwone9hWdYLfr//y+0P8Xg8Xw0oo2navYZh/
Lu2M4vQ3XHHHedblnW5y+WCpmkImZmZ+ZgmfW4YRqWrQDVv3nwKgPNdLpdL1/XviogKLoyPj5/
PzAKAW1V3+FPJvKKJADYGAoGHTNOUQKMIIURYFRQUZCYmImYTUbPjnmIm/
qS67Rw6dGjzGWec8VsFT1kAKv109P/t3XtUVOX+P/
D33swkoqZ000iZg18VL+QNBBLFQEFSIgtwaanoICKilLs1LXvJC6vEa4hVKAJGWHINOK45H7QReSsML+
1tLF3bS8zXB1DQVREKY2b8/cPbXYQSGyzCi79dariX78sznGXQ/+/
M8z362IAjdIJUmCIAgQRREArMLCwo01Gk3Tys55klqgt/
h8rk6vzWg321cTExD+rP4POOKXqGRUREdAFBqOVOEAThAWAPIUN6TKfTper/
gavVemIrKytrnU73m06nUyclIWVa0GSqIbVavUIUXUWCIMiJvyRIOXISEp76XM/
EiRMHKZXKdFEU7YDYHiFRFIt10tOEjUaTbspnPploSJK00j7XQCciIqrO5MmT3xdFcb0oiu3123Q63W
OAEx93wJokLCzsuCAIg/
SjJJIIkAcD3CQkI1b5HY8qUKackSRr40NmQ6XQ6CILwvwkICQ5Vn0s1CELCzpO7uSkal/
0fJIhyNwONpNh8AGA/
gpCRINwFIe2IoMg+kpCQoNTX11CXjplqZMmXKr4IgdKm4XafT3dRoNHYVt4eFhXOPwOPJC2VVCUqFc5
1oEBHRM2Hy5MnzRFFcJIqgifmWoK8XFxW+mpgb+ZmoZarVepyiKUwRBwWONRix937tzZt7LjhwddqujSp
ct/

rKysQuu3PU5SftPpdGcSEXODK] t3ypQp7wMISOhIeNPU+MgQE45GIiws7C1Ikj63srJq9uR2SZKulpa
WBuzatYvzCRuBONDQYIVCkSyKovx7fDyHFQBuCoJwIyEhQb5wqtXqKEEQVoui2KJiWTqd7heNRtP9az
/DRI0OIiJ5FarX6Ul1EUwwCOAPBDQkJICvxqeP1kUxR2CILykO+1lyf/31V4+jR4/
eq+L4/7GysvoGQOfH7e0fAHK1Wu2q50TkSh/
8njJlygIBEHrv3L1zfE31ION8hqOROWgOB3LCwppU3C4IQieFQvGv40Bgr3379v3XErGR6ZRKZZgkSc
0eX/Ruo/
zCVwjgeOmSzmgOmj36Y995551Woih+KAhCC8AgMQEASIIKNE ryeNWppShPNN5mok FERM+SXMTEOZMmT
VIpFIrgxw+B19TPkiTdBFBcVFQUVFWYyAQCSIJHWUIKkpgD8FQbhWV1a2Njk50a2qcx6v/
FjEZKPUuOMJIRCwkJCYsVCoWbpT7/7t27AQD0Q4jQ/

x2AThTFv1lglapV1lqdjINPfu3fMGoFMqlXes rKzuKhSK+wgF4mkPwKGwsLBPWVmMZrSAIWgCCIAhaQRBK
RFF8BOCRKIoPbWxs5GVsCwoKBomi+NDa2voXhUJR1EBVs0jS0tKi8PDwsZa0g4gal88//9yqsLDw761
oGnXgUc06f//+IIVCcbNZs2Y1WrxEkiSrgoKCITY2NvOPqVRWmWwAQELJSfvi4uJlelL7300q82Njb/
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a8LxHSRIUlpbW1d7LAELISW7IiIi/
1HZfo5w1IJCoXjbwcFhYMuWLSOdSkUiABSAAZYOhEzWAkDneiinV4WfVQBerYdyn1lmSJCEnJOcLgAkH
EdXI3bt3RQDVDRw4KkB2vzwYVgB61PHdwDY93fvynJsdTFfLz85GTn380AB00+ta2bVvY2Rk910tEDUS
nOYEnJ8fSYRBR4yV16tSICQdRHT148AD5+f LVHiNWuZeIiliIiKgOmHAQEREREZHZMOEgIiIiTIiKzYc
JBRERERERmMw4SDiIiIiIjMhgkHERERERGZDRMOIiIiIiTyGyYCcRERERERKNkw4iIiTIiTIjIbJhwEBERE
RGR2TDhICIiIiIis?2HCQUREREREZsOEg4iIiIiTzIYJBXERERERMQOTDiIiIiTIiMhsmHEREREREZDZM
0IjoqW7cuIGEhATcunXLOQEQEZGF7N+/
H11ZWZY0451y4MABZGZmVnnM+fPnkZgaitLS0igPelHaWiYcZODMmTPIyMiwdBjODEhNTcWCBQuQmpp
g6VCIiKgWDhO6hBMNTtT6TI10hwkTImD8+PH1GFXjpv90QkIC5G2XL13C90nTkZeXJ29bvnw5Zs2ahT
NnzlRZ3ovS1ljLhaIQiIiKgUgmgUgnw2muvYejQoVizZg2Ki4tNLgOkpAS//PKLOTZ169Y1un/
0b7/9N1QgFelLi40z2RUREYODAgXUup6HodDr85z//waNHj608LiUlBSqVCr/
99pvZYhk3bhwWL1lyIcePGme0®ziIheVL1794ZKpcK///1vg+3258/
HOKFD6+UzOtPTEROdXevzRVHEjh07sG3btngIxxSXL11CVFQUevbsiR49euDdd981GGHp3bs3Zs6cWe
n5zs70mDVrVqX779+/
D5VKhe3btxvt69evHyIiIuSTfn9Ym67+ThIQEedvly5eR1paGhw8fytvmz5+P1StXwtXVVd5WUFCAa9e
uGXzmi9LWMuFop0zt7ZGRKYH4+Hi4urri0@08/
rVEPxJw5czB58mQzRtgw7t69i+PHj8PW1rZ0Q771VU5d7dmzB25ubrh7967FYtDrOKED5s2bh/
bt21s6FCKi553SqTS4cX0WjRkzBgNHj26Qzzp27Bh8fX1x9epVLF+
+HKtXrwYAbN26tUE+v6LK2uTg4GC89957VZ7 r7u60yMhIKIVKeZuX1xe2bN1licNyLOtYy4WikmjZtCk
9PT/
j7+2P9+vVYvnw5Dh8+jKNHj 106 tAaV1ZUFURQxY8YMfPvttwa9C+YuJy8vDOUWLKL2NKIXxeR7 rRETOL
BIEACOHDOAWVtZTZxy8aLRaLRYuXIiOHTsiLSONISEhGD16NNLTO5GcnGzp8Ki0mHA8I4YPHwWA4AUHj X
IiZNmoR+/foZ7NdqgtejatStmz54N1UqFtLQOXLXx4ESqVCgEBAUb1paenw83NDV27dsWiRYtQUllisP/
gwYMYM2YMHBOd4erqipUrVOKn@8n7T548CZVKhZMnTy IwMBCdOnWCv78/
sr0z67XeWV1Z8PDwwPDhwlFaWlrr@YnqyikpKcH69esxePBgeTrbzlkzkZubi/
z8fADA3r175br6+vri90nTBmUEBwdj8eLFWLduHVxcXIy+Ww8PD3mYuEePHLCpVPjrr79qVR9JkrB16
1a89dZb6NSpE7y8vPD111/WqE5P/g6fLHfTpk3w8/NDpO6dEBAQgK++
+gpWMRIRvegGDx4Me3v7aqcsFRQUYPHixRgyZAgcHBwwatQoXLhwweAYnU6H1atXwOPTEz179sTixYu
N2m6g/

FnN8ePHwWOHRER4eHtilaleVnx0YGGgwg+Ly5csICQLBr1690K1bN7z77 rs4cOCA6ZWURHZ2NnJzcxEW
FobmzZvL20VRRKtWrepcfk1lV1SYHBwcjODi4yvNjYmLQrl@7AMC+ffugUqlw9epVaDQagFQgefTmaw?2
tVqvFqlWr80abb8LBwQF jx47FH3/8Ie8vKS1BZGQkXF1d5XuOLVu2GNyHPWuYcDwnrKysAJT3mPj5+e
HglavIzc2V958+fRp37txBYGAgMjIyMGzYMDg40CAjIwPr1q0zKCs3NxdffvklPv74Y3z00UdITEXEU
1KSQVKTJO6Ej YONNm/ejJCQEO0zYseOp8ORDQOMRHBYMEydOoHXr1ggNDa233n0tVovMzEx4enqgie/
fusLe3r1XCYUo5EyZMw]49exAbG4vvyv/

8e3t7esLW1RXp60hwcHHDkyBFMmzYNoigiNj YWHTt2RHBwsJyM6KWmpuLHH3/
EZ599hpiYGIPvdsuWLfK80927d+PAgQOwtraulXezdetWREdHW83NDTt27EDfvn2hVqsN5gpXV6en2b
x5M1avXgl13d3fs2LEDXbt2xdmzZ2sVIXHRi660qAhqtRp79+41uKGsaMqUKdi3bx/
GjRuHmJIgYiKKIUaNG4ffff5eP2bJ1CzZs2ABvb29s3LgRAPCvV T/
3LoJzbt29j3LhxyM3NRXRONEaOHINn58+cbHVeVxYsXIy8vDwsXLsT69ethZ2dXL7MrTp@6BQDwWIPSsc
1n10T7bZC8VvL2RkZMD0zg4BAQHIYMjAXxIKkTKz1+3bpliImJweuvv46YmBj88ccfCA40hiRIAIC4uDjs
378fkyZNws6d0+Hh4YFDhwohrKysVvE1BIWLA6D68dNPPwEAevXghb59+0KpVCIrkwt0Tk4AgKNHj6J]
du3bw8vKCIAhISOvD9evXn/
ofW6LUIjExUf6P9d1lnn8nTA8CMTZvg50QkD3G0GjUKgiBg06ZNmD1zI1Qq1lXzsqlWr5HmO77//
Pg4d0oRr166hS5cuT61HQUGBwCc8vV/
xypXU+deoU7ty59g8GDBwMAhg4davTwnSmqK+fy5cv45ptv80mnn6l///4Ayi/
+Y8e0RVRUFJydnbFt2zZ06NBBHKUIDAYEt7c3kp0TsWTJErmszp07IyUlBQqFAk50Tujdu7f83bg4uM
hJoqurq9wzUIMULJISWIjY2FWq3GsmXLAABvvfUW8vLYsGHDBVj6+ppUp4pKSOuxbds2hIaGYsWKFXK5R
ERU048ePcLUqVOxceNGICU1YcGCBUbH50Tk4JtvvkFycjICAWMBIMIq6NWrF+Li4rBixQpotVrEx8cj
JCRE7vzz9/fHpUuXUFhYKJeVkpKCO3fu4MCBA+jatSsAoLi4GNu3b8fIKkSNNivnHH3/
EiBEj8MEHHWCAHFN1TG3Xb9+
+DaD8GdVnQX21yQDQtmlbtG3bFk2aNEG7du2qTKgKi4sRFxeHoKAgxMbGAih/
HgRv3744fPgwfHx88NNPP8HO0zg6RkZEAAD8/
v1rH11A4wtHIFRQU4IsvvsDixYvh7u60IU0G40WXX8bgwYMNeumPHDkCPz8/
CIJQbZ1ldunQxy0JtbGzkFbCOWi2ysrLkm3M9Dw8PPHz4EQfONTPY3qFDB/
nv+jIrez6igKgInTt3NvgTEXNTaZxZWVmwsbGRV6EaNGgQbty4YRRDdaorR6vVAgCaNWsmn90iRQsAS
atdlIwv4dtvv4w3t7e8XxAE90vXzyiWdu3aQaH4vzzf2tqb6RquLmelLs2bP4888/8cYbbxhs9/
DwQE50D0gKiqqt090cOXMGt2/
fNigXiIhqTpIkalLVatG7dGiEhIUhJSUFJSYTR033s2DEAMGh3mzVrhgEDBshTdy9duoQbN24YXZ8rTk
U6ceIEHBOA5WQDAPr27YszZ85U+741IPX9/
f3zxxRdYu3atObSuimrargN4pgqcFNYScnBwUFhYarFRmZ2cHBwcHeUaBn58f fv31V8yYMQNH]jx5tFN8
ZRzgaqcuXLxuMJAwfPhxrlqyRf/bz880SJUvw80FDPHz4EDk50Z29zZ06dP/
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fBgwcolLS2Vb0719Bel69ev17rsZs2a4eDBgwbbXn311UqPz8rKgpeX13wD7+PjI2/
X99gborpyunXrBhcXFyQnJ2PkyJFo0qQJ4uPj8dprr6F///

40KipCWVkKZUINTj ZYUfvKi31Du3bsHwLgXqWXL1gDKfOfV1amqciOx15aI6HmknyITHh60Xbt2Yd+
+tQadUgDkFZL013C911i1byg+b6zuKKrbNFRUUFODK1SsGOw96N2/
erLLN1YuOjkbHjh3x3XffYePGjXB3d8fKLSvx+uuvGx1bk3a9TZs2AIBbt24ZPMPx0tGPSEVGRs0jGH
r6ée6ygoCCULZXhOKFDCAONha2tLZYsWVLtaIMIMeFop0zt7REXF4cmTZqgW7duRheigIAALFiwAJmZm
SgqKkKLFi0OMeuBrg2XL1lnj55ZeNhkj1N60tW7eul/
Lubm4mHXf9+nWcP38e58+fN7pwZmZmYt68efVaTnx8PDw8P0OQLZad0OnaDRaGBjYw0g/0bez8/
PaGni2s73rAv90noVRy rOP+sv6tXVqSI707unlktERHXj50SEYc0GQaPRwNTfX12CfforRvXv38Morr8
jb79+/L1/
PbW1tAZR3Clalffv26NGjB9auXWu0T19GdZo3b47Z2s2dj9uzZyMvLQ3h40CZMmIBZz585BFIOnzpjarr
u4uAAAjh8/DkdHR5P0qY3mzZtDqVQaTDXT+/
PPP6ucyt0Q9G34smXLMGDAAIN9+mldgiBg7NixGDt2LB48eIB1ly5ZBrVbDyckJ3bt3b/
CYTcGEO5HSL4tbGTs707i6uulw4cMoLi7GsGHD8NILL8Nn7FQqFPK2mptzd3Y1Wm8r0zoaltXWDPez19
ddfAyh/CPvJZCs9PR27d+/GzZs3TZpvaWo5SUTLI8PTORHp6+1PLcXd3x40bN+pcf33PVml/
NwDQvXt3tGnTBgqdOncLbb78tb8/0zoalLiducFFZXp4qcnJixga2srrzxGRET1Jzw8HCEhIUY3/
voXx2VnZ2PUgFEAyqcqnT17FhMmTABQ3mFka2uLixcvGpxbcZEWFxcXHD9+HH379q10FCE3NxcODg50
OgRJItTG/+uqreOedd/DRRx/
hlglbcsdUbbzxxhtwdHREfHw8Ro4caZBcFRQU1FsiYGV1hR49ehisCgUAP/
zZwAwWOLCwleFlwfbfKTLEpLtWV1794dtra2KCkpMemeonnz5pg0aRKSk5Nx4cIFJhzU8Pz9/
ZGYmIiSkhL87W9/M9jXs2dPpKWl4eDBg3j06BF8fHXMHsL88MMPMXLKSK]jVarz33nv4+eefERsbi/
Dw8DqPcJgqMzMTzs70Rg+5KZVK7N69G5mZmXj //ffrrZybN2/iv//9LzIyMgqBSqdCyZUt069ZNviB/
+0GH8Pf3R3RONLY9VvXHr1i3ExcVh6dKINUpCevXqBaB8id0+ffrIvVGV2b1lzp0Gi50zsjBEjRmDmzIn
45INPOLRpUwwYMAAHDx7EKSNH8Pe/ /

10+t ro6VWRjY4MZM2Yg0joaltbWcHV1xddff43mzZtjlapVIteRiIiM+fj4wMnICceOHUPPnj317a6u
rvD398e8ef0Qn58P0zs7aDQaCIKAadOmAShvsyZPnoykpCT4+vrCy8sLKSkpOHbsmLx4DABMNnjwZCQk
JCAsLw/Tp0/
HoOSPs2bMHTK50mDdvHtLS0jB9+nQEBAQgJSXFKMbbt28 jMDAQV r6+cHNzg1KpREpKCvr371+nZENTh
7Vr12L8+PHw8fFBWFgYevfuja+++grHjx/
HyZMn5RU5L1681PXrlxucP3XqVJ0TkqioKISHhyMONBRBQUHIy8vD1glb4eHhYdChZmgbrE8SDx8+DF
tb20rvhXrl160Xs7Gx89913uH//
VpXAPknflq5fvx729vbo3Lkzfv75Z+zduxfp6elQqVQYM2YM70zs40npifbt200j0aBVqlYGbzV/
1jDheI75+fkh0joaSqVSfk+HXmhoKH755RdMmzYNOpOOqamp8PLYyMqlcV1dX7N27F6tWrUJ4eDhKSOu
hVqvx8ccfmbMaRh49e0SjR48azWOEgIEDBOKLULErK6vahKMm5URGRUKDDz5AaGio fEybNm2wd+9e90
vXD66urkhPT8cnn3wCjUYDe3t7eHt717inwdnZGWvXrkVsbCyuX7+0pUuXVplwbN+
+3eDnuXPnYsSIEYiKioIkSdizZw82b96MVqglaYfPmzQZD9dXV6WmioqJQV1laGtLQOICULYCcCAATXybB
AROYtOEAS01leqnTglOSEjAwoULsX37d1ly7dgl0Tk74/
PPPDd50PXfuXNy+fRvh4eEoLCxEeHg4Jk6cKC83C5Q/

43HgwAHMn j ObkyZNQtOmTeHq6iqv00j06AilUolu3brd55SViclvy27Tpg22bt2KXbt2Ye7cubCxscH
w4cPrrR3w8fFBZmYmNm/ejBO7duD333+Hs7MzNmzYICcbAHDu3DmDRV1EUCTs2bNN/
pygoCBIkoSkpCRERKkbiwYMHCAWMRGxS rMGbwU1tk11cXDB48GAsWrQIABAREfHUz125ciXmzImDoKAg
tG/fvtLpZlFRUADpdNi2bRuuX7+0r127YuzYsWjRogUEQUBsbCzi4+0xfft23LhxAGOGDMH+/
fVRSWNHk7+Dh1b9kkVkIDk5+ZSbm9vAumbzDSEONBSCIPAtnfVIkiRcuXJFTtYyMzMtHVKdNcY66XQ6
/OMf/9CGh4ez44STaiQ+P14J4K/g4GCullmNPn36ICAgACtXrrROKPSMunDhAi5evLhi6tSpyys7hv/
RnNmOHDX9GRkYGwsLCLB1K0o7Zr1ly4sXLhQ/LkQBHTpOgUuLi5VvqjpWfY8lomIiOrXP//
5T1y7dglvvvmmpUOhR049g8+h69evIywsDKdPn8aaNWswaNAgS4fUqL3yyitITU1Fv3795NVC8vLysG
/ fPowePdrC0dX081gnIiKqPz/88AMmTpyIuXPnysvFEQUWE47nkP41QjExMc/
sagWNSUBAAK5cuYK1S5fi1q1bUKTU6NmzIxYtWmSODG5j8TzWiYiI6k+fPnlw/
vx5k97NQVQdJIhzPoaZNmxo8CEx1N2vWLMyaNcvSYdSr57FORERUPWRBYLJIB9YbOnPKUAAABJUTEQVTP
CBARERERkdkw4SAiIiIiIrNhwkFERERERGbDhIOIiIiIiMyGCQcREREREZKNEw4iIiIiljIbJhxERER
ERGQ2TDiIiIiIiMhsmHAQEREREZHZMOEgIiIiIiKzYcJBRERERERmMw4SDiIiIiIjMhgkHERERERGZDR
MOIiIiIiIyGyYcRERERERKNkw4iIiIiIjIbBSWDgAxkiRJd+HCheLLly+XWToWoheVJEKAYGPpOIio0
RJONDhRa0kgiBq7wsLC1607hglHLZSV1X10584d00vHQUTQW]j 0AImp8wsPDy+L j48fm5+db0hSi54TI0
1j9b0gYiTliTiTiTiTiTiTiTiTiTiTiTiTiTiTiTiTiTiTiTiTiTiTiTiTiTiTiKix/4/
Xh10pL5D4SOAAAAASUVORKSCYII=" 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 (mac0S), 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
(*<*, ">7), 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/macQ0S/WSL2). If you haven't set up WSL2, you can find
instructions on the [ ] (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:**

Setting Up Ai Ready Terminal Environment




AIVOID [https://aivoid.dev]

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

e 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 Al 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) atthe 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 --1lts

nvm use --1ts

* What it does: nvm install --1lts downloads and installs the latest LTS
version of Node.js. nvm use --1ts 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 Al 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 Al 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

o 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 %

o 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 "

o 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>

o 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

o 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

o 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 Al 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. *Qpen "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 Al
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 "

Setting Up Ai Ready Terminal Environment 273



AIVOID [https://aivoid.dev]

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:**

ANRNEN

ANRNEN

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

. Node.js Check:
Node version: v20.11.1
npm version: 10.2.4

. 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:

1. command not found Errors:

o 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:

m Double-check installation: Reread the installation steps for

your specific OS and ensure you haven't missed anything.

m Restart Terminal: Always close and reopen your terminal after
installing new tools or modifying shell configuration files (like
~/.bashrc or ~/.zshrc). Alternatively, explicitly source
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~/ .bashrc or source ~/.zshrc to reload your shell
configuration.

m 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.

m 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.

2. Conflicting Python/Node.js Versions:

o 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.

o Fix:

m 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).

m 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.

m 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.

3. Permissions Errors ( Permission denied ):

o Cause: You're trying to install something in a system-protected
directory without sufficient privileges, or a script isn't marked as
executable.

o Fix:
m 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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m Script Executability: For your own shell scripts, ensure you've
run chmod +x your script.sh to grant execute permissions.

m 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 Al systems. Let's quickly recap what you've accomplished:

* You've installed Python 3.12.x, the backbone for Al 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
Al 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 Al 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 Al
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 Al-assisted and reviewed. It references official documentation and
recognized resources where relevant. =~
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