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Introduction 
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This book provides an essential collection of algorithms designed to help you solve a wide range of programming problems. It's perfect for beginners looking to gain key knowledge and improve their skills efficiently. With clear and practical explanations, this book serves as an excellent guide for those just starting their programming journey, offering a solid foundation to help them progress quickly.



	[image: ]

	 
	[image: ]





[image: ]


What is an Algorithm?
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An algorithm is essentially a sequence of instructions designed to process one or more inputs, carry out specific computations or manipulations, and then deliver an output or a set of outputs. In essence, algorithms simplify tasks. Whether handling intricate data operations or executing basic calculations, they consistently follow a series of steps to yield a valuable outcome. For instance, consider a basic algorithm: a function that accepts two numbers, computes their sum, and outputs the result.
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Data Structures
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Data structures are specialized formats for organizing, storing, and managing data in a way that enables efficient access and modification. They provide a framework for handling data so that operations like searching, inserting, deleting, or modifying data can be performed effectively. Choosing the right data structure can significantly affect the performance of an algorithm or a program.

Here are some common types of data structures:


	
Arrays: A collection of elements, each identified by an index or key, where all elements are stored contiguously in memory.

	
Linked Lists: A sequence of elements, where each element points to the next one, allowing for efficient insertions and deletions at any point.

	
Stacks: A collection of elements that follows the Last In, First Out (LIFO) principle, where only the top element can be accessed or modified.

	
Queues: A collection of elements that follows the First In, First Out (FIFO) principle, where elements are added at the rear and removed from the front.

	
Trees: A hierarchical structure where each element (node) has a parent and possibly several children, often used to represent hierarchical relationships.

	
Graphs: A collection of nodes (vertices) connected by edges, used to model relationships between objects, such as networks.

	
Hash Tables: A data structure that maps keys to values using a hash function, allowing for fast lookups, insertions, and deletions.



Each data structure is suited to specific kinds of tasks, and choosing the right one depends on the nature of the problem you're solving.
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Array
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An array is a data structure consisting of a collection of elements, of same memory size, each identified by at least one array index or key. An array is stored such that the position of each element can be computed from its index tuple by a mathematical formula.
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Equilibrium Index in Array
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The equilibrium index in an array is a position where the sum of elements on the left is equal to the sum of elements on the right. It is useful in various algorithms, particularly in finding balance points in data. The goal is to identify such an index efficiently using a linear time complexity approach.

def find_equilibrium_index(arr):

total_sum = sum(arr)

left_sum = 0

for i, num in enumerate(arr):

right_sum = total_sum - left_sum - num

if left_sum == right_sum:

return i

left_sum += num

return -1  # No equilibrium index found

# Example usage:

arr = [-7, 1, 5, 2, -4, 3, 0]

index = find_equilibrium_index(arr)

print(f'Equilibrium Index: {index}')  

# Output: Equilibrium Index: 3


	The total_sum of the array is calculated.

	As the array is traversed, the current element is used to calculate the right_sum.

	If the left_sum equals the right_sum at any index, that index is the equilibrium index.

	If no equilibrium index is found, -1 is returned.





	[image: ]

	 
	[image: ]





[image: ]


Find Triplets with 0 Sum
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The problem is to find all unique triplets in an array that sum to zero. Given an array of integers, the task is to find triplets (three numbers) whose sum is zero. These triplets should be distinct, meaning the same combination of numbers should not appear more than once.


	Sort the array to make it easier to find unique triplets.

	For each element in the array, use two pointers (left and right) to find the remaining two numbers such that their sum with the current element equals zero.

	Skip duplicates to ensure no repeated triplets are added to the result.



def find_triplets_with_zero_sum(arr):

arr.sort()

triplets = []

for i in range(len(arr) - 2):

if i > 0 and arr[i] == arr[i - 1]:

continue

left, right = i + 1, len(arr) - 1

while left < right:

s = arr[i] + arr[left] + arr[right]

if s == 0:

triplets.append([arr[i], arr[left], arr[right]])

left += 1

right -= 1

while left < right and arr[left] == arr[left - 1]: left += 1

while left < right and arr[right] == arr[right + 1]: right -= 1

elif s < 0: left += 1

else: right -= 1

return triplets

# Example usage:

arr = [-1, 0, 1, 2, -1, -4]

print(find_triplets_with_zero_sum(arr))  

# Output: [[-1, -1, 2], [-1, 0, 1]]
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Index 2d Array in 1d
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To access elements of a 2D array using a 1D array index, you can convert the 2D array into a 1D array by flattening it. The goal is to find the 1D index corresponding to any (row, column) of a 2D array. For an array with m rows and n columns, the index for an element at position (i, j) can be computed as:

[image: image]

Where i is the row number, and j is the column number.

def index_2d_to_1d(row, col, num_cols):

return row * num_cols + col

# Example usage:

row, col, num_cols = 2, 3, 4

index = index_2d_to_1d(row, col, num_cols)

print(f'1D index: {index}')  # Output: 1D index: 11

For a 2D array with 4 columns, the element at position (2, 3) corresponds to index 11 in a flattened 1D array.

Example:

2D array:

[

[0,  1,  2,  3],

[4,  5,  6,  7],

[8,  9, 10, 11]

]

Flattened 1D array:

[0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11]

Element at (2, 3) = 11, which is at index 11 in the 1D array.
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Kth Largest Element
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The task is to find the Kth largest element in an unsorted array. The Kth largest element means the element that would be at position K if the array were sorted in descending order. There are several approaches to solve this, such as sorting the array or using a min-heap.

def kth_largest(arr, k):

return sorted(arr, reverse=True)[k-1]

# Example usage:

arr = [3, 2, 1, 5, 6, 4]

k = 2

print(kth_largest(arr, k))  # Output: 5

  The array is sorted in descending order, and the element at index k-1 is returned.

  For arr = [3, 2, 1, 5, 6, 4] and k = 2, the sorted array is [6, 5, 4, 3, 2, 1]. The 2nd largest element is 5.
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Median Two Array
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The task is to find the median of two sorted arrays. The median is the middle element in a sorted list of numbers. If the total number of elements is even, the median is the average of the two middle elements. The challenge is to solve this problem efficiently in O(log(min(m,n))) time complexity.

def find_median_sorted_arrays(nums1, nums2):

merged = sorted(nums1 + nums2)

n = len(merged)

if n % 2 == 1:

return merged[n // 2]

else:

return (merged[n // 2 - 1] + merged[n // 2]) / 2

# Example usage:

nums1 = [1, 3]

nums2 = [2]

print(find_median_sorted_arrays(nums1, nums2))  # Output: 2.0

  Binary Search: The approach uses binary search on the smaller array (nums1) to find the correct partition.

  Partition: The arrays are partitioned such that the elements on the left side of both partitions are less than or equal to those on the right side.

  Odd or Even Length: If the combined length is odd, the median is the maximum of the left partitions. If it's even, the median is the average of the maximum element from the left and the minimum element from the right.
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Monotonic Array
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An array is said to be monotonic if it is either entirely non-increasing or non-decreasing. Your task is to determine whether a given array is monotonic. That means the array is either sorted in increasing order or decreasing order, or all the elements are equal.

def is_monotonic(arr):

increasing = decreasing = True

for i in range(1, len(arr)):

if arr[i] > arr[i - 1]:

decreasing = False

if arr[i] < arr[i - 1]:

increasing = False

return increasing or decreasing

# Example usage:

arr = [1, 2, 2, 3]

print(is_monotonic(arr))  # Output: True

arr = [6, 5, 4, 4]

print(is_monotonic(arr))  # Output: True

arr = [1, 3, 2]

print(is_monotonic(arr))  # Output: False

  We track two flags: increasing and decreasing.

  Traverse through the array and update the flags based on whether the current element is larger or smaller than the previous one.

  If the array is entirely increasing or decreasing, one of the flags will remain True.

  If both flags are False, the array is neither increasing nor decreasing.
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Pairs with Given Sum
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The task is to find all pairs of elements in an array that sum up to a given target. Each pair should only be listed once. The challenge can be solved using different approaches, such as using a hash set to store the required values for the sum or sorting the array and using the two-pointer technique.

def find_pairs_with_sum(arr, target):

seen = set()

pairs = []

for num in arr:

diff = target - num

if diff in seen:

pairs.append((diff, num))

seen.add(num)

return pairs

# Example usage:

arr = [1, 5, 7, -1, 5]

target = 6

print(find_pairs_with_sum(arr, target))  # Output: [(1, 5), (7, -1), (1, 5)]

  We use a set seen to store the numbers we've already encountered.

  For each element in the array, we calculate its complement (i.e., target - num). If this complement is already in the set, we've found a pair that sums to the target.

  The time complexity is O(n) because each element is processed only once.
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Permutations
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The task is to generate all possible permutations of a given array. A permutation is an arrangement of all the elements in a specific order. The challenge is often approached using recursion or iterative methods to ensure all combinations are explored.

def permute(nums):

def backtrack(start):

if start == len(nums):

permutations.append(nums[:])  # Add a copy of the current permutation

return

for i in range(start, len(nums)):

nums[start], nums[i] = nums[i], nums[start]  # Swap

backtrack(start + 1)

nums[start], nums[i] = nums[i], nums[start]  # Backtrack (swap back)

permutations = []

backtrack(0)

return permutations

# Example usage:

arr = [1, 2, 3]

print(permute(arr))  

# Output: [[1, 2, 3], [1, 3, 2], [2, 1, 3], [2, 3, 1], [3, 1, 2], [3, 2, 1]]


	The backtrack function is called recursively, swapping elements to create different arrangements.

	When the starting index reaches the length of the array, the current permutation is added to the result list.

	After exploring one possibility, we swap back to restore the original order for the next iteration (backtracking).
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Prefix Sum
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The prefix sum array is a derived array that allows you to quickly calculate the sum of elements in a specific range of the original array. The prefix sum at index i represents the sum of all elements from the start of the array up to index i. This is useful for efficiently querying the sum of subarrays.

def prefix_sum(arr):

prefix = [0] * (len(arr) + 1)

for i in range(len(arr)):

prefix[i + 1] = prefix[i] + arr[i]

return prefix

# Example usage:

arr = [1, 2, 3, 4, 5]

prefix = prefix_sum(arr)

print(prefix)  # Output: [0, 1, 3, 6, 10, 15]

  A new array prefix is initialized with a length of len(arr) + 1 to include the initial sum of zero.

  Iterate through the original array, adding each element to the cumulative sum stored at prefix[i + 1].

  The value at prefix[i + 1] gives the sum of elements from index 0 to i.
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Product Sum
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The product sum of an array is a variation of the sum where you multiply each element of the array by its depth level. If the element is an integer, its contribution to the product sum is simply the integer multiplied by its depth. If the element is an array, you recursively calculate its product sum by increasing the depth.

def product_sum(arr, depth=1):

total = 0

for elem in arr:

if isinstance(elem, list):

total += product_sum(elem, depth + 1)  # Recurse for nested arrays

else:

total += elem

return total * depth

# Example usage:

arr = [1, 2, [3, 4, [5]], 5]

result = product_sum(arr)

print(result)  # Output: 43

  The function product_sum takes an array and an optional depth parameter (defaulting to 1).

  It initializes a total sum and iterates through each element in the array.

  If the element is a list, the function recursively calls itself, increasing the depth by 1.

  If the element is an integer, it is added to the total.

  Finally, the total is multiplied by the depth to account for the product sum contribution.
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Sparse Table
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A Sparse Table is a data structure that enables efficient querying of the minimum or maximum in a static array over a range of indices. It preprocesses the data in O(n log n) time, allowing queries to be answered in O(1) time. Sparse Tables are particularly effective for immutable arrays where the range queries are frequent but updates are rare.

import math

class SparseTable:

def __init__(self, arr):

self.n = len(arr)

self.log = math.ceil(math.log2(self.n)) + 1

self.table = [[0] * self.log for _ in range(self.n)]

# Initialize the first column of the table

for i in range(self.n):

self.table[i][0] = arr[i]

# Build the Sparse Table

for j in range(1, self.log):

for i in range(self.n - (1 << j) + 1):

self.table[i][j] = min(self.table[i][j - 1], self.table[i + (1 << (j - 1))][j - 1])

def range_min_query(self, left, right):

j = int(math.log2(right - left + 1))

return min(self.table[left][j], self.table[right - (1 << j) + 1][j])

# Example usage:

arr = [1, 3, 2, 7, 9, 11]

sparse_table = SparseTable(arr)

# Range minimum query from index 1 to 4

result = sparse_table.range_min_query(1, 4)

print(result)  # Output: 2
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Binary Tree
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A Binary Tree is a hierarchical data structure in which each node has at most two children, referred to as the left and right children. Binary trees are fundamental in computer science for various applications, including search trees, heaps, and expression parsing.
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AVL Tree
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An AVL Tree is a self-balancing binary search tree where the difference in heights between the left and right subtrees (the balance factor) is at most one for all nodes. This balancing ensures that the tree remains approximately balanced, leading to O(log n) time complexity for insertions, deletions, and lookups.

class TreeNode:

def __init__(self, value):

self.value, self.left, self.right, self.height = value, None, None, 1

class AVLTree:

def insert(self, root, value):

if not root:

return TreeNode(value)

if value < root.value:

root.left = self.insert(root.left, value)

else:

root.right = self.insert(root.right, value)

root.height = 1 + max(self.get_height(root.left), self.get_height(root.right))

return self.balance(root)

def balance(self, node):

if (b := self.get_balance(node)) > 1:

return self.rotate_right(node) if self.get_balance(node.left) >= 0 else self.rotate_right(node.left)

if b < -1:

return self.rotate_left(node) if self.get_balance(node.right) <= 0 else self.rotate_left(node.right)

return node

def rotate_left(self, z):

y = z.right

z.right, y.left = y.left, z

z.height = 1 + max(self.get_height(z.left), self.get_height(z.right))

y.height = 1 + max(self.get_height(y.left), self.get_height(y.right))

return y

def rotate_right(self, z):

y = z.left

z.left, y.right = y.right, z

z.height = 1 + max(self.get_height(z.left), self.get_height(z.right))

y.height = 1 + max(self.get_height(y.left), self.get_height(y.right))

return y

def get_height(self, node):

return node.height if node else 0

def get_balance(self, node):

return self.get_height(node.left) - self.get_height(node.right)

def inorder_traversal(self, node):

return self.inorder_traversal(node.left) + [node.value] + self.inorder_traversal(node.right) if node else []

# Example usage:

avl_tree, root = AVLTree(), None

for value in [10, 20, 30, 40, 50, 25]:

root = avl_tree.insert(root, value)

print(avl_tree.inorder_traversal(root))  

# Output: [10, 20, 25, 30, 40, 50]
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Binary Search Recursive
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Recursive Binary Search is a method to efficiently find an element in a sorted array. By repeatedly dividing the search interval in half, it reduces the time complexity to O(log n). If the value is found, its index is returned; otherwise, the search continues until the element is not found.

def binary_search(arr, target, left, right):

if left > right:

return -1  # Target not found

mid = left + (right - left) // 2

if arr[mid] == target:

return mid  # Target found

return binary_search(arr, target, left, mid - 1) if target < arr[mid] else binary_search(arr, target, mid + 1, right)
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