🌳 Why use a tree structure in C?
Why use tree structures with dynamic memory in C?
Tree structures are used to represent hierarchical data efficiently. In C, dynamic memory allocation (malloc) is required because the number of nodes is not known in advance. Each node is created at runtime and linked using pointers, allowing flexible growth, efficient searching (e.g., in Binary Search Trees), and better memory usage compared to static arrays

1. To represent hierarchical data
Trees are ideal when data has a parent–child relationship, such as:
· File systems (folders → subfolders → files) 
· Organization charts 
· Expression parsing (like math formulas) 
 Arrays and linked lists are linear, but trees are hierarchical.

2. Faster searching and sorting (in some cases)
Certain trees like Binary Search Trees (BSTs) allow:
· Fast search (average: O(log n)) 
· Fast insertion and deletion 

3. Dynamic size (no fixed limit)
Unlike arrays, trees:
· Grow and shrink at runtime 
· Use memory only when needed 
This is possible because of dynamic memory allocation (malloc).

Why dynamic memory is necessary
In C, tree nodes are not stored in a continuous block like arrays.
Each node is created individually using:
· malloc() → allocate memory 
· free() → release memory 
Without dynamic allocation:
· You would need a fixed-size structure (wastes memory or limits size) 
· You cannot easily grow the tree 

How tree structure works in C
A tree is built using structures with pointers.
Example: Binary Tree Node
#include <stdio.h>
#include <stdlib.h>

struct Node {
    int data;
    struct Node* left;
    struct Node* right;
};

 Creating nodes dynamically
struct Node* createNode(int value) {
    struct Node* newNode = (struct Node*)malloc(sizeof(struct Node));

    if (newNode == NULL) {
        printf("Memory allocation failed\n");
        return NULL;
    }

    newNode->data = value;
    newNode->left = NULL;
    newNode->right = NULL;

    return newNode;
}

 Building a simple tree
int main() {
    struct Node* root = createNode(10);
    root->left = createNode(5);
    root->right = createNode(20);

    return 0;
}
This creates:
       10
      /  \
     5    20

❗ Why pointers are essential
Each node stores addresses of its children, not the children themselves:
struct Node* left;
struct Node* right;
This allows:
· Flexible structure (nodes anywhere in memory) 
· Easy linking between nodes 

 Key advantages
· No fixed size 
· Efficient for hierarchical data 
· Memory used only when needed 
· Flexible insertion/deletion 

 Important considerations
· You must free memory manually: 
free(node);
· Memory leaks can occur if you forget 
· Pointer mistakes can crash your program 
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We use tree structures in C with dynamic memory because:
· Trees represent hierarchical relationships 
· Dynamic memory allows flexible and scalable structures 
· Each node is created and linked using pointers 
· This makes trees powerful for searching, organizing, and processing data

