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1 

Introduction to Data 
Structures and Algorithms 

Overview 

 

In this chapter, we explore the fundamentals of Data Structures and 
Algorithms (DSA), covering their definitions, importance, real-world 
applications, and essential tools for practice. Prepare yourself for a 
comprehensive journey that will empower you to build problem-solving 
skills, write efficient code, and understand how DSA powers 
technologies we use every day. 
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2 

Mathematical and 
Programming Foundations 

Overview 

 

In this chapter, we explore the mathematical and programming 
basics essential for understanding Data Structures and Algorithms. 
We cover number systems, logarithms, and growth rates to build a 
foundation for algorithm analysis, revisit control structures that shape 
program logic, and learn how to design solutions using pseudocode 
and flowcharts. We also examine debugging and tracing techniques 
to identify and fix errors effectively. Prepare yourself for a solid 
journey into the fundamentals that will strengthen your problem-
solving and coding skills. 
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4 

Arrays and Their 
Applications 

Overview 

 

In this chapter, we explore arrays, covering their fundamentals, 
structures, and operations. You will learn how to create, access, and 
modify arrays, understand the difference between one-dimensional 
and multi-dimensional arrays, and see their practical applications in 
real-world scenarios such as images and game boards. Prepare 
yourself for a comprehensive journey that will strengthen your ability 
to organize and manipulate data efficiently using arrays. 
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5 

Strings and Pattern 
Problems 

Overview 

 

In this chapter, we explore strings, examining their properties, 
common operations, and role in programming. You will gain insights 
into manipulating text through concatenation, slicing, searching, and 
replacing, as well as learn about powerful pattern matching algorithms 
such as Naïve, KMP, and Rabin-Karp. Prepare yourself for an in-
depth journey that will equip you with the skills to handle text 
processing and searching tasks effectively in real-world applications. 
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# Extract characters from index 0 to 6 (not including 6)  
slice_text = text[0:6]  
print(slice_text)  # Output: Progra  
 
# Extract last three characters  
print(text[ - 3:])  # Output: ing  

3. Searching 
Finding a substring or character in a string. 
sentence = "Python is fun"  
# Find the index of "fun"  
index = sentence.find("fun")  
print(index)  # Output: 10  
 
# Check if substring exists  
print("Python" in sentence)  # Output: True  

4. Replacing 
Changing specific parts of a string. 
text = "I love Java"  
new_text = text.replace("Java", "Python")  
print(new_text)  # Output: I love Python  

5. Splitting and Joining 
Breaking a string into a list or joining a list into a string. 
sentence = "Data Science is amazing"  
words = sentence.split()  # Split by spaces  
print(words)  # Output: ['Data', 'Science', 'is', 'amazing']  
 
joined = " - ".join(words)  
print(joined)  # Output: Data - Science - is - amazing  

6. Other Useful Operations 
text = "hello world"  
print(text.upper())  # Output: HELLO WORLD  
print(text.lower())  # Output: hello world  
print(text.capitalize())  # Output: Hello world  
print(len (text))  # Output: 11  

Pattern Matching 
Pattern matching involves finding a sequence of characters (pattern) within a larger text. It is 
essential in tasks like search engines, spell checking, and DNA sequence analysis. We will 
discuss three popular algorithms: 
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    d = 256  
    n = len(text)  
    m = len(pattern)  
    h = pow(d, m - 1) % q  
    p = 0  # Hash for pattern  
    t = 0  # Hash for text window  
 
    # Initial hash values  
    for i in range(m):  
        p = (d * p + ord(pattern[i])) % q  
        t = (d * t + ord(text[i])) % q  
 
    for i in range(n -  m + 1):  
        if p == t:  
            if text[i:i+m] == pattern:  
                print("Pattern found at index", i)  
        if i < n -  m: 
            t = (d * (t -  ord(text[i]) * h) + ord(text[i+m])) % q  
            if t < 0:  
                t += q  
 
# Example usage  
rabin_karp("hello world", "world")  

Real-Life Examples 
Spell Checking 

Spell checkers use string comparison and pattern matching to suggest corrections for 
misspelled words. 
# Simple example using Levenshtein distance (edit distance)  
def levenshtein(a, b):  
    m, n = len(a), len(b)  
    dp = [[0]*(n+1) for _ in range(m+1)]  
    for i in range(m+1):  
        for j in range(n+1):  
            if i == 0:  
                dp[i][j] = j  
            elif j == 0:  
                dp[i][j] = i  
            elif a[i - 1] == b[j - 1]:  
                dp[i][j] = dp[i - 1][j - 1]  
            else:  
                dp[i][j] = 1 + min(dp[i - 1][j], dp[i][j - 1], dp [i - 1][j -
1])  
    return dp[m][n]  
 
print("Edit distance:", levenshtein("hello", "helo"))  
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Summary 
Strings are a powerful data type that allows programmers to handle textual data efficiently. 
Mastering string operations, such as concatenation, slicing, searching, and replacing, forms the 
foundation for more advanced tasks like pattern matching. Algorithms like Naïve, KMP, and 
Rabin-Karp provide efficient methods for searching patterns in text, which is crucial in 
applications like search engines, spell checkers, and document processing. By practicing string 
operations and pattern matching, students can build essential programming skills that are widely 
applicable in real-world software development. 
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6 

Recursion and Backtracking 
Techniques 

Overview 

 

In this chapter, we explore recursion and backtracking, covering 
their core concepts, visualization, and significance in problem-
solving. You will learn how recursion simplifies complex problems 
like factorial, Fibonacci, and Towers of Hanoi, and how backtracking 
provides solutions to constraint-based challenges such as N-
Queens, Sudoku, and maze navigation. Prepare yourself for a 
comprehensive journey that will enhance your ability to break down 
problems systematically and apply powerful techniques used in both 
academic and real-world applications, including GPS pathfinding. 
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Python Code:  
def is_valid(board, row, col, num):  
    # Check row  
    if num in board[row]:  
        return False  
    # Check column  
    if num in [board[i][col] for i in range(9)]:  
        return False  
    # Check 3x3 subgrid  
    start_row, start_col = 3*(row//3), 3*(col//3)  
    for i in range(start_row, start_row+3):  
        for j in range(start_col, start_col+3):  
            if board[i][j] == num:  
                return False  
    return True  
 
def solve_sudoku(board):  
    for i in range(9):  
        for j in range(9):  
            if board[i][j] == 0:  # Empty cell  
                for num in range(1, 10):  
                    if is_valid(board, i, j, num):  
                        board[i][j] = num  
                        if solve_sudoku(board):  
                            return True  
                        board[i][j] = 0  # Backtrack  
                return False  
    return True  

c) Maze Solver 
Problem Statement:  

Given a maze represented as a grid of 0s (blocked) and 1s (open), find a path from the start to 
the exit using backtracking. 

Python Code:  
def is_safe(maze, x, y, n):  
    return 0 <= x < n and 0 <= y < n and maze[x][y] == 1  
 
def solve_maze_util(maze, x, y, sol, n):  
    if x == n - 1 and y == n - 1 and maze[x][y] == 1:  
        sol[x][y] = 1  
        return True  
    if is_safe(maze, x, y, n):  
        sol[x][y] = 1  
        # Move right  
        if solve_maze_util(maze, x, y+1, sol, n):  
            return True  
        # Move down  
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7 

Linked Lists: Concepts and 
Variations 

Overview 

 

In this chapter, we explore linked lists, covering their types, 
operations, and practical uses. You will learn the differences 
between linked lists and arrays, implement singly, doubly, and 
circular linked lists in Python, and see real-life applications such as 
music playlists and browser history. Prepare yourself for a focused 
journey that will build your ability to organize and manipulate 
dynamic collections of data. 
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    def insert_at_head(self, data):  
        """Insert new node at the beginning (O(1))."""  
        new_node = Node(data)  
        new_node.next = self.head  
        self.head = new_node  
 
    def insert_at_tail(self, data):  
        """Insert new node at the end (O(n) unless tail pointer 
kept)."""  
        new_node = Node(data)  
        if not self.head:  
            self.head = new_node  
            return  
        last = self.head  
        while last.next:  
            last = last.next  
        last.next = new_node  
 
    def insert_at_position(self, pos, data):  
        """Insert at index pos (0 - based)."""  
        if pos == 0:  
            self.insert_at_head(data)  
            return  
        new_node = Node(data)  
        cur = self.head  
        idx = 0  
        while cur and idx < pos -  1:  
            cur = cur.next  
            idx += 1  
        if not cur:  
            raise IndexError("Position out of bounds")  
        new_node.next = cur.next  
        cur.next = new_node  
 
    def delete_by_value(self, key):  
        """Delete first node with value == key."""  
        cur = self.head  
        prev = None  
        while cur and cur.data != key:  
            prev = cur  
            cur = cur.next  
        if not cur:  # not found  
            return False  
        if not prev:  # deleting head  
            self.head = cur.next  
        else:  
            prev.next = cur.next  
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Circular Linked Lists 
In a circular linked list, the last node points back to the head. This can be a singly or doubly 
circular list. Useful for round-robin scheduling, playlists, etc. 

Characteristic: No None at the end; traversal must stop when we return to start. 

Python Example (circular singly list operations)  
class CNode:  
    def __init__(self, data):  
        self.data = data  
        self.next = None  
 
class CircularSinglyLinkedList:  
    def __init__(self):  
        self.head = None  
 
    def traverse(self):  
        if not self.head:  
            print('Empty')  
            return  
        cur = self.head  
        while True:  
            print(cur.data , end=' - > ')  
            cur = cur.next  
            if cur == self.head:  
                break  
        print('(back to head)')  
 
    def insert_at_end(self, data):  
        new_node = CNode(data)  
        if not self.head:  
            self.head = new_node  
            new_node.next = new_node  # points to itself  
            return  
        cur = self.head  
        while cur.next != self.head:  
            cur = cur.next  
        cur.next = new_node  
        new_node.next = self.head  
 
    def delete_by_value(self, key):  
        if not self.head:  
            return False  
        cur = self.head  
        prev = None  
        while True:  
            if cur.data == key:  
                if prev:  
                    prev.next = cur.next  
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Quick Complexity Summary 

Operation  Singly  Doubly  Circular  
Insert at head O(1) O(1) O(1) 
Insert at tail O(n) (O(1) with tail) O(n) (O(1) with 

tail) 
O(n) (or O(1) with 
tail) 

Delete (given node) O(1) if prev known else 
O(n) 

O(1) O(n) 

Search / Access by 
index 

O(n) O(n) O(n) 
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8 

Stacks: Implementation and 
Use Cases 

Overview 

 

In this chapter, we explore stacks, covering their LIFO principle, 
implementation methods, and practical applications. Prepare 
yourself for a comprehensive journey that will empower you to 
understand how stacks are used in expression evaluation, 
undo/redo functionality, and function calls, while also connecting 
theory to real-life examples such as text editors and recursion. 
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9 
Queues and Their Variants 

Overview 

 

In this chapter, we explore queues, covering their FIFO principle, 
different variants such as circular queues, deques, and priority 
queues, along with their practical applications. Prepare yourself for a 
comprehensive journey that will empower you to understand how 
queues are used in ticket booking systems and CPU scheduling, 
while also connecting theory to real-life scenarios that highlight their 
importance in ensuring fairness and efficiency. 
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        self.front = self.rear = - 1 
 
    def is_full(self):  
        return (self.rear + 1) % self.capacity == self.front  
 
    def is_empty(self):  
        return self.front == - 1 
 
    def enqueue(self, item):  
        if self.is_full():  
            raise OverflowError("Queue is full")  
        if self.front == - 1:  
            self.front = 0  
        self.rear = (self.rear + 1) % self.capacity  
        self.queue[self.rear] = item  
 
    def dequeue(self):  
        if self.is_empty():  
            raise IndexError("Queue is empty")  
        item = self.queue[self.front]  
        if self.front == self.rear:  
            self.front = self.rear = - 1 
        else:  
            self.front = (self.front + 1) % self.capacity  
        return item  
 
    def display(self):  
        if self.is_empty():  
            return []  
        result = []  
        i = self.front  
        while True:  
            result.append(self.queue[i])  
            if i == self.rear:  
                break  
            i = (i + 1) % self.capacity  
        return result  
 
 
# Example usage  
cq = CircularQueue(5)  
cq.enqueue(10)  
cq.enqueue(20)  
cq.enqueue(30)  
print("Circular Queue:", cq.display ())  # Output: [10, 20, 30]  
cq.dequeue()  
print("After Dequeue:", cq.display())   # Output: [20, 30]  
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Practice Problems 

Problem 1 (Beginner): Implement a Queue Using Two Stacks 
Task:  Use two stacks to implement a queue with enqueue and dequeue operations. 

Hint:  Use one stack for incoming elements and the other for outgoing elements. 

Problem 2 (Intermediate): Circular Queue Simulation 
Task:  Simulate a circular queue of size 5. Perform enqueue and dequeue operations and 
display the queue state after each operation. 

Problem 3 (Advanced): CPU Scheduling Simulation 
Task:  Simulate CPU scheduling using a priority queue where each process has a priority. Show 
the order of execution. 

Problem 4 (Challenge): Palindrome Checker with Deque 
Task:  Use a deque to check if a given string is a palindrome. 

Hint:  Compare characters from the front and rear of the deque. 

Summary 
Queues, like stacks, are essential for structuring data in computer science. Their FIFO principle 
provides fairness and order, ensuring that elements are processed in the sequence they arrive. 
Variants such as circular queues, deques, and priority queues expand the utility of queues, 
making them suitable for specialized tasks. 

From ticket booking systems that manage customer requests to CPU scheduling that ensures 
efficient process execution, queues are everywhere in computing. By practicing problems and 
exploring these variants, students will gain the knowledge needed to apply queues in both 
theoretical and practical scenarios. 
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10 

Hashing: Concepts and 
Applications 

Overview 

 

In this chapter, we explore hashing, covering the role of hash 
functions, how collisions occur, and common strategies for handling 
them. Prepare yourself for a comprehensive journey that will 
empower you to understand how hashing enables efficient data 
access and storage, while also examining its practical applications in 
caching, dictionaries, and username validation. 
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11 

Trees: Traversals, Binary 
Trees, and Beyond 

Overview 

 

In this chapter, we explore trees, covering their structure, key 
properties, and different types such as binary trees, binary search 
trees, balanced trees, and heaps. Prepare yourself for a 
comprehensive journey that will empower you to understand how 
trees enable efficient data organization, searching, and sorting, 
while also connecting theory to real-life applications such as file 
systems and search suggestions. 
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13 

Tries & Advanced String 
Structures 

Overview 

 

In this chapter, we explore tries (prefix trees), covering their 
structure, functionality, and applications. Prepare yourself for a 
comprehensive journey that will empower you to understand how 
tries are used in autocomplete systems, spell checkers, and DNA 
sequencing, while also connecting theory to real-life examples such 
as Google Search Autocomplete. 
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14 

Searching Algorithms: 
Techniques and 

Applications 

Overview 

 

In this chapter, we explore searching algorithms, covering linear 
search, binary search, and ternary search. Prepare yourself for a 
comprehensive journey that will empower you to understand how 
these algorithms locate elements within datasets, step through their 
working processes with clear code examples, and recognize where 
each method is most applicable in real-world scenarios. 
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15 

Sorting Algorithms: From 
Basics to Advanced 

Methods 

Overview 

 

In this chapter, we explore sorting algorithms, beginning with basic 
methods such as bubble sort, selection sort, and insertion sort, 
before moving into advanced techniques like merge sort, quick sort, 
and heap sort. We also examine non-comparison-based 
approaches, including counting sort, radix sort, and bucket sort. 
Prepare yourself for a comprehensive journey that will empower you 
to understand how different sorting methods work, where they are 
most effective, and how they are applied in real-life scenarios such 
as sorting products in e-commerce platforms by price, rating, or 
popularity. 
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Summary 
We explored various sorting algorithms, from basic methods like bubble, selection, and insertion 
sort, to advanced techniques like merge sort, quick sort, and heap sort. We also discussed non-
comparison-based algorithms such as counting sort, radix sort, and bucket sort. Each algorithm 
has its strengths and weaknesses, making it suitable for different situations. 

Sorting is a cornerstone of computer science. Whether organizing small datasets or handling 
millions of e-commerce products, the right sorting algorithm ensures efficiency and enhances 
performance. 
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16 

Greedy Algorithms and 
Their Problem-Solving 

Approach 

Overview 

 

In this chapter, we explore greedy algorithms, covering their strategy 
of making locally optimal choices to solve optimization problems 
efficiently. Prepare yourself for a comprehensive journey that will 
empower you to understand classic greedy approaches such as 
activity selection for scheduling, Huffman coding for data 
compression, and the fractional knapsack problem for maximizing 
profit, while also connecting theory to real-life applications like job 
scheduling and resource allocation. 
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17 

Dynamic Programming 
(DP): Concepts and Classic 

Problems 

Overview 

 

In this chapter, we explore dynamic programming, covering its core 
principles of solving problems by breaking them into overlapping 
subproblems and building optimal solutions from smaller results. 
Prepare yourself for a comprehensive journey that will empower you 
to understand memoization and tabulation techniques, solve classic 
problems such as the knapsack problem, longest common 
subsequence, and matrix chain multiplication, and connect theory to 
real-world applications like resource allocation. 
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18 

Bitwise Algorithms: Tricks 
and Optimization 

Techniques 

Overview 

 

In this chapter, we explore bitwise algorithms, covering fundamental 
operations, clever tricks, and subset generation techniques that 
leverage binary representations. Prepare yourself for a 
comprehensive journey that will empower you to see how bit-level 
manipulations optimize computation, while also examining practical 
applications such as image compression and security systems, and 
reinforcing learning with real-life examples. 
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def count_set_bits(x):  
    # Brian Kernighan's algorithm  
    count = 0  
    while x:  
        x &= x -  1 
        count += 1  
    return count  
 
# Generate all subsets of a list using bitmask  
def subsets(lst):  
    n = len(lst)  
    result = []  
    for mask in range(1 << n):  
        cur = [lst[i] for i in range(n) if (mask >> i) & 1]  
        result.append(cur)  
    return result  
 
# Extract bitplanes from a small grayscale image (2D list)  
# Each pixel is 0..255. We'll produce bitplanes as 2D lists of 0/1.  
 
def bitplanes(image, bits=8):  
    h = len(image)  
    w = len(image[0]) if h else 0  
    planes = [[[0]*w for _ in range(h)] for _ in range(bits)]  
    for i in range(h):  
        for j in range(w):  
            pixel = image[i][j]  
            for b in range(bits):  
                planes[b][i][j] = (pixel >> b) & 1  
    return planes  
 
# Simple demonstration  
if __name__ == "__main__":  
    print("Bitwise helpers:")  
    x = 29  # binary 11101  
    print("x:", x)  
    print("is_odd(x):", is_odd(x))  
    print("set_bit(x,1):", set_bit(x,1))  
    print("clear_bit(x,3):", clear_bit(x,3))  
    print("toggle_bit(x,0):", toggle_bit(x,0))  
    print("test_bit(x,2):", test_bit(x,2))  
    print("count_set_bits(x):", count_set_bits(x))  
 
    items = ['a','b','c']  
    print(" \ nAll subsets of", items, ":")  
    for s in subsets(items):  
        print(s)  
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19 

Segment Tree: Range 
Queries and Updates 

Overview 

 

In this chapter, we explore segment trees, covering their role in 
handling range queries efficiently and the optimization technique of 
lazy propagation for fast range updates. Prepare yourself for a 
comprehensive journey that will empower you to understand how 
segment trees reduce query and update times to logarithmic 
complexity, while also connecting theory to practice through a real-
life example that demonstrates both querying and updating over 
ranges. 
 
 
 

 
  

https://www.c-sharpcorner.com/ebooks/
https://www.c-sharpcorner.com/


https://www.c-sharpcorner.com/ebooks/
https://www.c-sharpcorner.com/


https://www.c-sharpcorner.com/ebooks/
https://www.c-sharpcorner.com/


 
 

 

117  
 

https://www.c-sharpcorner.com/ebooks/ 

            self._build(arr, 2*node+1, start, mid)  
            self._build(arr, 2*node+2, mid+1, end)  
            self.tree[node] = self.tree[2*node+1] + self.tree[2*node+2]  
 
    def _propagate(self, node, start, end):  
        """Propagate lazy updates to children when needed."""  
        if self.lazy[node] != 0:  
            # Apply the pending update to this node  
            self.tree[node] += (end -  start + 1) * self.lazy[node]  
 
            # If not a leaf, mark children for lazy updates  
            if start != end:  
                self.lazy[2*node+1] += self.lazy[node]  
                self.lazy[2*node+2] += self.lazy[node]  
 
            # Clear lazy value for current node  
            self.lazy[node] = 0  
 
    def update_range(self, l, r, val, node=0, start=0, end=None):  
        """Update values in the range [l, r] by adding 'val'."""  
        if end is None:  
            end = self.n -  1 
 
        # Ensure pending updates are applied  
        self._propagate(node, start, end)  
 
        # No overlap  
        if start > r or end < l:  
            return  
 
        # Total overlap  
        if l <= start and end <= r:  
            self.lazy[node] += val  
            self._propagate(node, start, end)  
            return  
 
        # Partial overlap  
        mid = (start + end) // 2  
        self.update_range(l, r, val, 2*node+1, start, mid)  
        self.update_range(l, r, val, 2*node+2, mid+1, end)  
        self.tree[node] = self.tree[2*node+1] + self.tree[2*node+2]  
 
    def query_range(self, l, r, node=0, start=0, end=None):  
        """Query the sum in the range [l, r]."""  
        if end is None:  
            end = self.n -  1 
 
        # Ensure pending updates are applied  
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20 

Fenwick Tree (Binary 
Indexed Tree): Simplifying 

Range Queries 

Overview 

 

In this chapter, we explore Fenwick Trees, also known as Binary 
Indexed Trees, covering their structure, purpose, and how they 
enable efficient prefix queries and updates. Prepare yourself for a 
comprehensive journey that will empower you to understand how 
Fenwick Trees compute prefix sums in logarithmic time, support 
point updates efficiently, and apply these concepts to solve range 
query problems in real-world scenarios such as cumulative statistics 
and frequency analysis.. 
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21 

Binary Lifting & Lowest 
Common Ancestor (LCA) 

Overview 

 

In this chapter, we explore Binary Lifting, a powerful technique for 
ancestor queries in trees, and its application in solving the Lowest 
Common Ancestor (LCA) problem. Prepare yourself for a 
comprehensive journey that will empower you to understand how 
binary lifting enables k-step jumps in trees, how it reduces LCA 
queries to logarithmic time, and how these concepts are applied in 
practice across domains like networking, file systems, and 
genealogy analysis. 
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        # Precompute ancestors at powers of two  
        for j in range(1, self.LOG + 1):  
            if self.up[node][j - 1] != - 1:  
                self.up[node][j] = self.up[self.up[node][j - 1]][j - 1]  
 
        # DFS traversal  
        for child in self.graph[node]:  
            if child != parent:  
                self.depth[child] = self.depth[node] + 1  
                self._dfs(child, node)  
 
    def lift(self, node, k):  
        # Jump k steps upwards  
        for j in range(self.LOG, - 1, - 1):  
            if k & (1 << j):  
                node = self.up[node][j]  
                if node == - 1:  
                    break  
        return node  
 
    def lca(self, u, v):  
        # Equalize depth  
        if self.depth[u] < self.depth[v]:  
            u, v = v, u  
        u = self.lift(u, self.depth[u] -  self.depth[v])  
 
        if u == v:  
            return u  
 
        # Lift together until just before LCA  
        for j in range(self.LOG, - 1, - 1):  
            if self.up[u][j] != self.up[v][j]:  
                u = self.up[u][j]  
                v = self.up[v][j]  
 
        # Parent of u (or v) is the LCA  
        return self.up[u][0]  
 
# Example usage  
if __name__ == "__main__":  
    # Example tree: edges (undirected)  
    edges = [(0,1), (0,2), (1,3), (1,4), (2,5), (2,6)]  
    lca_solver = LCA(7, edges)  
 
    print("LCA of 3 and 4:", lca_solver.lca(3,4))  # Output: 1  
    print("LCA of 3 and 6:", lca_solver.lca (3,6))  # Output: 0  
    print("LCA of 5 and 6:", lca_solver.lca(5,6))  # Output: 2  
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22 

Geometry Algorithms: 
Computational and 

Problem-Solving 
Approaches 

Overview 

 

In this chapter, we explore geometry algorithms, focusing on the 
Convex Hull and Line Sweep techniques. Prepare yourself for a 
comprehensive journey that will empower you to understand how 
the convex hull constructs the smallest enclosing polygon around a 
set of points and how line sweep efficiently processes geometric 
problems like closest pairs and intersections. Along the way, we 
connect theory to practice with real-world applications in graphics, 
robotics, GIS, and event scheduling, supported by clear 
explanations and Python code examples. 
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4. Check neighboring points in the active set to find the minimum distance. 
5. Update as the line moves. 

Complexity:  O(n log n). 

Example: Closest Pair (Line Sweep in Python) 
import math  
 
def dist(p1, p2):  
    return math.dist(p1, p2)  
 
def closest_pair(points):  
    points.sort(key=lambda p: p[0])  # Sort by x - coordinate  
 
    def _closest_pair(px, py):  
        if len(px) <= 3:  
            return min((dist(px[i], px[j]), (px[i], px[j]))  
                       for i in range(len(px)) for j in range(i+1, 
len(px)))  
 
        mid = len(px) // 2  
        Qx, Rx = px[:mid], px[mid:]  
        midpoint = px[mid][0]  
        Qy = [p for p in py if p[0] <= midpoint]  
        Ry = [p for p in py if p[0] > midpoint]  
 
        (d1, pair1) = _closest_pair(Qx, Qy)  
        (d2, pair2) = _closest_pair(Rx, Ry)  
 
        d, min_pair = (d1, pair1) if d1 < d2 else (d2, pair2)  
 
        # Build strip  
        strip = [p for p in py if abs(p[0] -  midpoint) < d]  
 
        # Check strip for closer pairs  
        for i in range(len(strip)):  
            for j in range(i+1, min(i+7, len(strip))):  
                if dist(strip[i], strip[j]) < d:  
                    d = dist(strip[i], strip[j])  
                    min_pair = (strip[i], strip[j])  
        return d, min_pair  
 
    return _closest_pair(points, sorted(points, key=lambda p: p[1]))  
 
# Example usage  
points = [(0,0), (3,4), (1,1), (4,4), (7,7), (2,2)]  
d, pair = closest_pair(points)  
print("Closest Pair:", pair, "with distance", d)  
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