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C Programming - Practice Session 2

1 Introduction to Practice Session
This 2-hour practice session builds on the fundamentals from the first session, div-
ing deeper into Pointers and Arrays, Pointers with Functions, and Advanced
Pointer Concepts. You’ll learn how pointers and arrays are intimately connected, how
to use pointers to modify function arguments, and explore more complex topics like arrays
of pointers and pointers to pointers. Estimated completion time: 2 hours.

Tip/Note

Prerequisites: Make sure you’ve completed the 1-hour practice session or are com-
fortable with:

• Pointer declaration: int *ptr;
• Address-of operator: &variable
• Dereference operator: *ptr
• NULL pointers and safety checks
• Basic pointer arithmetic: ptr++, ptr + n

2 The Array-Pointer Relationship
Practice Activity
Activity 1: Arrays Are Pointers (Sort Of)
Discover the intimate relationship between arrays and pointers. Learn why array
names act like pointers and how this affects your code.

Step-by-Step Instructions:
1. Create an integer array
2. Demonstrate that the array name gives the address of the first element
3. Show that array indexing is just pointer arithmetic in disguise
4. Compare array names with pointer variables (one is constant, one is variable)
5. Use pointer arithmetic to traverse the array
6. Show that pointers can be used with array indexing syntax

Complete Example Code:

1 #include <stdio.h>
2

3 int main() {
4 printf("=== The Array-Pointer Relationship ===\n\n");
5

6 // 1. Create an array
7 int arr[5] = {100, 200, 300, 400, 500};
8

9 printf("1. Array basics:\n");
10 printf(" arr[0] = %d\n", arr[0]);
11 printf(" Address of arr[0]: %p\n", (void*)&arr[0]);
12 printf(" Value of arr (array name): %p\n", (void*)arr);
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13 printf(" Are they equal? %s\n",
14 (arr == &arr[0]) ? "YES" : "NO");
15 printf("\n");
16

17 // 2. Array name as pointer
18 printf("2. Using array name as a pointer:\n");
19 printf(" *arr = %d\n", *arr);
20 printf(" *(arr + 1) = %d\n", *(arr + 1));
21 printf(" *(arr + 2) = %d\n", *(arr + 2));
22 printf(" *(arr + 3) = %d\n", *(arr + 3));
23 printf(" *(arr + 4) = %d\n", *(arr + 4));
24 printf("\n");
25

26 // 3. The magic equivalence: arr[i] == *(arr + i)
27 printf("3. The fundamental equivalence:\n");
28 printf(" arr[i] == *(arr + i)\n");
29 for (int i = 0; i < 5; i++) {
30 printf(" arr[%d] = %d, *(arr + %d) = %d - %s\n",
31 i, arr[i], i, *(arr + i),
32 (arr[i] == *(arr + i)) ? "EQUAL" : "DIFFERENT");
33 }
34 printf("\n");
35

36 // 4. Pointer variable vs. array name (KEY DIFFERENCE)
37 printf("4. Pointer variable vs. array name:\n");
38 int *ptr = arr; // ptr now points to first element
39

40 printf(" arr = %p\n", (void*)arr);
41 printf(" ptr = %p\n", (void*)ptr);
42 printf(" *arr = %d, *ptr = %d\n", *arr, *ptr);
43

44 // We can change ptr
45 ptr++;
46 printf(" After ptr++: ptr = %p, *ptr = %d\n", (void*)ptr, *ptr);
47

48 // But we CANNOT change arr!
49 // arr++; // ERROR! arr is a constant pointer
50 printf(" arr++ is NOT allowed - array name is constant\n");
51 printf("\n");
52

53 // 5. Pointers can use array indexing syntax too!
54 printf("5. Pointers with array indexing:\n");
55 ptr = arr; // Reset to beginning
56 printf(" ptr[0] = %d\n", ptr[0]);
57 printf(" ptr[1] = %d\n", ptr[1]);
58 printf(" ptr[2] = %d\n", ptr[2]);
59 printf(" ptr[3] = %d\n", ptr[3]);
60 printf(" ptr[4] = %d\n", ptr[4]);
61 printf("\n");
62

63 // 6. Traversing array with pointer
64 printf("6. Traversing with pointer arithmetic:\n");
65 printf(" Elements: ");
66 for (ptr = arr; ptr < arr + 5; ptr++) {
67 printf("%d ", *ptr);
68 }
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69 printf("\n");
70 printf(" After loop, ptr points to: %p (one past the end)\n",
71 (void*)ptr);
72 printf(" This address is valid for comparison but not

dereferencing!\n");
73 printf("\n");
74

75 // 7. Demonstrating "one past the end"
76 printf("7. One past the end concept:\n");
77 printf(" arr = %p\n", (void*)arr);
78 printf(" arr + 5 = %p (one past last element)\n", (void*)(arr +

5));
79 printf(" arr + 4 = %p (last element)\n", (void*)(arr + 4));
80

81 return 0;
82 }

Challenge:
Write a function that takes an array and its size, and returns a pointer to the largest
element. Use only pointer arithmetic (no array indexing) to traverse the array. Then
write another function that returns a pointer to the first even number in the array
(or NULL if none exists).

Tip/Note

Key Insight - The Decay: When you use an array name in most contexts (like
passing to a function or assigning to a pointer), it ”decays” to a pointer to its first
element. This is why:

• arr equals &arr[0]
• arr[i] equals *(arr + i)
• You can assign int *ptr = arr;
• But you cannot do arr = ptr; (arr is constant)

Warning/Common Issue

Common Array-Pointer Confusion:
• sizeof(arr) gives the size of the entire array (in bytes)
• sizeof(ptr) gives the size of the pointer (usually 8 bytes on 64-bit)
• arr is not a variable - you cannot change it
• &arr gives the address of the array (same numeric value as arr, but different

type)
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3 Pass-by-Reference with Pointers
Practice Activity
Activity 2: Functions That Modify Their Arguments
Learn how to use pointers to simulate pass-by-reference in C, allowing functions to
modify variables in the calling function.

Step-by-Step Instructions:
1. First, demonstrate why pass-by-value doesn’t work for modification
2. Implement the classic swap function using pointers
3. Create functions that return multiple values via pointer parameters
4. See how arrays are automatically passed by reference
5. Practice defensive programming with NULL checks

Complete Example Code:

1 #include <stdio.h>
2

3 // 1. WRONG - Pass by value (only modifies copies)
4 void bad_swap(int a, int b) {
5 printf(" bad_swap received: a=%d, b=%d\n", a, b);
6 int temp = a;
7 a = b;
8 b = temp;
9 printf(" bad_swap after swap: a=%d, b=%d\n", a, b);

10 // When function returns, a and b are destroyed
11 // Original variables unchanged!
12 }
13

14 // 2. CORRECT - Pass by reference using pointers
15 void good_swap(int *a, int *b) {
16 printf(" good_swap received: a points to %d, b points to %d\n",
17 *a, *b);
18 int temp = *a; // temp gets value at address a
19 *a = *b; // Put value from b's address into a's address
20 *b = temp; // Put temp into b's address
21 printf(" good_swap after swap: *a=%d, *b=%d\n", *a, *b);
22 }
23

24 // 3. Function that returns multiple values via pointers
25 void analyze_numbers(int x, int y,
26 int *sum, // Output parameter
27 int *product, // Output parameter
28 int *max) { // Output parameter
29 *sum = x + y;
30 *product = x * y;
31 *max = (x > y) ? x : y;
32 }
33

34 // 4. Safe version with NULL checks
35 int safe_increment(int *ptr) {
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36 if (ptr == NULL) {
37 printf(" Error: NULL pointer received!\n");
38 return -1; // Indicate failure
39 }
40 (*ptr)++;
41 return 0; // Success
42 }
43

44 // 5. Function that modifies an array (arrays automatically passed by
reference)

45 void double_elements(int arr[], int size) {
46 printf(" Doubling elements: ");
47 for (int i = 0; i < size; i++) {
48 arr[i] *= 2; // Modifies original array!
49 printf("%d ", arr[i]);
50 }
51 printf("\n");
52 }
53

54 int main() {
55 printf("=== Pass-by-Reference with Pointers ===\n\n");
56

57 // 1. Demonstrate pass-by-value failure
58 printf("1. Pass-by-value (DOESN'T WORK):\n");
59 int x = 5, y = 10;
60 printf(" Before bad_swap: x=%d, y=%d\n", x, y);
61 bad_swap(x, y);
62 printf(" After bad_swap: x=%d, y=%d (UNCHANGED!)\n", x, y);
63 printf("\n");
64

65 // 2. Demonstrate pass-by-reference success
66 printf("2. Pass-by-reference with pointers (WORKS!):\n");
67 printf(" Before good_swap: x=%d, y=%d\n", x, y);
68 good_swap(&x, &y); // Pass addresses!
69 printf(" After good_swap: x=%d, y=%d (SWAPPED!)\n", x, y);
70 printf("\n");
71

72 // 3. Returning multiple values
73 printf("3. Returning multiple values via pointers:\n");
74 int a = 7, b = 12;
75 int sum, product, max;
76

77 analyze_numbers(a, b, &sum, &product, &max);
78 printf(" Analyzing %d and %d:\n", a, b);
79 printf(" Sum = %d\n", sum);
80 printf(" Product = %d\n", product);
81 printf(" Max = %d\n", max);
82 printf("\n");
83

84 // 4. Safe functions with NULL checks
85 printf("4. Safe functions with NULL checks:\n");
86 int value = 42;
87 int *valid_ptr = &value;
88 int *null_ptr = NULL;
89

90 printf(" With valid pointer: ");
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91 if (safe_increment(valid_ptr) == 0) {
92 printf("value = %d\n", value);
93 }
94

95 printf(" With NULL pointer: ");
96 if (safe_increment(null_ptr) == -1) {
97 printf("Function safely handled NULL\n");
98 }
99 printf("\n");

100

101 // 5. Arrays are automatically passed by reference
102 printf("5. Arrays are automatically pass-by-reference:\n");
103 int numbers[5] = {1, 2, 3, 4, 5};
104

105 printf(" Before double_elements: ");
106 for (int i = 0; i < 5; i++) {
107 printf("%d ", numbers[i]);
108 }
109 printf("\n");
110

111 double_elements(numbers, 5);
112

113 printf(" After double_elements: ");
114 for (int i = 0; i < 5; i++) {
115 printf("%d ", numbers[i]); // Changed!
116 }
117 printf("\n\n");
118

119 // 6. Common pattern: modifying a variable through a function
120 printf("6. Practical example - increment function:\n");
121 int counter = 0;
122 printf(" counter = %d\n", counter);
123

124 // Function to increment (could be in a loop, etc.)
125 void increment(int *n) { (*n)++; }
126

127 increment(&counter);
128 printf(" After increment: %d\n", counter);
129 increment(&counter);
130 printf(" After another increment: %d\n", counter);
131

132 return 0;
133 }

Challenge:
Write a function divide_with_remainder that takes two integers (dividend and di-
visor) and returns both the quotient and remainder via pointer parameters. Include
proper error handling for division by zero and NULL pointers.
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Tip/Note

Understanding Pass-by-Reference:
• C always uses pass-by-value - functions receive copies of arguments
• To modify a variable, pass its address (using &)
• Inside the function, use * to access/modify the original
• For arrays, the array name decays to a pointer, so modifications affect the

original
• Always check for NULL when receiving pointers
• Use const for input-only pointers to prevent accidental modification

Warning/Common Issue

Common Mistakes in This Activity:
1 // WRONG: Forgetting & when calling
2 swap(x, y); // Passing values, not addresses!
3

4 // WRONG: Forgetting * inside function
5 void swap(int *a, int *b) {
6 int temp = a; // WRONG! a is an address
7 a = b; // WRONG! swapping addresses , not values
8 b = temp;
9 }

10

11 // WRONG: Not checking for NULL
12 void process(int *ptr) {
13 *ptr = 10; // CRASH if ptr is NULL!
14 }

4 Pointers and Arrays - Advanced Operations
Practice Activity
Activity 3: Array Manipulation with Pointers
Implement common array operations using pointers to understand their power and
elegance.

Step-by-Step Instructions:
1. Implement array reversal using two pointers (start and end)
2. Create a function to find the minimum and maximum using pointers
3. Implement a linear search that returns a pointer to the found element
4. Build a function that rotates an array using pointer arithmetic
5. Practice all operations with proper bounds checking

Complete Example Code:

1 #include <stdio.h>
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2 #include <stdbool.h>
3

4 // Helper function to print array using pointers
5 void print_array(const int *arr, int size) {
6 printf("[");
7 for (const int *p = arr; p < arr + size; p++) {
8 printf("%d", *p);
9 if (p < arr + size - 1) printf(", ");

10 }
11 printf("]");
12 }
13

14 // 1. Reverse array using two pointers
15 void reverse_array(int *arr, int size) {
16 if (arr == NULL || size <= 1) return;
17

18 int *start = arr; // Pointer to first element
19 int *end = arr + size - 1; // Pointer to last element
20

21 while (start < end) {
22 // Swap the values
23 int temp = *start;
24 *start = *end;
25 *end = temp;
26

27 // Move pointers toward each other
28 start++;
29 end--;
30 }
31 }
32

33 // 2. Find min and max using pointers
34 void find_min_max(const int *arr, int size,
35 int **min_ptr, int **max_ptr) {
36 if (arr == NULL || size <= 0 || min_ptr == NULL || max_ptr == NULL

) {
37 return;
38 }
39

40 // Initialize both to point to first element
41 *min_ptr = (int*)arr;
42 *max_ptr = (int*)arr;
43

44 // Traverse the array using pointer arithmetic
45 for (const int *p = arr + 1; p < arr + size; p++) {
46 if (*p < **min_ptr) {
47 *min_ptr = (int*)p; // New minimum found
48 }
49 if (*p > **max_ptr) {
50 *max_ptr = (int*)p; // New maximum found
51 }
52 }
53 }
54

55 // 3. Linear search returning pointer to element
56 int* find_element(int *arr, int size, int target) {
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57 if (arr == NULL) return NULL;
58

59 for (int *p = arr; p < arr + size; p++) {
60 if (*p == target) {
61 return p; // Return pointer to found element
62 }
63 }
64 return NULL; // Not found
65 }
66

67 // 4. Rotate array left by k positions (using pointer magic)
68 void rotate_left(int *arr, int size, int k) {
69 if (arr == NULL || size <= 1) return;
70

71 // Normalize k to avoid unnecessary rotations
72 k = k % size;
73 if (k == 0) return;
74

75 // Create a temporary array to hold first k elements
76 int temp[k];
77 for (int i = 0; i < k; i++) {
78 temp[i] = arr[i];
79 }
80

81 // Shift remaining elements left
82 for (int i = k; i < size; i++) {
83 arr[i - k] = arr[i];
84 }
85

86 // Copy back the temporary elements to the end
87 for (int i = 0; i < k; i++) {
88 arr[size - k + i] = temp[i];
89 }
90 }
91

92 // 5. More efficient rotate using reversal algorithm
93 void reverse_segment(int *start, int *end) {
94 while (start < end) {
95 int temp = *start;
96 *start = *end;
97 *end = temp;
98 start++;
99 end--;

100 }
101 }
102

103 void rotate_left_efficient(int *arr, int size, int k) {
104 if (arr == NULL || size <= 1) return;
105

106 k = k % size;
107 if (k == 0) return;
108

109 // Three-step reversal algorithm:
110 // 1. Reverse first k elements
111 reverse_segment(arr, arr + k - 1);
112 // 2. Reverse remaining elements
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113 reverse_segment(arr + k, arr + size - 1);
114 // 3. Reverse entire array
115 reverse_segment(arr, arr + size - 1);
116 }
117

118 int main() {
119 printf("=== Advanced Array Operations with Pointers ===\n\n");
120

121 // Test array
122 int arr[] = {10, 20, 30, 40, 50, 60, 70};
123 int size = sizeof(arr) / sizeof(arr[0]);
124

125 printf("Original array: ");
126 print_array(arr, size);
127 printf("\n\n");
128

129 // 1. Reverse array
130 printf("1. Reversing array:\n");
131 reverse_array(arr, size);
132 printf(" After reverse: ");
133 print_array(arr, size);
134 printf("\n\n");
135

136 // Reverse back to original for other tests
137 reverse_array(arr, size);
138

139 // 2. Find min and max
140 printf("2. Finding min and max:\n");
141 int *min_ptr, *max_ptr;
142 find_min_max(arr, size, &min_ptr, &max_ptr);
143 printf(" Minimum value: %d at address %p\n", *min_ptr, (void*)

min_ptr);
144 printf(" Maximum value: %d at address %p\n", *max_ptr, (void*)

max_ptr);
145 printf(" Min index: %ld\n", min_ptr - arr);
146 printf(" Max index: %ld\n", max_ptr - arr);
147 printf("\n");
148

149 // 3. Linear search
150 printf("3. Searching for elements:\n");
151 int search_for[] = {30, 100, 70};
152 for (int i = 0; i < 3; i++) {
153 int target = search_for[i];
154 int *result = find_element(arr, size, target);
155

156 if (result != NULL) {
157 printf(" Found %d at address %p (index %ld)\n",
158 target, (void*)result, result - arr);
159 } else {
160 printf(" %d not found in array\n", target);
161 }
162 }
163 printf("\n");
164

165 // 4. Rotate array
166 printf("4. Rotating array left by 3 positions:\n");
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167 printf(" Before rotation: ");
168 print_array(arr, size);
169 printf("\n");
170

171 rotate_left(arr, size, 3);
172

173 printf(" After rotation: ");
174 print_array(arr, size);
175 printf("\n\n");
176

177 // 5. Demonstrate efficient rotation
178 printf("5. Efficient rotation (right by 2):\n");
179 int arr2[] = {1, 2, 3, 4, 5, 6};
180 int size2 = sizeof(arr2) / sizeof(arr2[0]);
181

182 printf(" Before: ");
183 print_array(arr2, size2);
184 printf("\n");
185

186 // For right rotation , we can use left rotation with k = size - k
187 rotate_left_efficient(arr2, size2, size2 - 2); // Right rotate by

2
188

189 printf(" After: ");
190 print_array(arr2, size2);
191 printf("\n\n");
192

193 // 6. Practical example: modifying found element
194 printf("6. Modifying through found pointer:\n");
195 printf(" Current array: ");
196 print_array(arr, size);
197 printf("\n");
198

199 int *found = find_element(arr, size, 40);
200 if (found != NULL) {
201 printf(" Found 40 at address %p\n", (void*)found);
202 *found = 99; // Modify through pointer
203 printf(" Changed 40 to 99: ");
204 print_array(arr, size);
205 printf("\n");
206 }
207

208 return 0;
209 }

Challenge:
Implement a function merge_sorted_arrays that takes two sorted arrays and their
sizes, and returns a new dynamically allocated array containing all elements in sorted
order. Use only pointer arithmetic for traversal.
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Tip/Note

Two-Pointer Technique: The two-pointer technique (using start and end pointers)
is a powerful pattern for:

• Reversing arrays/strings
• Finding pairs that sum to a target in sorted arrays
• Removing duplicates
• Partitioning arrays
• Many other efficient algorithms

The pointers move toward each other, meeting in the middle.

5 Arrays of Pointers
Practice Activity
Activity 4: Arrays of Pointers and String Tables
Learn how to create and use arrays where each element is a pointer. This is especially
useful for strings and flexible data structures.

Step-by-Step Instructions:
1. Create an array of integer pointers
2. Create an array of strings (array of char pointers)
3. Compare with 2D character arrays
4. Sort an array of strings by swapping pointers (efficient!)
5. Modify strings (carefully, noting read-only memory issues)

Complete Example Code:

1 #include <stdio.h>
2 #include <string.h>
3

4 // Function to print array of strings
5 void print_strings(char *arr[], int size) {
6 for (int i = 0; i < size; i++) {
7 printf(" [%d]: \"%s\" at %p\n", i, arr[i], (void*)arr[i]);
8 }
9 }

10

11 // Function to swap two string pointers
12 void swap_strings(char **a, char **b) {
13 char *temp = *a;
14 *a = *b;
15 *b = temp;
16 }
17

18 // Function to sort strings alphabetically
19 void sort_strings(char *arr[], int size) {
20 for (int i = 0; i < size - 1; i++) {
21 for (int j = i + 1; j < size; j++) {
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22 // Compare strings using strcmp
23 if (strcmp(arr[i], arr[j]) > 0) {
24 swap_strings(&arr[i], &arr[j]); // Swap pointers
25 }
26 }
27 }
28 }
29

30 int main() {
31 printf("=== Arrays of Pointers ===\n\n");
32

33 // 1. Array of integer pointers
34 printf("1. Array of integer pointers:\n");
35 int a = 10, b = 20, c = 30;
36

37 int *ptr_array[3]; // Array of 3 pointers to int
38 ptr_array[0] = &a;
39 ptr_array[1] = &b;
40 ptr_array[2] = &c;
41

42 printf(" Values through pointer array:\n");
43 for (int i = 0; i < 3; i++) {
44 printf(" ptr_array[%d] points to %p, value = %d\n",
45 i, (void*)ptr_array[i], *ptr_array[i]);
46 }
47 printf("\n");
48

49 // 2. Array of strings (char pointers)
50 printf("2. Array of strings:\n");
51 char *days[] = {
52 "Monday", // String literal in read-only memory
53 "Tuesday",
54 "Wednesday",
55 "Thursday",
56 "Friday",
57 "Saturday",
58 "Sunday"
59 };
60 int num_days = sizeof(days) / sizeof(days[0]);
61

62 printf(" Days of the week:\n");
63 for (int i = 0; i < num_days; i++) {
64 printf(" days[%d] = \"%s\" (stored at %p)\n",
65 i, days[i], (void*)days[i]);
66 }
67 printf("\n");
68

69 // 3. Compare with 2D array
70 printf("3. Compare with 2D character array:\n");
71 char days2D[7][10] = {
72 "Monday", "Tuesday", "Wednesday",
73 "Thursday", "Friday", "Saturday", "Sunday"
74 };
75

76 printf(" Memory comparison:\n");
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77 printf(" Array of pointers (days) - pointers stored contiguously
,\n");

78 printf(" strings scattered in read-only memory\n");
79 printf(" 2D array (days2D) - all characters stored contiguously\

n");
80 printf(" Total bytes (pointers): %zu (pointers) + string bytes\n

",
81 sizeof(days));
82 printf(" Total bytes (2D): %zu\n", sizeof(days2D));
83 printf("\n");
84

85 // 4. Sorting strings efficiently
86 printf("4. Sorting strings efficiently:\n");
87 char *names[] = {
88 "Charlie", "Alice", "David", "Bob", "Eve"
89 };
90 int num_names = sizeof(names) / sizeof(names[0]);
91

92 printf(" Before sorting:\n");
93 print_strings(names, num_names);
94

95 sort_strings(names, num_names);
96

97 printf("\n After sorting:\n");
98 print_strings(names, num_names);
99 printf("\n");

100

101 // 5. IMPORTANT: String literals are read-only!
102 printf("5. String literals are read-only:\n");
103 printf(" Trying to modify would cause undefined behavior\n");
104

105 // This would CRASH if uncommented:
106 // names[0][0] = 'Z'; // Attempt to modify read-only memory!
107

108 printf(" To have modifiable strings, use arrays:\n");
109 char modifiable_names[][20] = {
110 "Charlie", "Alice", "David", "Bob", "Eve"
111 };
112 modifiable_names[0][0] = 'Z'; // This works!
113 printf(" Modified: %s\n", modifiable_names[0]);
114 printf("\n");
115

116 // 6. Creating an array of pointers to integers
117 printf("6. Practical: Array of pointers to integers:\n");
118 int values[] = {5, 10, 15, 20, 25};
119 int *value_ptrs[5];
120

121 // Initialize pointers to point to array elements
122 for (int i = 0; i < 5; i++) {
123 value_ptrs[i] = &values[i];
124 }
125

126 printf(" Original values: ");
127 for (int i = 0; i < 5; i++) printf("%d ", values[i]);
128 printf("\n");
129
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130 // Modify through pointer array
131 *value_ptrs[2] = 99; // Change the third element
132 printf(" After modifying through pointer: ");
133 for (int i = 0; i < 5; i++) printf("%d ", values[i]);
134 printf("\n");
135

136 return 0;
137 }

Challenge:
Create an array of pointers to integers. Write a function that sorts the integers
by swapping the pointers (not the integers themselves). This is more efficient than
swapping large structures. Then, create an array of pointers to strings that you can
actually modify (using 2D arrays or dynamic allocation).

Tip/Note

Array of Pointers Advantages:
• Memory efficiency: Strings can have different lengths
• Sorting efficiency: Only pointers are swapped (few bytes), not entire strings
• Flexibility: Easy to add/remove elements by manipulating pointers
• Convenience: Perfect for command-line arguments (char *argv[])

Warning: String literals are stored in read-only memory! To modify strings, use
arrays (char str[][20]) or dynamic allocation.

6 Pointers to Pointers
Practice Activity
Activity 5: Pointers to Pointers (int**)
Explore multiple levels of indirection. Learn why and when you need pointers to
pointers.

Step-by-Step Instructions:
1. Create a simple chain: variable → pointer → pointer-to-pointer
2. Visualize the levels of indirection
3. Use pointers to pointers to modify pointer variables in functions
4. Create a 2D array using pointers to pointers
5. Understand common use cases

Complete Example Code:

1 #include <stdio.h>
2 #include <stdlib.h>
3
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4 void print_indirection_chain(int x, int *ptr, int **pptr) {
5 printf("\nIndirection Chain:\n");
6 printf(" x = %d (value)\n", x);
7 printf(" &x = %p (address of x)\n", (void*)&x);
8 printf(" ptr = %p (stores address of x)\n", (void*)ptr);
9 printf(" *ptr = %d (value through one indirection)\n", *ptr);

10 printf(" &ptr = %p (address of ptr itself)\n", (void*)&ptr);
11 printf(" pptr = %p (stores address of ptr)\n", (void*)pptr);
12 printf(" *pptr = %p (value through pptr - gets ptr's value)\n",
13 (void*)*pptr);
14 printf(" **pptr = %d (value through two indirections)\n", **pptr)

;
15 }
16

17 // Function that modifies a pointer (needs pointer to pointer)
18 void allocate_and_set(int **pptr, int value) {
19 // Allocate memory for an int
20 *pptr = malloc(sizeof(int));
21 if (*pptr != NULL) {
22 **pptr = value; // Set the value
23 printf(" Allocated memory at %p, set to %d\n",
24 (void*)*pptr, **pptr);
25 }
26 }
27

28 // Function to swap two pointers (needs pointer to pointer)
29 void swap_pointers(int **a, int **b) {
30 int *temp = *a;
31 *a = *b;
32 *b = temp;
33 }
34

35 int main() {
36 printf("=== Pointers to Pointers (int**) ===\n\n");
37

38 // 1. Basic indirection chain
39 printf("1. Basic indirection chain:\n");
40 int x = 42;
41 int *ptr = &x;
42 int **pptr = &ptr; // pointer to pointer
43

44 print_indirection_chain(x, ptr, pptr);
45 printf("\n");
46

47 // 2. Modifying through different levels
48 printf("2. Modifying through different levels:\n");
49 printf(" Before: x = %d\n", x);
50

51 **pptr = 100; // Modify through double pointer
52 printf(" After **pptr = 100: x = %d\n", x);
53

54 *ptr = 200; // Modify through single pointer
55 printf(" After *ptr = 200: x = %d\n", x);
56 printf("\n");
57

58 // 3. Modifying a pointer variable through pointer-to-pointer
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59 printf("3. Modifying pointer through pointer-to-pointer:\n");
60 int y = 999;
61 printf(" Before: ptr points to x = %d\n", *ptr);
62

63 *pptr = &y; // Change ptr to point to y (through pptr)
64 printf(" After *pptr = &y: ptr now points to y = %d\n", *ptr);
65 printf("\n");
66

67 // Reset for next example
68 ptr = &x;
69

70 // 4. Function that modifies a pointer (allocation)
71 printf("4. Function that modifies a pointer:\n");
72 int *dynamic_ptr = NULL;
73 printf(" Before allocation: dynamic_ptr = %p\n",
74 (void*)dynamic_ptr);
75

76 allocate_and_set(&dynamic_ptr , 777);
77

78 printf(" After allocation: dynamic_ptr = %p, *dynamic_ptr = %d\n
",

79 (void*)dynamic_ptr , *dynamic_ptr);
80

81 free(dynamic_ptr); // Don't forget to free!
82 printf("\n");
83

84 // 5. Swapping pointers
85 printf("5. Swapping pointers:\n");
86 int num1 = 10, num2 = 20;
87 int *p1 = &num1;
88 int *p2 = &num2;
89

90 printf(" Before swap:\n");
91 printf(" p1 points to %d at %p\n", *p1, (void*)p1);
92 printf(" p2 points to %d at %p\n", *p2, (void*)p2);
93

94 swap_pointers(&p1, &p2);
95

96 printf("\n After swap:\n");
97 printf(" p1 now points to %d at %p\n", *p1, (void*)p1);
98 printf(" p2 now points to %d at %p\n", *p2, (void*)p2);
99 printf("\n");

100

101 // 6. Simple 2D array simulation with pointers to pointers
102 printf("6. Simulating 2D array with pointers to pointers:\n");
103

104 // Create an array of pointers (rows)
105 int *matrix[3];
106

107 // Each row points to an array of integers
108 int row0[4] = {1, 2, 3, 4};
109 int row1[4] = {5, 6, 7, 8};
110 int row2[4] = {9, 10, 11, 12};
111

112 matrix[0] = row0;
113 matrix[1] = row1;
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114 matrix[2] = row2;
115

116 // Access using matrix[row][col] syntax
117 printf(" 2D array (3x4):\n");
118 for (int i = 0; i < 3; i++) {
119 printf(" Row %d: ", i);
120 for (int j = 0; j < 4; j++) {
121 printf("%2d ", matrix[i][j]);
122 }
123 printf("\n");
124 }
125

126 // matrix[i][j] is equivalent to *(*(matrix + i) + j)
127 printf("\n Using pointer arithmetic:\n");
128 printf(" matrix[1][2] = %d\n", matrix[1][2]);
129 printf(" *(*(matrix + 1) + 2) = %d\n", *(*(matrix + 1) + 2));
130

131 return 0;
132 }

Challenge:
Write a function that takes a pointer to a pointer to a string (char **str) and makes
a dynamically allocated copy of the string. The function should modify the original
pointer to point to the new copy. Include proper error handling.

Tip/Note

When to Use Pointers to Pointers:
• When a function needs to modify a pointer argument (like malloc for a pointer)
• For dynamic 2D arrays (array of pointers to rows)
• In linked list operations (especially when modifying the head pointer)
• For arrays of strings (like char **argv)
• In functions that need to ”return” a pointer through a parameter

Warning/Common Issue

Common Double Pointer Mistakes:
1 // Wrong indirection level
2 int x = 5;
3 int *ptr = &x;
4 int **pptr = &ptr;
5

6 printf("%d\n", *pptr); // WRONG: prints address, not value
7 printf("%d\n", **pptr); // CORRECT: prints 5
8

9 // Forgetting to pass address of pointer
10 int *ptr = NULL;
11 allocate_and_set(ptr, 10); // WRONG: passes pointer by value
12 allocate_and_set(&ptr, 10); // CORRECT: passes address of pointer
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7 String Processing with Pointers
Practice Activity
Activity 6: String Functions with Pointers
Implement common string operations using pointers to understand how they work
under the hood.

Step-by-Step Instructions:
1. Implement your own strlen using pointer arithmetic
2. Create a string copy function that returns a pointer
3. Build a string concatenation function
4. Implement string comparison
5. Create a function to reverse a string in-place

Complete Example Code:

1 #include <stdio.h>
2 #include <stdbool.h>
3

4 // 1. Custom strlen using pointer arithmetic
5 size_t my_strlen(const char *str) {
6 if (str == NULL) return 0;
7

8 const char *p = str;
9 while (*p != '\0') {

10 p++;
11 }
12 return p - str; // Pointer subtraction gives length
13 }
14

15 // 2. Custom strcpy (returns pointer to destination for chaining)
16 char* my_strcpy(char *dest, const char *src) {
17 if (dest == NULL || src == NULL) return NULL;
18

19 char *original_dest = dest; // Save to return later
20

21 while (*src != '\0') {
22 *dest = *src;
23 dest++;
24 src++;
25 }
26 *dest = '\0'; // Don't forget null terminator!
27

28 return original_dest;
29 }
30

31 // 3. Custom strcat (concatenate)
32 char* my_strcat(char *dest, const char *src) {
33 if (dest == NULL || src == NULL) return NULL;
34

35 char *original_dest = dest;
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36

37 // Find end of dest string
38 while (*dest != '\0') {
39 dest++;
40 }
41

42 // Copy src to end of dest
43 while (*src != '\0') {
44 *dest = *src;
45 dest++;
46 src++;
47 }
48 *dest = '\0';
49

50 return original_dest;
51 }
52

53 // 4. Custom strcmp
54 int my_strcmp(const char *s1, const char *s2) {
55 if (s1 == NULL || s2 == NULL) {
56 // Handle NULL (consider NULL less than any string)
57 if (s1 == NULL && s2 == NULL) return 0;
58 return (s1 == NULL) ? -1 : 1;
59 }
60

61 while (*s1 && *s2 && *s1 == *s2) {
62 s1++;
63 s2++;
64 }
65

66 // Return difference of first differing characters
67 return *s1 - *s2;
68 }
69

70 // 5. String reverse in-place
71 void reverse_string(char *str) {
72 if (str == NULL) return;
73

74 // Find end of string
75 char *end = str;
76 while (*end != '\0') {
77 end++;
78 }
79 end--; // Point to last character (before null)
80

81 // Swap characters from ends
82 char *start = str;
83 while (start < end) {
84 char temp = *start;
85 *start = *end;
86 *end = temp;
87 start++;
88 end--;
89 }
90 }
91
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92 // 6. Check if string is palindrome
93 bool is_palindrome(const char *str) {
94 if (str == NULL) return false;
95

96 const char *start = str;
97 const char *end = str;
98

99 // Find end
100 while (*end != '\0') {
101 end++;
102 }
103 end--; // Point to last character
104

105 // Compare from both ends
106 while (start < end) {
107 if (*start != *end) {
108 return false;
109 }
110 start++;
111 end--;
112 }
113 return true;
114 }
115

116 // 7. Count words in a string
117 int count_words(const char *str) {
118 if (str == NULL) return 0;
119

120 int count = 0;
121 bool in_word = false;
122

123 while (*str != '\0') {
124 if (*str == ' ' || *str == '\t' || *str == '\n') {
125 in_word = false; // Whitespace - not in word
126 } else if (!in_word) {
127 // Transition from not-in-word to in-word
128 count++;
129 in_word = true;
130 }
131 str++;
132 }
133 return count;
134 }
135

136 int main() {
137 printf("=== String Processing with Pointers ===\n\n");
138

139 // Test strings
140 char str1[100] = "Hello";
141 char str2[100] = " World";
142 char str3[100];
143

144 // 1. Test strlen
145 printf("1. String length:\n");
146 printf(" \"%s\" length = %zu (my_strlen)\n",
147 str1, my_strlen(str1));
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148 printf(" \"%s\" length = %zu (my_strlen)\n",
149 "", my_strlen(""));
150 printf("\n");
151

152 // 2. Test strcpy
153 printf("2. String copy:\n");
154 my_strcpy(str3, str1);
155 printf(" Copied: \"%s\" -> \"%s\"\n", str1, str3);
156 printf("\n");
157

158 // 3. Test strcat
159 printf("3. String concatenation:\n");
160 printf(" Before: \"%s\"\n", str1);
161 my_strcat(str1, str2);
162 printf(" After: \"%s\"\n", str1);
163 printf("\n");
164

165 // 4. Test strcmp
166 printf("4. String comparison:\n");
167 printf(" Compare \"Hello\" and \"Hello\": %d\n",
168 my_strcmp("Hello", "Hello"));
169 printf(" Compare \"Hello\" and \"World\": %d\n",
170 my_strcmp("Hello", "World"));
171 printf(" Compare \"Hello\" and \"Hel\" : %d\n",
172 my_strcmp("Hello", "Hel"));
173 printf("\n");
174

175 // 5. Test reverse
176 printf("5. String reversal:\n");
177 char to_reverse[] = "Hello World";
178 printf(" Original: \"%s\"\n", to_reverse);
179 reverse_string(to_reverse);
180 printf(" Reversed: \"%s\"\n", to_reverse);
181 printf("\n");
182

183 // 6. Test palindrome
184 printf("6. Palindrome check:\n");
185 char *test_strings[] = {"racecar", "hello", "madam", "civic"};
186 for (int i = 0; i < 4; i++) {
187 printf(" \"%s\" is %s palindrome\n",
188 test_strings[i],
189 is_palindrome(test_strings[i]) ? "a" : "not a");
190 }
191 printf("\n");
192

193 // 7. Test word count
194 printf("7. Word count:\n");
195 char *sentences[] = {
196 "The quick brown fox",
197 "Hello",
198 " Spaces around ",
199 "One two three four five"
200 };
201 for (int i = 0; i < 4; i++) {
202 printf(" \"%s\" has %d words\n",
203 sentences[i], count_words(sentences[i]));
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204 }
205

206 return 0;
207 }

Challenge:
Implement a function find_and_replace that takes a string, a target substring, and
a replacement substring, and returns a new dynamically allocated string with all
occurrences replaced. Use only pointer arithmetic for traversal.

Tip/Note

String Pointer Tips:
• Always check for NULL pointers before dereferencing
• Remember that strings are null-terminated ('\0')
• Pointer arithmetic works naturally with char* (sizeof(char) = 1)
• When modifying strings, ensure enough space is allocated
• String literals are read-only - use character arrays for modifiable strings

8 Time Management Guide and Summary
Tip/Note

2-Hour Practice Session Schedule:
• 0:00–0:25: Activity 1 (Array-Pointer Relationship)
• 0:25–0:50: Activity 2 (Pass-by-Reference)
• 0:50–1:15: Activity 3 (Advanced Array Operations)
• 1:15–1:35: Activity 4 (Arrays of Pointers)
• 1:35–1:50: Activity 5 (Pointers to Pointers)
• 1:50–2:00: Activity 6 (String Processing) and Wrap-up

If you have extra time:
• Complete all challenge exercises
• Experiment with more complex pointer arithmetic
• Try to break things intentionally to learn debugging
• Draw memory diagrams for the more complex examples
• Implement a simple linked list using pointers

Warning/Common Issue

Final Pointer Checklist:
1. Is the pointer initialized? (Not containing garbage)
2. Is it NULL? (Check before dereferencing)
3. Does it point to valid memory? (Not freed or out-of-scope)
4. Is the type correct? (int*, char*, etc. match the data)
5. Are pointer arithmetic operations within bounds?
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6. If modifying in a function, did you pass the address (&)?
7. If modifying a pointer in a function, did you use int**?
8. Did you free dynamically allocated memory?

9 Conclusion
Congratulations! You’ve completed both practice sessions on pointers. You now under-
stand:

• Fundamentals: What pointers are, & and * operators, NULL pointers

• Arrays and Pointers: The deep relationship, pointer arithmetic

• Functions: Pass-by-reference, multiple return values

• Advanced Concepts: Arrays of pointers, pointers to pointers

• Applications: String processing, array manipulation

These skills form the foundation for dynamic memory allocation, data structures, and
systems programming in C. Practice regularly and don’t be afraid to experiment!

Master pointers, master C!
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