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       Introduction

      You know that strange feeling? You just finished reading an entire fifty-page chapter on asynchronous programming or access modifiers. You feel ready. You close the book, you open your code editor, you stare at the blank screen... and nothing. You have no idea where to start.

      It is not your fault. The truth is, learning to program by only reading theory is like trying to learn how to drive a car by reading the owner's manual. You can memorize every single button on the dashboard, but until you put your hands on the wheel and your feet on the pedals, you won’t ever truly know how to drive.

      That is exactly why this book was written. C# by Example is not a theoretical manual to read before going to bed; it is a practical laboratory, an intensive workbook designed to be kept open on your desk, right next to your keyboard.

      Why This Book Is Different

      There are generally two types of programming books out there: those for absolute beginners that stop at the very basics (loops and variables), and incredibly complex ones that intimidate almost everyone. This compendium bridges that gap, offering a guided path that starts from scratch but takes you deep under the hood of the language.

      Through the 150+ exercises contained in these pages, you won’t just learn the syntax of C#—you will tackle real-world problems that force you to understand the inner mechanics of the .NET runtime:

      From Basics to Modern C#: You will learn to leverage the latest features of the language, such as List Patterns and Switch Expressions, moving away from outdated, old-school coding styles.

      Memory & Performance Management: You will finally grasp the difference between the Stack and the Heap, learning how to optimize your code's performance using advanced tools like Span<T> and Memory<T>.

      Deep OOP Concepts: You will explore encapsulation and polymorphism through structured challenges, breaking down complex concepts like private protected modifiers or the inner workings of Reflection.

      
        How Each Exercise Is Structured
      

      To prevent the frustration of staring at a blank screen, every single challenge in this book follows a strict, four-step framework designed to guide your reasoning without simply handing you the answer:

      
        The Challenge: A practical scenario or a logical problem to solve.

      
        The Hints: Targeted clues about which C# classes, methods, or features to use. If you get stuck, this is your lifeline before looking at the code.

      
        The Code: The complete solution, written according to modern Clean Code guidelines.

      
        The Breakdown: A line-by-line analysis of the code. This is where we dissect why a specific solution works best.

      
        Your Workbench: Downloadable Support Files

      Programming is all about experimenting, making mistakes, debugging, and changing things to see what happens. For this reason, this book doesn't just live on paper.

      Everything is ready to run: All 150+ exercises in this book are fully digitized and organized. You will find a link to download the complete source files (or clone the official repository of the project).

      Each chapter corresponds to a fully compilable project folder. This means you won’t waste time manually copying lines of code from the page to your screen—risking typos along the way. You can launch the projects instantly in Visual Studio, VS Code, or Rider, run the code, tweak it, and see the results in real-time on your computer.

      Are you ready to stop reading theory and start writing real code? Turn the page, open your IDE, and let’s dive into the first exercise. Happy coding!

      
        
          The code files for the exercises can be found here:

      
        
          Click here to download the compressed file.
        
      

      
        Password to open the file: C#CodeCourse

    
  
    
      
       Basic Exercises

      
         Exercise 1: Integer Declaration

        
          Task: Declare an integer variable, assign it a value, and print it to the console.

        // Declare an integer variable

        int myNumber = 42;

        // Print the value to the console

        Console.WriteLine("The number is: " + myNumber);

      
      
         Exercise 2: Double Declaration

        
          Task: Declare a double variable for a decimal value and print it.

        // Declare a double variable

        double price = 19.99;

        // Print the value

        Console.WriteLine("The price is: " + price);

      
      
         Exercise 3: Character Declaration

        
          Task: Declare a char variable and print it.

        // Declare a char variable

        char grade = 'A';

        // Print the character

        Console.WriteLine("The grade is: " + grade);

      
      
         Exercise 4: Boolean Declaration

        
          Task: Declare a boolean variable and print its value.

        // Declare a boolean variable

        bool isSunny = true;

        // Print the boolean value

        Console.WriteLine("Is it sunny? " + isSunny);

      
      
         Exercise 5: Console Input

        
          Task: Read an integer from the user console input and print a greeting with it.

        // Prompt the user for input

        Console.Write("Enter your age: ");

        // Read the input, parse it to int, and store it

        int age = int.Parse(Console.ReadLine());

        // Print the result

        Console.WriteLine("You are " + age + " years old.");

      
      
         Exercise 6: Greater Than

        
          Task: Check if a number is greater than 10 and print the result.

        
        int number = 15;

        // Use the greater than operator (>)

        bool isGreater = number > 10;

        Console.WriteLine("Is greater than 10? " + isGreater);

      
      
         Exercise 7: Equality Check

        
          Task: Check if two numbers are exactly equal.

        int a = 5;

        int b = 5;

        // Use the equality operator (==)

        bool areEqual = (a == b);

        Console.WriteLine("Are they equal? " + areEqual);

      
      
         Exercise 8: Logical AND

        
          Task: Check if a number is between 10 and 20 (inclusive) using logical AND.

        int value = 15;

        // Use the logical AND operator (&&)

        bool isInRange = (value >= 10) && (value <= 20);

        Console.WriteLine("Is between 10 and 20? " + isInRange);

      
      
         Exercise 9: Logical OR and NOT

        
          Task: Check if a number is NOT equal to 5 OR is greater than 100.

        int num = 105;

        // Use logical NOT (!), OR (||), and equality (==)

        bool condition = (num != 5) || (num > 100);

        Console.WriteLine("Condition met? " + condition);

      
      
         Exercise 10: Even or Odd

        
          Task: Check if a number is even or odd using the modulo operator.

        int number = 7;

        // Use modulo operator (%) to check remainder

        if (number % 2 == 0) {

            Console.WriteLine(number + " is Even.");

        } else {

            Console.WriteLine(number + " is Odd.");

        }

      
      
         Exercise 11: Max of Two Numbers

        
          Task: Find and print the maximum of two numbers.

        int x = 10, y = 20;

        // Compare x and y

        
          if (x > y) {

            Console.WriteLine("Max is: " + x);

        } else {

            Console.WriteLine("Max is: " + y);

        }

      
      
         Exercise 12: Max of Three Numbers

        
          Task: Find the maximum of three numbers using else if.

        int a = 5, b = 15, c = 10;

        if (a >= b && a >= c) {

            Console.WriteLine("Max is a: " + a);

        } else if (b >= a && b >= c) {

            Console.WriteLine("Max is b: " + b);

        } else {

            Console.WriteLine("Max is c: " + c);

        }

      
      
         Exercise 13: Pass or Fail

        
          Task: Determine if a student passes (score >= 60) or fails.

        int score = 55;

        // Check if score is 60 or above

        if (score >= 60) {

            Console.WriteLine("Result: PASS");

        } else {

            Console.WriteLine("Result: FAIL");

        }

      
      
         Exercise 14: Leap Year Check

        
          Task: Check if a given year is a leap year.

        int year = 2024;

        // A year is a leap year if divisible by 4, except for end of centuries, unless divisible by 400

        if ((year % 4 == 0 && year % 100 != 0) || (year % 400 == 0)) {

            Console.WriteLine(year + " is a leap year.");

        } else {

            Console.WriteLine(year + " is NOT a leap year.");

        }

      
      
         Exercise 15: Days of the Week

        
          Task: Use a switch statement to print the day of the week based on an integer (1-7).

        int dayNumber = 3;

        // Switch on the dayNumber variable

        switch (dayNumber) {

            case 1: Console.WriteLine("Monday"); break;

            case 2: Console.WriteLine("Tuesday"); break;

        
              case 3: Console.WriteLine("Wednesday"); break;

            case 4: Console.WriteLine("Thursday"); break;

            case 5: Console.WriteLine("Friday"); break;

            case 6: Console.WriteLine("Saturday"); break;

            case 7: Console.WriteLine("Sunday"); break;

            default: Console.WriteLine("Invalid day number."); break;

        }

      
      
         Exercise 16: Simple Calculator

        
          Task: Perform basic math operations based on a character operator (+, -, *, /).

        double num1 = 10, num2 = 5;

        char op = '*';

        // Switch on the operator character

        switch (op) {

            case '+': Console.WriteLine(num1 + num2); break;

            case '-': Console.WriteLine(num1 - num2); break;

            case '*': Console.WriteLine(num1 * num2); break;

            case '/': Console.WriteLine(num2 != 0 ? num1 / num2 : "Cannot divide by zero"); break;

            default: Console.WriteLine("Invalid operator."); break;

        }

      
      
         Exercise 17: Traffic Light

        
          Task: Use a switch statement with strings to determine traffic light actions.

        string lightColor = "Yellow";

        // Switch on the string variable

        switch (lightColor.ToLower()) {

            case "red": Console.WriteLine("Stop!"); break;

            case "yellow": Console.WriteLine("Wait!"); break;

            case "green": Console.WriteLine("Go!"); break;

            default: Console.WriteLine("Unknown light color."); break;

        }

      
      
         Exercise 18: Count to 10

        
          Task: Print numbers from 1 to 10 using a while loop.

        int count = 1;

        // Loop while count is less than or equal to 10

        while (count <= 10) {

            Console.WriteLine(count);

            count++; // Increment the counter

        }

      
      
         Exercise 19: Sum of N Numbers

        
          Task: Calculate the sum of numbers from 1 to a user-defined N.

        int n = 5;

        
          int sum = 0;

        int i = 1;

        // Accumulate the sum

        while (i <= n) {

            sum += i;

            i++;

        }

        Console.WriteLine("Sum is: " + sum);

      
      
         Exercise 20: Count Down

        
          Task: Print a countdown from 5 to 1, then print "Blast off!".

        int timer = 5;

        // Loop while timer is greater than 0

        while (timer > 0) {

            Console.WriteLine(timer);

            timer--; // Decrement

        }

        Console.WriteLine("Blast off!");

      
      
         Exercise 21: Input Validation

        
          Task: Keep asking the user for a positive number until they provide one.

        int userInput = -1;

        // Loop until userInput is greater than 0

        while (userInput <= 0) {

            Console.Write("Enter a positive number: ");

            // Note: In a real app, use int.TryParse for safety

            userInput = int.Parse(Console.ReadLine());

        }

        Console.WriteLine("You entered: " + userInput);

      
      
         Exercise 22: Basic do-while

        
          Task: Print numbers from 1 to 3 using a do-while loop.

        int num = 1;

        // Execute at least once, then check condition

        do {

            Console.WriteLine(num);

            num++;

        } while (num <= 3);

      
      
         Exercise 23: Simple Menu

        
          Task: Display a menu and repeat until the user selects 'Q' to quit.

        string choice = "";

        // Loop until the user enters 'Q' or 'q'

        do {

        
              Console.WriteLine("Menu: [P]lay, [S]ettings, [Q]uit");

            Console.Write("Choose: ");

            choice = Console.ReadLine();

        } while (choice.ToLower() != "q");

        Console.WriteLine("Exiting program...");

      
      
         Exercise 24: Guess the Number

        
          Task: Let the user guess a hardcoded number. Ensure the loop runs at least once.

        int secretNumber = 7;

        int guess = 0;

        // Loop until the guess matches the secret number

        do {

            Console.Write("Guess the number (1-10): ");

            guess = int.Parse(Console.ReadLine());

            if (guess != secretNumber) {

                Console.WriteLine("Wrong! Try again.");

            }

        } while (guess != secretNumber);

        Console.WriteLine("Correct!");

      
      
         Exercise 25: Even Numbers

        
          Task: Print all even numbers from 2 to 20 using a for loop.

        // Initialize i=2, check i<=20, increment by 2

        for (int i = 2; i <= 20; i += 2) {

            Console.WriteLine(i);

        }

      
      
         Exercise 26: Factorial

        
          Task: Calculate the factorial of 5 (5!).

        int number = 5;

        int factorial = 1;

        // Multiply factorial by i in each iteration

        for (int i = 1; i <= number; i++) {

            factorial *= i;

        }

        Console.WriteLine("Factorial of " + number + " is: " + factorial);

      
      
         Exercise 27: Multiplication Table

        
          Task: Print the multiplication table for the number 4.

        int multiplier = 4;

        // Loop from 1 to 10

        for (int i = 1; i <= 10; i++) {

            Console.WriteLine(multiplier + " x " + i + " = " + (multiplier * i));

        }

        
      
      
         Exercise 28: The is Operator

        
          Task: Use the is operator to check if an object is a string.

        object myObj = "Hello World";

        // Check if myObj is of type string

        if (myObj is string) {

            Console.WriteLine("The object is a string!");

        } else {

            Console.WriteLine("The object is NOT a string.");

        }

      
      
         Exercise 29: The as Operator

        
          Task: Use the as operator to safely cast an object to a string. If it fails, it returns null.

        object data = 12345; // This is an int, not a string

        // Attempt to cast using 'as'. It will return null if the cast fails.

        string text = data as string;

        // Check if the cast was successful

        if (text != null) {

            Console.WriteLine("Cast successful: " + text);

        } else {

            Console.WriteLine("Cast failed. Object is not a string.");

        }

      
      
         Exercise 30: Combining is and Pattern Matching

        
          Task: Use modern C# pattern matching with is to check the type and assign it in one step.

        object[] items = { "Apple", 42, true, "Banana" };

        // Iterate through the array of objects

        foreach (object item in items) {

            // 'is string s' checks the type AND assigns it to variable 's' if true

            if (item is string s) {

                Console.WriteLine("Found a string: " + s.ToUpper());

            } else if (item is int i) {

                Console.WriteLine("Found an integer: " + (i * 2));

            } else {

                Console.WriteLine("Found another type: " + item.GetType().Name);

            }

        }

      
      
         Exercise 31: Ternary Operator

        
          Task: Use the ternary conditional operator (? :) to assign a string value based on whether a person is an adult or a minor.

        int age = 20;

        
          // Use the ternary operator as a shorthand for if/else

        // Condition ? value_if_true : value_if_false

        string status = (age >= 18) ? "Adult" : "Minor";

        Console.WriteLine("A person aged " + age + " is an " + status + ".");

      
      
         Exercise 32: Break and Continue in Loops

        
          Task: Loop from 1 to 10. Skip printing the number 5 using continue, and completely exit the loop when reaching the number 8 using break.

        // Loop from 1 to 10

        for (int i = 1; i <= 10; i++) {

            // Skip the rest of the loop body if i is 5

            if (i == 5) {

                continue;

            }

            

            // Exit the loop entirely if i is 8

            if (i == 8) {

                break;

            }

            

            Console.WriteLine("Number: " + i);

        }

      
      
         Exercise 33: Nested Loops (Rectangle Pattern)

        
          Task: Use nested for loops to print a rectangle of asterisks (*) that is 5 rows high and 4 columns wide.

        int rows = 5;

        int cols = 4;

        // Outer loop controls the rows

        for (int i = 0; i < rows; i++) {

            // Inner loop controls the columns for each row

            for (int j = 0; j < cols; j++) {

                Console.Write("* "); // Write without a new line

            }

            // Move to the next line after each row is printed

            Console.WriteLine();

        }

      
      
         Exercise 34: Basic Array and foreach Loop

        
          Task: Declare an array of integers, initialize it with 5 values, and use a foreach loop to calculate and print their total sum.

        // Declare and initialize an integer array

        int[] numbers = { 10, 25, 7, 42, 16 };

        int sum = 0;

        
        // Iterate through each element in the array

        foreach (int num in numbers) {

            sum += num; // Add current number to the total sum

        }

        Console.WriteLine("The sum of the array elements is: " + sum);

      
      
         Exercise 35: Switch Expression (Modern C#)

        
          Task: Use a modern C# switch expression to convert a numeric school grade (1 to 5) into a textual description.

        int grade = 4;

        // Use a switch expression to map the integer to a string

        // This is cleaner and more concise than a traditional switch statement

        string description = grade switch {

            5 => "Excellent",

            4 => "Very Good",

            3 => "Good",

            2 => "Sufficient",

            1 => "Fail",

            _ => "Invalid grade" // The discard pattern (_) acts as the 'default' case

        };

        Console.WriteLine("Grade " + grade + " is: " + description);

      
      
         Exercise 36: Swap Two Variables

        
          Task: Create a method that swaps the values of two integers using the ref keyword.

        int a = 10, b = 20;

        Console.WriteLine($"Before swap: a = {a}, b = {b}");

        SwapValues(ref a, ref b);

        Console.WriteLine($"After swap: a = {a}, b = {b}");

        // Method definition

        void SwapValues(ref int x, ref int y) {

            int temp = x;

            x = y; // Modifies the original variable 'a'

            y = temp; // Modifies the original variable 'b'

        }

      
      
         Exercise 37: Modify a Struct by Reference

        
          Task: Define a simple struct (which is a value type) and modify its properties using a ref parameter.

        // Define a value type (struct)

        struct Point {

        
              public int X;

            public int Y;

        }

        Point myPoint = new Point { X = 5, Y = 5 };

        Console.WriteLine($"Original: X={myPoint.X}, Y={myPoint.Y}");

        // Pass the struct by reference to modify it directly

        MovePoint(ref myPoint, 10, 15);

        Console.WriteLine($"Modified: X={myPoint.X}, Y={myPoint.Y}");

        void MovePoint(ref Point p, int newX, int newY) {

            p.X = newX;

            p.Y = newY;

        }

      
      
         Exercise 38: Increment Counter by Reference

        
          Task: Create a method that increments a counter variable directly in memory using ref.

        int counter = 0;

        // Increment the counter 5 times using a reference

        for (int i = 0; i < 5; i++) {

            IncrementCounter(ref counter);

        }

        Console.WriteLine($"Final counter value: {counter}");

        void IncrementCounter(ref int count) {

            count++; // Directly modifies the original 'counter' variable

        }

      
      
         Exercise 39: Calculate Multiple Outputs with ref

        
          Task: Calculate both the area and perimeter of a rectangle, passing the result variables by ref.

        int width = 5, height = 10;

        int area = 0, perimeter = 0;

        CalculateRectangleMetrics(width, height, ref area, ref perimeter);

        Console.WriteLine($"Area: {area}, Perimeter: {perimeter}");

        void CalculateRectangleMetrics(int w, int h, ref int a, ref int p) {

            a = w * h;

            p = 2 * (w + h);

        }

      
      
        
         Exercise 40: Ref Returns (Advanced)

        
          Task: Use a ref return to get a direct reference to an element inside an array and modify it.

        int[] scores = { 85, 90, 78 };

        Console.WriteLine($"Original scores: {string.Join(", ", scores)}");

        // Get a reference to the element at index 1 (which is 90)

        ref int secondScore = ref GetReferenceToElement(scores, 1);

        // Modifying the reference directly changes the array element

        secondScore = 100;

        Console.WriteLine($"Modified scores: {string.Join(", ", scores)}");

        // Method returning a reference

        ref int GetReferenceToElement(int[] array, int index) {

            return ref array[index];

        }

      
      
         Exercise 41: Return Min and Max from an Array

        
          Task: Find the minimum and maximum values in an integer array and return them using out parameters.

        int[] numbers = { 42, 15, 8, 99, 23 };

        int min, max; // Variables do not need to be initialized before passing to 'out'

        FindMinMax(numbers, out min, out max);

        Console.WriteLine($"Min: {min}, Max: {max}");

        void FindMinMax(int[] arr, out int minimum, out int maximum) {

            minimum = arr[0];

            maximum = arr[0];

            

            foreach (int num in arr) {

                if (num < minimum) minimum = num;

                if (num > maximum) maximum = num;

            }

        }

      
      
         Exercise 42: Divide and Get Remainder

        
          Task: Perform integer division and return both the quotient and the remainder using out.

        int dividend = 25, divisor = 4;

        int quotient, remainder;

        DivideNumbers(dividend, divisor, out quotient, out remainder);

        Console.WriteLine($"{dividend} / {dividend} = {quotient} with a remainder of {remainder}");

        
        void DivideNumbers(int a, int b, out int q, out int r) {

            q = a / b;

            r = a % b;

        }

      
      
         Exercise 43: Extract Integer and Fractional Parts

        
          Task: Separate a double into its integer and fractional parts using out.

        double number = 123.456;

        int intPart;

        double fracPart;

        ExtractParts(number, out intPart, out fracPart);

        Console.WriteLine($"Integer part: {intPart}, Fractional part: {fracPart:F3}");

        void ExtractParts(double val, out int integer, out double fractional) {

            integer = (int)val; // Truncate to get integer part

            fractional = val - integer; // Subtract to get fractional part

        }

      
      
         Exercise 44: Safe Parsing with TryParse

        
          Task: Use int.TryParse to safely convert a string to an integer, utilizing the out parameter.

        string userInput = "12345";

        int parsedNumber;

        // TryParse returns a boolean indicating success, and outputs the result

        bool isSuccess = int.TryParse(userInput, out parsedNumber);

        if (isSuccess) {

            Console.WriteLine($"Successfully parsed: {parsedNumber}");

        } else {

            Console.WriteLine("Failed to parse the string.");

        }

      
      
         Exercise 45: Split Full Name

        
          Task: Split a full name string into first and last name using out parameters.

        string fullName = "John Doe";

        string firstName, lastName;

        SplitName(fullName, out firstName, out lastName);

        Console.WriteLine($"First: {firstName}, Last: {lastName}");

        void SplitName(string name, out string first, out string last) {

            string[] parts = name.Split(' ');

        
              first = parts.Length > 0 ? parts[0] : "";

            last = parts.Length > 1 ? parts[1] : "";

        }

      
      
         Exercise 46: Validate Positive Integer Input

        
          Task: Continuously prompt the user until they enter a valid positive integer.

        int validNumber = 0;

        bool isValid = false;

        // Loop until valid data is entered

        while (!isValid) {

            Console.Write("Enter a positive integer: ");

            string input = Console.ReadLine();

            

            // Validate: must be an integer AND greater than 0

            if (int.TryParse(input, out validNumber) && validNumber > 0) {

                isValid = true;

            } else {

                Console.WriteLine("Invalid input. Please try again.");

            }

        }

        Console.WriteLine($"You entered: {validNumber}");

      
      
         Exercise 47: Validate Number in Range

        
          Task: Check if a user-provided number is within a specific range (e.g., 1 to 100).

        int userValue = 150;

        int minRange = 1, maxRange = 100;

        // Control the data bounds

        if (userValue >= minRange && userValue <= maxRange) {

            Console.WriteLine($"{userValue} is within the valid range.");

        } else {

            Console.WriteLine($"Error: {userValue} is out of bounds ({minRange}-{maxRange}).");

        }

      
      
         Exercise 48: Validate Date Format

        
          Task: Use DateTime.TryParse to ensure a string is a valid date before using it.

        string dateString = "2023-10-25";

        DateTime validDate;

        // Check if the string represents a valid date

        if (DateTime.TryParse(dateString, out validDate)) {

            Console.WriteLine($"Valid date parsed: {validDate.ToShortDateString()}");

        } else {

            Console.WriteLine("Invalid date format.");

        }

        
      
      
         Exercise 49: Check for Null or Empty Strings

        
          Task: Validate that a string is not null, empty, or consisting only of white spaces.

        string userName = "   ";

        // Use built-in methods for robust string validation

        if (string.IsNullOrWhiteSpace(userName)) {

            Console.WriteLine("Error: Username cannot be empty or just spaces.");

        } else {

            Console.WriteLine($"Welcome, {userName.Trim()}!");

        }

      
      
         Exercise 50: Basic Exception Handling (Try-Catch)

        
          Task: Use a try-catch block to control and handle a potential DivideByZeroException.

        int numerator = 10;

        int denominator = 0;

        try {

            // Attempt a risky operation

            int result = numerator / denominator;

            Console.WriteLine($"Result: {result}");

        } catch (DivideByZeroException ex) {

            // Control the error gracefully

            Console.WriteLine("Error: Cannot divide by zero.");

        }

      
      
         Exercise 51: Validate Yes/No Input

        
          Task: Ensure the user inputs exactly 'Y', 'N', 'y', or 'n'.

        string answer = "";

        bool isConfirmed = false;

        while (true) {

            Console.Write("Do you agree? (Y/N): ");

            answer = Console.ReadLine()?.Trim().ToUpper();

            

            // Validate against allowed characters

            if (answer == "Y" || answer == "N") {

                isConfirmed = (answer == "Y");

                break; // Exit loop on valid input

            }

            Console.WriteLine("Invalid choice. Please enter Y or N.");

        }

        Console.WriteLine($"Confirmation status: {isConfirmed}");

      
      
        
         Exercise 52: Check if String Contains Only Digits

        
          Task: Validate that a string consists entirely of numeric characters without using TryParse.

        string inputCode = "1234A";

        bool isAllDigits = true;

        // Iterate through each character to validate

        foreach (char c in inputCode) {

            if (!char.IsDigit(c)) {

                isAllDigits = false;

                break; // Stop at the first non-digit

            }

        }

        Console.WriteLine($"Is '{inputCode}' all digits? {isAllDigits}");

      
      
         Exercise 53: Validate Array Index Bounds

        
          Task: Check if an index is within the valid bounds of an array before accessing it.

        int[] data = { 10, 20, 30 };

        int indexToAccess = 5;

        // Control bounds to prevent IndexOutOfRangeException

        if (indexToAccess >= 0 && indexToAccess < data.Length) {

            Console.WriteLine($"Value at index {indexToAccess}: {data[indexToAccess]}");

        } else {

            Console.WriteLine($"Error: Index {indexToAccess} is out of bounds.");

        }

      
      
         Exercise 54: Modern Null Checking (C# 10+)

        
          Task: Use ArgumentNullException.ThrowIfNull to validate method parameters.

        string data = null;

        try {

            ProcessData(data);

        } catch (ArgumentNullException ex) {

            Console.WriteLine($"Caught exception: {ex.ParamName} cannot be null.");

        }

        void ProcessData(string input) {

            // Modern, concise way to validate null arguments

            ArgumentNullException.ThrowIfNull(input);

            

            Console.WriteLine($"Processing: {input}");

        }

      
      
        
         Exercise 55: Validate Email Format (Basic)

        
          Task: Perform a basic validation to check if a string contains an '@' and a '.' after the '@'.

        string email = "user@example.com";

        // Basic structural validation

        int atIndex = email.IndexOf('@');

        bool isValidEmail = atIndex > 0 &&

                            atIndex < email.Length - 1 &&

                            email.IndexOf('.', atIndex) > atIndex;

        Console.WriteLine($"Is '{email}' a valid email format? {isValidEmail}");

      
      
         Exercise 56: Implicit Casting (Widening)

        
          Task: Demonstrate implicit casting from a smaller numeric type (int) to a larger one (double).

        int myInt = 42;

        // Implicit cast: no data loss, compiler handles it automatically

        double myDouble = myInt;

        Console.WriteLine($"Int: {myInt}, Double: {myDouble}");

      
      
         Exercise 57: Explicit Casting (Narrowing)

        
          Task: Demonstrate explicit casting from double to int, noting the truncation of the decimal part.

        double myDouble = 99.99;

        // Explicit cast: requires (type) syntax. Decimal part is truncated, NOT rounded.

        int myInt = (int)myDouble;

        Console.WriteLine($"Double: {myDouble}, Casted Int: {myInt}");

      
      
         Exercise 58: Using the Convert Class

        
          Task: Use the Convert class to cast a double to an int (which rounds to the nearest even number) and a string to an int.

        double val1 = 10.5;

        double val2 = 11.5;

        string strNum = "50";

        // Convert.ToInt32 rounds to nearest even number for .5 cases

        int rounded1 = Convert.ToInt32(val1); // Results in 10

        int rounded2 = Convert.ToInt32(val2); // Results in 12

        // Convert also parses strings

        int parsed = Convert.ToInt32(strNum);

        
          Console.WriteLine($"Rounded 10.5: {rounded1}, Rounded 11.5: {rounded2}, Parsed: {parsed}");

      
      
         Exercise 59: Checked Context (Overflow Detection)

        
          Task: Use the checked keyword to throw an exception when an arithmetic operation exceeds the type's maximum limit.

        int maxInt = int.MaxValue;

        try {

            // 'checked' forces the runtime to check for overflow

            checked {

                int overflow = maxInt + 1;

            }

        } catch (OverflowException) {

            Console.WriteLine("Error: Arithmetic operation resulted in an overflow!");

        }

      
      
         Exercise 60: Unchecked Context (Overflow Wrapping)

        
          Task: Use the unchecked keyword to allow an overflow to wrap around silently without throwing an exception.

        int maxInt = int.MaxValue;

        // 'unchecked' is the default behavior in C#, but explicit here for clarity

        unchecked {

            int wrapped = maxInt + 1;

            Console.WriteLine($"Overflow wrapped around to: {wrapped}"); // Results in -2147483648

        }

      
      
         Exercise 61: Cast Enum to Integer

        
          Task: Cast an enumeration value to its underlying integer type.

        enum Days { Monday = 1, Tuesday, Wednesday, Thursday, Friday };

        Days today = Days.Wednesday;

        // Explicit cast from enum to int

        int dayNumber = (int)today;

        Console.WriteLine($"{today} is day number {dayNumber}");

      
      
         Exercise 62: Cast Integer to Enum

        
          Task: Cast an integer back to an enumeration type, including handling an invalid integer value.

        enum Status { Active = 1, Inactive = 2, Pending = 3 };

        int statusCode = 2;

        int invalidCode = 99;

        
        // Cast int to enum

        Status currentStatus = (Status)statusCode;

        Status unknownStatus = (Status)invalidCode; // C# allows this, it doesn't validate automatically

        Console.WriteLine($"Status: {currentStatus}");

        Console.WriteLine($"Is 99 defined in enum? {Enum.IsDefined(typeof(Status), invalidCode)}");

      
      
         Exercise 63: Explicit Cast Base to Derived Class

        
          Task: Cast a base class reference to a derived class reference using an explicit cast.

        class Animal { public void Eat() => Console.WriteLine("Eating..."); }

        class Dog : Animal { public void Bark() => Console.WriteLine("Woof!"); }

        Animal myAnimal = new Dog(); // Upcasting (implicit)

        // Downcasting: Explicit cast required

        Dog myDog = (Dog)myAnimal;

        myDog.Eat();

        myDog.Bark(); // Can only call Dog methods after casting

      
      
         Exercise 64: Safe Cast with as Operator

        
          Task: Use the as operator to safely attempt a cast. If it fails, it returns null instead of throwing an exception.

        class Vehicle { }

        class Car : Vehicle { public void Drive() => Console.WriteLine("Driving car..."); }

        Vehicle myVehicle = new Vehicle(); // It's a base Vehicle, NOT a Car

        // Safe cast: returns null if the cast is invalid

        Car myCar = myVehicle as Car;

        if (myCar != null) {

            myCar.Drive();

        } else {

            Console.WriteLine("Cast failed: Vehicle is not a Car.");

        }

      
      
         Exercise 65: Parse vs Convert vs Explicit Cast

        
          Task: Compare the three main ways to convert a string/double to an integer to understand their differences.

        string stringNum = "100";

        double doubleNum = 99.9;

        // 1. Explicit Cast: Truncates decimals, fails on strings

        int castResult = (int)doubleNum;

        
        // 2. Convert Class: Rounds decimals, parses strings, handles nulls (returns 0)

        int convertResult = Convert.ToInt32(doubleNum);

        int convertString = Convert.ToInt32(stringNum);

        // 3. Parse/TryParse: Strictly for strings, throws exception on invalid format (unless TryParse)

        int parseResult = int.Parse(stringNum);

        Console.WriteLine($"Cast: {castResult}, Convert: {convertResult}, Parse: {parseResult}");

      
      
         Exercise 66: Basic Verbatim String with @

        
          Task: Use the @ symbol to create a verbatim string that includes backslashes and special characters without escaping them.

        // Using @ to create a verbatim string

        // Backslashes are treated as literal characters, not escape sequences

        string path = "C:\Users\Documents\Projects";  // WRONG: \U, \D, \P are escape sequences

        string verbatimPath = @"C:\Users\Documents\Projects";  // CORRECT: treats backslashes literally

        Console.WriteLine(path);          // Output: C:UsersDocumentsProjects (incorrect)

        Console.WriteLine(verbatimPath);  // Output: C:\Users\Documents\Projects (correct)

        // Verbatim strings also preserve newlines if you break the line in code

        string multiLine = @"This is a

        multi-line

        verbatim string";

        Console.WriteLine(multiLine);

      
      
         Exercise 67: Verbatim String for File Paths

        
          Task: Demonstrate the common use case of verbatim strings for Windows file paths and SQL queries.

        // Windows file paths - much cleaner with @

        string logFilePath = @"C:\Logs\Application\error.log";

        string configPath = @"D:\Projects\MyApp\config.json";

        // SQL queries - preserves formatting and avoids escape issues

        string sqlQuery = @"SELECT Id, Name, Email

                            FROM Users

                            WHERE IsActive = 1

                            ORDER BY Name ASC";

        Console.WriteLine($"Log Path: {logFilePath}");

        Console.WriteLine($"Config Path: {configPath}");

        Console.WriteLine($"SQL Query:\n{sqlQuery}");

      
      
        
         Exercise 68: Interpolated Verbatim String (@or@@or@)

        
          Task: Combine string interpolation with verbatim strings using $@ to include variables while preserving formatting and special characters.

        string userName = "Alice";

        string folderName = "Documents";

        int fileSize = 1024;

        // Use $@ to combine interpolation and verbatim string

        // Note: $@ and @$ are both valid in C#

        string fullPath = $@"C:\Users\{userName}\{folderName}\file.txt";

        string message = $@"Dear {userName},

        Your file is located at: {fullPath}

        File size: {fileSize} KB

        Thank you,

        System";

        Console.WriteLine(fullPath);

        Console.WriteLine(message);

        // Both $@ and @$ work the same way

        string alternative = @$"Path: C:\Data\{userName}\output.csv";

        Console.WriteLine(alternative);

      
      
         Exercise 69: Escaping Quotes in Verbatim Strings

        
          Task: Learn how to include double quotes inside a verbatim string by doubling them ("").

        // In verbatim strings, you escape double quotes by writing them twice

        string jsonExample = @"{

            ""name"": ""John Doe"",

            ""age"": 30,

            ""city"": ""New York"",

            ""isActive"": true

        }";

        // SQL query with string literals

        string sqlWithQuotes = @"SELECT * FROM Products WHERE Name = ""Laptop"" AND Category = ""Electronics""";

        // XML content

        string xmlContent = @"<?xml version=""1.0"" encoding=""UTF-8""?>

        <root>

            <item id=""1"">Value 1</item>

            <item id=""2"">Value 2</item>

        </root>";

        Console.WriteLine("JSON Example:");

        Console.WriteLine(jsonExample);

        Console.WriteLine("\nSQL Query:");

        
          Console.WriteLine(sqlWithQuotes);

        Console.WriteLine("\nXML Content:");

        Console.WriteLine(xmlContent);

      
      
         Exercise 70: Multi-line Verbatim String with Interpolation

        
          Task: Create a complex multi-line formatted string (like HTML or a report) using $@ with embedded variables and preserved formatting.

        string productName = "Wireless Mouse";

        decimal price = 29.99m;

        int stock = 150;

        string category = "Electronics";

        DateTime reportDate = DateTime.Now;

        // Create a formatted HTML report using $@

        string htmlReport = $@"<!DOCTYPE html>

        <html>

        <head>

            <title>Product Report</title>

        </head>

        <body>

            <h1>Product Information</h1>

            <table border=""1"">

                <tr>

                    <td><strong>Product Name:</strong></td>

                    <td>{productName}</td>

                </tr>

                <tr>

                    <td><strong>Category:</strong></td>

                    <td>{category}</td>

                </tr>

                <tr>

                    <td><strong>Price:</strong></td>

                    <td>${price:F2}</td>

                </tr>

                <tr>

                    <td><strong>Stock:</strong></td>

                    <td>{stock} units</td>

                </tr>

                <tr>

                    <td><strong>Report Date:</strong></td>

                    <td>{reportDate:yyyy-MM-dd HH:mm:ss}</td>

                </tr>

            </table>

            <p><em>Generated automatically by the system</em></p>

        </body>

        </html>";

        Console.WriteLine(htmlReport);

        // You can also use $@ for CSV generation

        
          string csvData = $@"Id,Name,Price,Stock

        1,{productName},{price},{stock}

        2,Keyboard,49.99,75

        3,Monitor,199.99,30";

        Console.WriteLine("\nCSV Data:");

        Console.WriteLine(csvData);

      
      
         Exercise 71: Multicast Delegates

        
          Task: Create a delegate that invokes multiple methods simultaneously. Demonstrate how to add and remove methods from the invocation list.

        // Define a delegate

        public delegate void Notify(string message);

        Notify notification = null;

        // Add methods to the invocation list

        notification += SendEmail;

        notification += SendSMS;

        notification += SendPush;

        // Invoke all methods

        notification("System Update Available!");

        // Remove a method

        notification -= SendSMS;

        notification("Critical Alert!");

        void SendEmail(string msg) => Console.WriteLine($"Email: {msg}");

        void SendSMS(string msg) => Console.WriteLine($"SMS: {msg}");

        void SendPush(string msg) => Console.WriteLine($"Push: {msg}");

      
      
         Exercise 72: Standard Event Pattern (EventHandler<T>)

        
          Task: Implement the standard .NET event pattern using EventHandler<TEventArgs> to notify subscribers when a stock price changes.

        public class Stock {

            public string Symbol { get; }

            private decimal _price;

            

            // Standard event using EventHandler<T>

            public event EventHandler<StockPriceChangedEventArgs> PriceChanged;

            public Stock(string symbol, decimal price) { Symbol = symbol; _price = price; }

            public decimal Price {

                get => _price;

                set {

                    if (_price != value) {

        
                          decimal oldPrice = _price;

                        _price = value;

                        // Raise the event safely using the null-conditional operator

                        PriceChanged?.Invoke(this, new StockPriceChangedEventArgs(Symbol, oldPrice, value));

                    }

                }

            }

        }

        public class StockPriceChangedEventArgs : EventArgs {

            public string Symbol { get; }

            public decimal OldPrice { get; }

            public decimal NewPrice { get; }

            public StockPriceChangedEventArgs(string symbol, decimal oldPrice, decimal newPrice) {

                Symbol = symbol; OldPrice = oldPrice; NewPrice = newPrice;

            }

        }

        // Usage:

        var stock = new Stock("MSFT", 300m);

        stock.PriceChanged += (sender, e) => Console.WriteLine($"{e.Symbol} changed from {e.OldPrice} to {e.NewPrice}");

        stock.Price = 305m;

      
      
         Exercise 73: Custom Event Accessors (add / remove)

        
          Task: Implement custom add and remove accessors for an event to log when subscribers attach or detach, useful for debugging memory leaks.

        private EventHandler _customEvent;

        public event EventHandler CustomEvent {

            add {

                Console.WriteLine("Subscriber added.");

                _customEvent += value;

            }

            remove {

                Console.WriteLine("Subscriber removed.");

                _customEvent -= value;

            }

        }

        // Usage:

        void Handler(object? sender, EventArgs e) => Console.WriteLine("Handled!");

        CustomEvent += Handler;

        CustomEvent -= Handler;

      
      
        
         Exercise 74: Aggregate with Seed and Result Selector

        
          Task: Use the Aggregate method to calculate a running total and format it into a single string, demonstrating the seed and accumulator pattern.

        int[] numbers = { 1, 2, 3, 4, 5 };

        // Seed is "0", accumulator adds the number, result selector formats the final string

        string result = numbers.Aggregate(

            seed: 0,

            func: (total, next) => total + next,

            resultSelector: total => $"The final sum is: {total}"

        );

        Console.WriteLine(result); // Output: The final sum is: 15

      
      
         Exercise 75: SelectMany for Flattening Nested Collections

        
          Task: Use SelectMany to flatten a collection of departments, each containing a list of employees, into a single sequence of employees.

        var departments = new List<Department> {

            new Department("IT", new List<Employee> { new("Alice"), new("Bob") }),

            new Department("HR", new List<Employee> { new("Charlie") })

        };

        // Flatten the nested lists into a single IEnumerable<Employee>

        var allEmployees = departments.SelectMany(d => d.Employees);

        foreach (var emp in allEmployees) Console.WriteLine(emp.Name);

        record Department(string Name, List<Employee> Employees);

        record Employee(string Name);

      
      
         Exercise 76: Complex GroupBy with Projections

        
          Task: Group a list of sales by month, and project each group into an object containing the month and the total sales amount.

        var sales = new List<Sale> {

            new(DateTime.Parse("2023-01-15"), 100), new(DateTime.Parse("2023-01-20"), 150),

            new(DateTime.Parse("2023-02-10"), 200)

        };

        var monthlyTotals = sales

            .GroupBy(s => s.Date.Month, s => s.Amount)

            .Select(g => new { Month = g.Key, Total = g.Sum() });

        foreach (var m in monthlyTotals) Console.WriteLine($"Month {m.Month}: ${m.Total}");

        record Sale(DateTime Date, decimal Amount);

      
      
        
         Exercise 77: Deferred vs. Immediate Execution

        
          Task: Demonstrate the difference between deferred execution (IEnumerable) and immediate execution (ToList()) by modifying the source collection after the query is defined.

        List<int> numbers = new() { 1, 2, 3 };

        // Deferred: Query is not executed until enumerated

        IEnumerable<int> deferredQuery = numbers.Where(n => n > 1);

        // Immediate: Query is executed right now

        List<int> immediateList = numbers.Where(n => n > 1).ToList();

        numbers.Add(4); // Modify source collection

        Console.WriteLine("Deferred: " + string.Join(",", deferredQuery)); // 2,3,4 (Re-evaluates!)

        Console.WriteLine("Immediate: " + string.Join(",", immediateList)); // 2,3 (Snapshot taken earlier)

      
      
         Exercise 78: Custom LINQ Extension Method

        
          Task: Create a custom LINQ extension method Batch that splits a sequence into chunks of a specified size.

        public static class LinqExtensions {

            public static IEnumerable<IEnumerable<T>> Batch<T>(this IEnumerable<T> source, int size) {

                T[]? bucket = null;

                var count = 0;

                foreach (var item in source) {

                    bucket ??= new T[size];

                    bucket[count++] = item;

                    if (count == size) {

                        yield return bucket;

                        bucket = null;

                        count = 0;

                    }

                }

                if (bucket != null && count > 0) {

                    Array.Resize(ref bucket, count);

                    yield return bucket;

                }

            }

        }

        // Usage:

        var numbers = Enumerable.Range(1, 10);

        foreach (var batch in numbers.Batch(3)) {

            Console.WriteLine($"[{string.Join(", ", batch)}]");

        }

      
      
        
         Exercise 79: Task.WhenAll with Exception Handling

        
          Task: Run multiple tasks concurrently using Task.WhenAll. Demonstrate how to catch an AggregateException if one or more tasks fail.

        var task1 = Task.Run(async () => { await Task.Delay(100); return "Result 1"; });

        var task2 = Task.Run(async () => { await Task.Delay(100); throw new Exception("Task 2 failed!"); });

        var task3 = Task.Run(async () => { await Task.Delay(100); return "Result 3"; });

        try {

            // WhenAll throws the first exception by default when awaited

            string[] results = await Task.WhenAll(task1, task2, task3);

        }

        catch (Exception ex) {

            Console.WriteLine($"Caught: {ex.Message}");

            

            // To see ALL exceptions, inspect the tasks themselves

            foreach (var t in new[] { task1, task2, task3 }) {

                if (t.IsFaulted) Console.WriteLine($"Inner: {t.Exception?.InnerException?.Message}");

            }

        }

      
      
         Exercise 80: IAsyncEnumerable and await foreach

        
          Task: Create an asynchronous stream of data using IAsyncEnumerable<T> and consume it using await foreach.

        // Producer

        async IAsyncEnumerable<int> GenerateNumbersAsync() {

            for (int i = 0; i < 5; i++) {

                await Task.Delay(200); // Simulate async work

                yield return i;

            }

        }

        // Consumer

        await foreach (var number in GenerateNumbersAsync()) {

            Console.WriteLine($"Received: {number}");

        }

      
      
         Exercise 81: SemaphoreSlim for Async Throttling

        
          Task: Use SemaphoreSlim to limit the number of concurrent asynchronous operations (e.g., max 3 concurrent HTTP requests).

        var semaphore = new SemaphoreSlim(3); // Max 3 concurrent

        var tasks = new List<Task>();

        for (int i = 0; i < 10; i++) {

            tasks.Add(Task.Run(async () => {

                await semaphore.WaitAsync();

        
                  try {

                    Console.WriteLine($"Task {i} started.");

                    await Task.Delay(500); // Simulate work

                    Console.WriteLine($"Task {i} finished.");

                } finally {

                    semaphore.Release(); // Always release in finally!

                }

            }));

        }

        await Task.WhenAll(tasks);

      
      
         Exercise 82: TaskCompletionSource (Bridging Events to Async)

        
          Task: Use TaskCompletionSource<T> to wrap an event-based asynchronous pattern (EAP) into a modern Task<T>.

        var tcs = new TaskCompletionSource<string>();

        // Simulate an event-based API

        Timer timer = new Timer(_ => {

            tcs.TrySetResult("Data loaded via event!");

        }, null, 500, Timeout.Infinite);

        // Await it like a normal Task

        string result = await tcs.Task;

        Console.WriteLine(result);

      
      
         Exercise 83: ValueTask<T> for High-Performance Async

        
          Task: Use ValueTask<T> instead of Task<T> to avoid heap allocations when a method completes synchronously (e.g., reading from a cache).

        private Dictionary<int, string> _cache = new() { { 1, "Cached Data" } };

        // Returns ValueTask to avoid allocation on cache hits

        public ValueTask<string> GetDataAsync(int id) {

            if (_cache.TryGetValue(id, out string? cached)) {

                return new ValueTask<string>(cached); // Synchronous completion, no allocation!

            }

            

            // Asynchronous completion falls back to Task

            return new ValueTask<string>(FetchFromDbAsync(id));

        }

        async Task<string> FetchFromDbAsync(int id) {

            await Task.Delay(100);

            return "DB Data";

        }

        // Usage:

        string data = await GetDataAsync(1);

        Console.WriteLine(data);

        
      
      
         Exercise 84: Reading Custom Attributes

        
          Task: Define a custom attribute, apply it to a class property, and use Reflection to read its value at runtime.

        [AttributeUsage(AttributeTargets.Property)]

        public class MaxLengthAttribute : Attribute {

            public int Length { get; }

            public MaxLengthAttribute(int length) { Length = length; }

        }

        public class User {

            [MaxLength(50)]

            public string Username { get; set; } = "";

        }

        // Reflection to read attribute

        var prop = typeof(User).GetProperty("Username");

        var attr = prop?.GetCustomAttributes(typeof(MaxLengthAttribute), false)

                        .FirstOrDefault() as MaxLengthAttribute;

        Console.WriteLine($"Max length for Username: {attr?.Length}");

      
      
         Exercise 85: Dynamic Instantiation with Activator

        
          Task: Use Activator.CreateInstance to instantiate a class dynamically when the type is only known at runtime (e.g., from a string).

        string typeName = "System.Collections.Generic.List`1[[System.String]]";

        Type? listType = Type.GetType(typeName);

        if (listType != null) {

            // Create instance dynamically

            dynamic myList = Activator.CreateInstance(listType)!;

            myList.Add("Hello");

            myList.Add("Reflection");

            

            Console.WriteLine($"Count: {myList.Count}");

        }

      
      
         Exercise 86: Invoking Methods via Reflection

        
          Task: Use Reflection to find a method by name and invoke it dynamically, passing arguments.

        public class Calculator {

            public int Add(int a, int b) => a + b;

        }

        var calc = new Calculator();

        var methodInfo = typeof(Calculator).GetMethod("Add");

        
          // Invoke method dynamically

        object? result = methodInfo?.Invoke(calc, new object[] { 5, 10 });

        Console.WriteLine($"Result: {result}");

      
      
         Exercise 87: Scanning Assemblies for Implementations

        
          Task: Scan the current assembly to find all classes that implement a specific interface (IPlugin) and instantiate them.

        public interface IPlugin { void Execute(); }

        public class PluginA : IPlugin { public void Execute() => Console.WriteLine("A"); }

        public class PluginB : IPlugin { public void Execute() => Console.WriteLine("B"); }

        // Find all types implementing IPlugin

        var pluginTypes = Assembly.GetExecutingAssembly()

            .GetTypes()

            .Where(t => t.IsClass && !t.IsAbstract && typeof(IPlugin).IsAssignableFrom(t));

        foreach (var type in pluginTypes) {

            IPlugin plugin = (IPlugin)Activator.CreateInstance(type)!;

            plugin.Execute();

        }

      
      
         Exercise 88: record Types and with Expressions

        
          Task: Use a record to create an immutable object, and use the with expression to create a modified copy without mutating the original.

        public record Person(string FirstName, string LastName, int Age);

        var original = new Person("John", "Doe", 30);

        // 'with' creates a shallow copy and modifies specified properties

        var modified = original with { Age = 31, LastName = "Smith" };

        Console.WriteLine($"Original: {original}"); // Person { FirstName = John, LastName = Doe, Age = 30 }

        Console.WriteLine($"Modified: {modified}"); // Person { FirstName = John, LastName = Smith, Age = 31 }

      
      
         Exercise 89: Positional Patterns with Records

        
          Task: Use positional pattern matching to deconstruct a record and evaluate its properties simultaneously in a switch expression.

        public record Point(int X, int Y);

        Point p = new Point(0, 0);

        string location = p switch {

            (0, 0) => "Origin",

            (0, _) => "On Y-axis",

        
              (_, 0) => "On X-axis",

            ( > 0, > 0) => "Quadrant I",

            ( < 0, > 0) => "Quadrant II",

            ( < 0, < 0) => "Quadrant III",

            ( > 0, < 0) => "Quadrant IV",

            _ => "Unknown"

        };

        Console.WriteLine(location); // Output: Origin

      
      
         Exercise 90: List Patterns (C# 11)

        
          Task: Use list patterns to match the contents and length of an array or list directly in a switch or if statement.

        int[] numbers = { 1, 2, 3, 4, 5 };

        string description = numbers switch {

            [] => "Empty array",

            [var single] => $"Single element: {single}",

            [var first, var second, ..] => $"Starts with {first} and {second}",

            [.., var last] => $"Ends with {last}",

            [1, 2, 3, ..] => "Starts with 1, 2, 3",

            _ => "Other"

        };

        Console.WriteLine(description); // Output: Starts with 1 and 2

      
      
         Exercise 91: Property Patterns and Relational Patterns

        
          Task: Combine property patterns with relational operators (<, >, <=, >=) to evaluate complex object states.

        public class Order { public decimal Total { get; set; } public string Status { get; set; } = ""; }

        Order order = new() { Total = 150.00m, Status = "Pending" };

        string discount = order switch {

            { Total: > 1000, Status: "Completed" } => "20% VIP Discount",

            { Total: > 100, Status: "Pending" } => "10% Pending Discount",

            { Total: <= 100 } => "No discount",

            _ => "Standard processing"

        };

        Console.WriteLine(discount); // Output: 10% Pending Discount

      
      
         Exercise 92: Span<T> for Zero-Allocation Slicing

        
          Task: Use Span<T> to slice an array without allocating new memory. Demonstrate how modifying the span modifies the original array.

        int[] originalArray = { 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 };

        
        // Create a span over the original array (no allocation)

        Span<int> slice = originalArray.AsSpan(2, 4); // Takes elements at index 2, 3, 4, 5

        // Modify the span

        slice[0] = 99;

        // The original array is modified!

        Console.WriteLine($"Original array[2]: {originalArray[2]}"); // Output: 99

      
      
         Exercise 93: ReadOnlySpan<T> for String Parsing

        
          Task: Use ReadOnlySpan<char> to parse a string without allocating substrings, significantly reducing GC pressure in high-throughput scenarios.

        string csvLine = "Alice,30,Engineer";

        ReadOnlySpan<char> span = csvLine.AsSpan();

        int firstComma = span.IndexOf(',');

        ReadOnlySpan<char> nameSpan = span.Slice(0, firstComma);

        int secondComma = span.Slice(firstComma + 1).IndexOf(',');

        ReadOnlySpan<char> ageSpan = span.Slice(firstComma + 1, secondComma);

        // Parse directly from span (C# handles this efficiently)

        int age = int.Parse(ageSpan);

        Console.WriteLine($"Name: {nameSpan.ToString()}, Age: {age}");

      
      
         Exercise 94: ArrayPool<T> for Renting Arrays

        
          Task: Use ArrayPool<T> to rent and return large arrays, avoiding frequent Large Object Heap (LOH) allocations.

        // Rent an array of at least 1000 elements

        int[] rentedArray = ArrayPool<int>.Shared.Rent(1000);

        try {

            // Note: The returned array might be LARGER than requested!

            // Always use the exact length you need, not rentedArray.Length.

            for (int i = 0; i < 1000; i++) {

                rentedArray[i] = i;

            }

            Console.WriteLine($"Rented array actual size: {rentedArray.Length}");

        }

        finally {

            // ALWAYS return the array to the pool

            ArrayPool<int>.Shared.Return(rentedArray, clearArray: true);

        }

      
      
        
         Exercise 95: Memory<T> for Heap/Stack Agnostic Slicing

        
          Task: Use Memory<T> which can wrap both heap arrays and managed memory, allowing asynchronous methods to work with memory slices (unlike Span<T> which cannot be used in async methods).

        int[] data = { 10, 20, 30, 40, 50 };

        Memory<int> memory = data.AsMemory(1, 3); // Wraps 20, 30, 40

        // Memory<T> CAN be used in async methods

        await ProcessMemoryAsync(memory);

        async Task ProcessMemoryAsync(Memory<int> mem) {

            await Task.Delay(10);

            // Convert to Span<T> synchronously inside the async method to do work

            Span<int> span = mem.Span;

            span[0] = 99; // Modifies the original array

        }

        Console.WriteLine($"Original data[1]: {data[1]}"); // Output: 99
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         Exercise 99: Thread-Safe Lazy Initialization

        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
      
      
         Exercise 100: WeakReference<T> for Caching
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                   Exercise 8: Array Processing

                



                		

                   Exercise 9: Inventory Management

                



                		

                   Exercise 10: Date Formatting

                



                		

                   Exercise 11: User Profile Update

                



                		

                   Exercise 12: Refactoring - Making a method Stateless

                



                		

                   Exercise 13: Refactoring - Fixing a Compile Error

                



                		

                   Exercise 14: Identify the Method Types

                



                		

                   Exercise 15: Advanced - Text Processor

                



                		

                   This exercise shows a robust architecture. The complex logic of counting words is kept stateless (CountWords) so it can be tested independently. The stateful method (ProcessText) acts as the orchestrator, taking the input, storing it in memory (_rawText), and updating the state (_wordCount).
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                   Exercise 2: Constructor Overloading
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                   Exercise 4: Overloading with ref and out Parameters

                



                		

                   Exercise 5: Operator Overloading

                



                		

                   Exercise 6: Overloading with params vs Exact Match

                



                		

                   Exercise 7: Overloading Generic Methods

                



                		

                   Exercise 8: Overloading Indexers

                



                		

                   Exercise 9: Overloading Conversion Operators (implicit & explicit)

                



                		

                   Exercise 10: Overloading Extension Methods

                



                		

                   Exercise 11: Overloading with Nullable Value Types

                



                		

                   Exercise 7: Overloading with Tuples (C# 7+)

                



                		

                   Exercise 13: Overloading with Delegates (Action vs Func)

                



                		

                   Exercise 14: Overloading in Interfaces (Default Interface Methods - C# 8+)

                



                		

                   Exercise 15: Overloading with the dynamic Keyword (Runtime Resolution)

                



              



            



            		

               Method Signatures

              

                		

                   Exercise 1: Basic Signature Anatomy

                



                		

                   Exercise 2: Method Overloading and Signature Rules

                



                		

                   Exercise 3: The ref Parameter Modifier

                



                		

                   Exercise 4: The out Parameter Modifier

                



                		

                   Exercise 5: The params Keyword

                



                		

                   Exercise 6: Optional Parameters (Default Values)

                



                		

                   Exercise 7: Named Arguments

                



                		

                   Task: Call the method from Exercise 6 using named arguments to skip the optional role parameter and only set

                



                		

                   Exercise 8: Access Modifiers in Signatures

                



                		

                   Exercise 9: The static Modifier

                



                		

                   Exercise 10: Virtual and Override (Inheritance Signatures)

                



                		

                   Exercise 11: Extension Method Signatures

                



                		

                   Exercise 12: Tuple Return Types in Signatures

                



                		

                   Exercise 13: Async Method Signatures

                



                		

                   Exercise 14: Using Delegates (Func/Action) in Signatures

                



                		

                   Exercise 15: Interface Implementation (Strict Signature Matching)

                



              



            



            		

              Name Hiding (Shadowing)

              

                		

                   Exercise 1: Basic Name Hiding with the new Keyword

                



                		

                   Exercise 2: Hiding Without the new Keyword (Compiler Warning)

                



                		

                   Exercise 3: Name Hiding (new) vs Polymorphism (override)

                



                		

                   Exercise 4: Hiding Properties and Fields

                



                		

                   Exercise 5: Accessing Hidden Members (base and Casting)
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                   Exercise 1: Basic GET Request and String Response

                



                		

                   Exercise 2: Reading Response as a Stream

                



                		

                   Exercise 3: Checking HTTP Status Codes

                



                		

                   Exercise 4: Adding Custom Headers (User-Agent, Accept)

                



                		

                   Exercise 5: Handling Timeouts

                



                		

                   Exercise 6: Using HttpRequestMessage for Complex GETs

                



                		

                   Exercise 7: Building Query Parameters

                



                		

                   Exercise 8: Reading Response Headers

                



                		

                   Exercise 9: Deserializing JSON Response to Strongly-Typed Objects

                



                		

                   Exercise 10: Handling HttpRequestException

                



                		

                   Exercise 11: POST Request with StringContent

                



                		

                   Exercise 12: POST Request with JsonContent (.NET 6+)

                



                		

                   Exercise 13: PUT Request to Update a Resource

                



                		

                   Exercise 14: DELETE Request

                



                		

                   Exercise 15: Sending Form-UrlEncoded Content

                



                		

                   Exercise 16: The Socket Exhaustion Problem

                



                		

                   Exercise 17: Setting up IHttpClientFactory in a Console App

                



                		

                   Exercise 18: Named Clients with Base Address

                



                		

                   Exercise 19: Typed Clients (Best Practice)

                



                		

                   Exercise 20: Adding Transient Fault Handling (Polly Concept)

                



                		

                   Exercise 21: Cancelling an HTTP Request

                



                		

                   Exercise 22: Downloading a File as Bytes

                



                		

                   Exercise 23: Uploading a File with MultipartFormDataContent

                



                		

                   Exercise 25: Robust API Wrapper Class

                



              



            



            		

              Pass by Value vs Pass by Reference

              

                		

                   Exercise 1: Value Type Passed by Value

                



                		

                   Exercise 2: Struct Passed by Value

                



                		

                   Exercise 3: Reference Type Passed by Value (Mutating State)

                



                		

                   Exercise 4: Reference Type Passed by Value (Reassigning Reference)

                



                		

                   Exercise 5: Array Passed by Value (Elements vs Reference)

                



                		

                   Exercise 6: The String Exception (Immutability)

                



                		

                   Exercise 7: ref with Value Type

                



                		

                   Exercise 8: ref with Reference Type (Reassigning)

                



                		

                   Exercise 9: ref with Struct

                



                		

                   Exercise 10: out for Multiple Return Values

                



                		

                   Exercise 11: out with Reference Type (Instantiation)

                



                		

                   Exercise 12: in for Read-Only Reference

                



                		

                   Exercise 13: ref Local Variables

                



                		

                   Exercise 14: Classic Swap Method using ref

                



                		

                   Exercise 15: Recursion: Pass by Value vs ref Accumulator
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                   Exercise 1: Basic Runtime Polymorphism (Virtual & Override)

                



                		

                   Exercise 2: Polymorphism with Collections

                



                		

                   Exercise 3: Interface Polymorphism (Unrelated Classes)

                



                		

                   Exercise 4: Extending Base Behavior with the base Keyword

                



                		

                   Exercise 5: Type Checking in Polymorphism (is and Pattern Matching)
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                   Exercise 3: Primary Constructors with Default Values

                



                		

                   Exercise 4: Adding Explicit Secondary Constructors

                



                		

                   Exercise 5: Primary Constructors in Structs

                



                		

                   Exercise 6: Inheritance and the base(...) Call

                



                		

                   Exercise 7: Clean Dependency Injection

                



                		

                   Exercise 8: Parameter Shadowing in Methods

                



                		

                   Exercise 9: Initializing Properties with Primary Parameters

                



                		

                   Exercise 10: Primary Constructors: Class vs Record

                



              



            



            		

               Raw String Literals

              

                		

                   Exercise 1: Basic Raw String Literal

                



                		

                   Exercise 2: Including Double Quotes Inside

                



                		

                   Exercise 3: Handling Content with Three Quotes (Increasing Delimiters)

                



                		

                   Exercise 4: Whitespace and Indentation Stripping

                



                		

                   Exercise 5: Single Interpolation in Raw Strings ($""")

                



                		

                   Exercise 6: Double Interpolation for Literal Braces ($$""")

                



                		

                   Exercise 7: Triple Interpolation ($$$""")

                



                		

                   Exercise 8: Raw Strings for Regex and File Paths

                



                		

                   Exercise 9: Multi-line HTML Generation

                



                		

                   Exercise 10: Raw String Literals vs Verbatim Strings (Comparison)

                



              



            



            		

              Stack – Heap

              

                		

                   Exercise 1: Local Value Types (Stack Allocation)

                



                		

                   Exercise 2: Reference Types (Stack Reference + Heap Object)

                



                		

                   Exercise 3: Arrays (Always on the Heap)

                



                		

                   Exercise 4: Strings (Heap and String Interning)

                



                		

                   Exercise 5: Pure Struct (Stack Allocation)

                



                		

                   Exercise 6: Struct Containing a Class (Mixed Allocation)

                



                		

                   Exercise 7: Class Containing a Struct (All on Heap)

                



                		

                   Exercise 8: Array of Structs vs Array of Classes

                



                		

                   Exercise 9: Boxing (Stack to Heap)

                



                		

                   Exercise 10: Unboxing (Heap to Stack)

                



                		

                   Exercise 11: Performance Impact of Boxing in Collections

                



                		

                   Exercise 12: Aliasing (Two Stack Refs, One Heap Object)

                



                		

                   Exercise 13: Deep Copy vs Shallow Copy (Memory Implications)

                



                		

                   Exercise 14: Breaking the Reference (Setting to Null)

                



                		

                   Exercise 15: Object Eligibility for Garbage Collection

                



                		

                   Exercise 16: Finalizer vs IDisposable (Heap Cleanup)

                



                		

                   Exercise 17: stackalloc and Span<T> (Direct Stack Memory)

                



                		

                   Exercise 18: ref struct (Forcing Stack-Only Lifetime)

                



                		

                   Exercise 19: Closures Capturing Variables (Stack to Heap Promotion)

                



                		

                   Exercise 20: StackOverflowException (Stack Limits)

                



              



            



            		

              Struct

              

                		

                   Exercise 1: Value Type Semantics (Struct vs Class)

                



                		

                   Exercise 2: Creating a Functional Struct (2D Vector)

                



                		

                   Exercise 3: Passing Structs to Methods (Value vs ref)

                



                		

                   Exercise 4: Implementing Interfaces in Structs (Avoiding Boxing)

                



                		

                   Exercise 5: Readonly Structs (Immutability)

                



                		

                   Exercise 6: Nullable Structs (Nullable<T>)

                



                		

                   Exercise 7: Parameterless Constructors and Field Initializers (C# 10+)

                



                		

                   Exercise 8: record struct and Value Equality (C# 10+)

                



              



            



            		

              This

              

                		

                   Exercise 1: Disambiguating Fields and Parameters

                



                		

                   Exercise 2: Passing the Current Instance as a Parameter

                



                		

                   Exercise 3: Constructor Chaining

                



                		

                   Exercise 4: Creating Extension Methods

                



                		

                   Exercise 5: Defining Indexers

                



              



            



            		

               Thread Synchronization and Concurrent Collections

              

                		

                   Exercise 1: Demonstrating a Race Condition (Unsafe)

                



                		

                   Exercise 2: Fixing the Race Condition with lock

                



                		

                   Exercise 3: The Monitor Class (Under the hood of lock)

                



                		

                   Exercise 4: Atomic Operations with Interlocked

                



                		

                   Exercise 5: Preventing Deadlocks (Lock Ordering)

                



                		

                   Exercise 6: SemaphoreSlim for Resource Pooling

                



                		

                   Exercise 7: ReaderWriterLockSlim for Read-Heavy Scenarios

                



                		

                   Exercise 8: Thread Signaling with ManualResetEventSlim

                



                		

                   Exercise 9: ConcurrentQueue<T> Producer-Consumer Pattern

                



                		

                   Exercise 10: ConcurrentStack<T> for LIFO Processing

                



                		

                   Exercise 11: ConcurrentBag<T> for Thread-Local Optimization

                



                		

                   Exercise 12: BlockingCollection<T> with Bounded Capacity

                



                		

                   Exercise 13: Basic ConcurrentDictionary Operations

                



                		

                   Exercise 14: Atomic GetOrAdd and AddOrUpdate

                



                		

                   Exercise 15: The GetOrAdd Factory Pitfall (Important!)

                



                		

                   Exercise 16: lock vs ConcurrentDictionary Performance

                



                		

                   Exercise 17: Channel<T> (Modern Producer-Consumer)

                



                		

                   Exercise 18: Async Mutual Exclusion using SemaphoreSlim

                



                		

                   Exercise 19: Using volatile for Memory Visibility

                



                		

                   Exercise 20: Lazy<T> Thread Safety Modes

                



              



            



            		

               Virtual Methods

              

                		

                   Exercise 1: Basic Virtual Method Definition

                



                		

                   Exercise 2: Polymorphism in Action

                



                		

                   Exercise 3: Calling the Base Implementation

                



                		

                   Exercise 4: Non-Virtual Methods (Early Binding)

                



                		

                   Exercise 5: Virtual Properties

                



                		

                   Exercise 6: Abstract vs Virtual

                



                		

                   Exercise 7: Sealed Override

                



                		

                   Exercise 8: Virtual Methods with Parameters

                



                		

                   Exercise 9: Virtual Methods and Constructors (Caution!)

                



                		

                   Exercise 10: Virtual Methods in Interfaces (C# 8+)

                



                		

                   Exercise 11: Multi-Level Inheritance with Virtual

                



                		

                   Exercise 12: Virtual Method with Different Access Modifiers

                



                		

                   Exercise 13: Template Method Pattern

                



                		

                   Exercise 14: Virtual Method Return Type Covariance

                



                		

                   Exercise 15: Virtual vs New - Understanding the Difference

                



              



            



            		

               Modern C#

              

                		

                   Exercise 1: params ReadOnlySpan<T> for Zero-Allocation APIs

                



                		

                   Exercise 2: Using Collection Expressions with params

                



                		

                   Exercise 3: params IEnumerable<T> for Maximum Flexibility

                



                		

                   Exercise 4: Mixing Standard Parameters with params Collections

                



                		

                   Exercise 5: Overload Resolution with params

                



                		

                   Exercise 6: params with scoped for Memory Safety

                



                		

                   Exercise 7: Basic Lambda with Default Parameters

                



                		

                   Exercise 8: Multiple Default Parameters in a Lambda

                



                		

                   Exercise 9: Default Parameters in Action Delegates

                



                		

                   Exercise 10: Default Parameters in LINQ Custom Extensions

                



                		

                   Exercise 11: Expression-Bodied Members vs Lambdas

                



                		

                   Exercise 12: Combining params and Default Parameters in Lambdas

                



                		

                   Exercise 13: Basic ref readonly for Large Structs

                



                		

                   Exercise 14: ref readonly vs in Keyword

                



                		

                   Exercise 15: ref readonly Return Values

                



                		

                   Exercise 16: Passing Properties by ref readonly

                



                		

                   Exercise 17: ref readonly in Interface Implementations

                



                		

                   Exercise 18: ref readonly with readonly struct

                



                		

                   Exercise 19: Concept of C# 12 Interceptors

                



                		

                   Exercise 20: Simulating Interception with the Decorator Pattern

                



                		

                   Exercise 21: Dynamic Interception using DispatchProxy

                



                		

                   Exercise 22: Virtual Methods for Simple Interception

                



                		

                   Exercise 23: Intercepting Property Access

                



                		

                   Exercise 24: Limitations of Native C# Interception

                



                		

                   Exercise 25: Extension Method on a Primitive Type (int)

                



                		

                   Exercise 26: Extension Method on an Interface

                



                		

                   Exercise 27: Extension Method on a Generic Type

                



                		

                   Exercise 28: Extension Method Handling null Safely

                



                		

                   Exercise 29: Extension Method on an Enum

                



                		

                   Exercise 30: Extension Method on a record Type

                



                		

                   Exercise 31: High-Performance Telemetry Sink (params ReadOnlySpan + ref readonly)

                



                		

                   Exercise 32: Generic Math Fluent API (INumber<T> + Extension Methods)

                



                		

                   Exercise 33: Advanced AOP Caching Proxy (DispatchProxy + Pattern Matching)

                



                		

                   Exercise 34: Zero-Allocation Parser with ref readonly Lookup Tables

                



                		

                   Exercise 35: Asynchronous Pipeline Configuration (Lambda Defaults + IAsyncEnumerable)
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