C Programming
Practice Week 5 - 1h
Pointers Fundamentals
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C Programming - Practice Session

1 Introduction to Practice Session

This 1-hour practice session focuses on Pointers Fundamentals in C programming,
covering pointer basics, the address-of operator (&), dereference operator (*), pointer
declaration, initialization, and basic pointer arithmetic. This session complements Lec-
ture 5: Pointers - Addressing Memory Directly. Estimated completion time: 1 hour.

Before You Begin: Make sure you understand these key concepts from the lecture:
» Pointers are variables that store memory addresses, not values
o The & operator gets the address of a variable
» The * operator accesses the value at an address (dereferencing)
o Every variable has a unique memory address
« Pointers must be initialized before use

2 Pointer Basics and Memory Addresses

Practice Activity

Activity 1: Your First Pointer Program
Create a program that demonstrates the basic relationship between variables, their
addresses, and pointers. This will help you visualize how pointers work.

Step-by-Step Instructions:

Create a new C file named first_pointer.c

Include the standard input/output header: #include <stdio.h>

In the main() function, declare an integer variable and initialize it

Print the variable’s value and its memory address using %p format specifier
Declare a pointer variable of type int*

Make the pointer point to your integer variable using the & operator

Print the pointer’s value (which should be the address of your integer)
Dereference the pointer using * to access and print the value

Change the value through the pointer using dereference assignment

Verify the original variable changed
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Complete Example Code:

1|#include <stdio.h>

2

3lint main() {

4 printf ("=== Pointer Basics Demonstration ===\n\n");

6 // Step 1: Declare and initialize a regular integer variable
7 int number = 42;

8

9 // Step 2: Print the variable's value and address

10 printf ("Step 1 - Regular variable:\n");
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11 printf (" Value of number: %d\n", number);

12 printf (" Address of number (&number): %p\n", (voidx*)&number) ;

13 printf ("\n");

14

15 // Step 3: Declare a pointer variable

16 int *ptr; // ptr is a pointer to an integer

17

18 // Step 4: Make the pointer point to number

19 ptr = &number; // ptr now stores the address of number

20

21 printf ("Step 2 - Pointer after initialization:\n");

22 printf (" Value of ptr (the address it holds): %p\n", (void*)ptr);

23 printf (" Address of ptr itself (&ptr): %p\n", (void*)&ptr);

24 printf (" Value pointed to by ptr (xptr): %d\n", *ptr);

25 printf ("\n");

26

27 // Step 5: Modify the original variable through the pointer

28 printf("Step 3 - Modifying through pointer:\n");

29 printf (" Before: number = %d\n", number);

30

31 *ptr = 100; // Change the value at the address ptr points to

32

33 printf (" After *ptr = 100:\n");

34 printf (" number = %d\n", number);

35 printf (" xptr = %d\n", *ptr);

36 printf ("\n");

37

38 // Step 6: Verify the relationship

39 printf ("Step 4 - Verification:\n");

40 printf (" &number = %p\n", (voidx*)&number);

41 printf (" ptr = %p\n", (voidx*)ptr);

42 printf (" & (xptr) = %p\n", (void*)&(*ptr)); // Address of value
pointed to

43

44 if (ptr == &number) {

45 printf (" ptr correctly points to number!\n");

46 }

a7

48 return 0;

49| }

Expected Output (addresses will vary):

1|=== Pointer Basics Demonstration ===

3/Step 1 - Regular variable:
4 Value of number: 42
5 Address of number (&number): 0x7ffc12345678

7|Step 2 - Pointer after initialization:

s| Value of ptr (the address it holds): O0x7ffc12345678
9| Address of ptr itself (&ptr): 0x7£ffcl1234567c

10| Value pointed to by ptr (*ptr): 42

12/ Step 3 - Modifying through pointer:
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13 Before: number = 42
14 After *ptr = 100:
15 number = 100

16 *ptr = 100

15| Step 4 - Verification:

19 &number = 0x7£f£c12345678

20 ptr = 0x7£f£fc12345678

21 &(xptr) = 0x7ffc12345678

22 ptr correctly points to number!

Challenge:

Modify the program to work with a double variable instead of an int. What changes
do you need to make?

Tip/Note

Understanding the Output:
o Jp is the format specifier for printing addresses (pointers)
o We cast to (void*) when printing pointers for compatibility
o The address 0x7££fc12345678 is just an example - your actual address will be
different
« Notice that ptr has its own address (&ptr) different from the address it stores
« The expression &(*ptr) gives you back the pointer itself (they are inverses)

Warning/Common Issue

Common Mistakes in This Activity:

o Forgetting to initialize the pointer before using it: int *ptr; *ptr = 5; is
DANGEROUS!

o Using & when you don’t need it: ptr = &number; is correct, ptr = number; is
wrong

« Confusing * in declaration vs. use: In int *ptr;, the * means "pointer to”; in
*ptr = 5;, it means "dereference”

« Printing a pointer with %d instead of %p - this will show garbage

3 Multiple Pointers and Pointer Types

Practice Activity

Activity 2: Working with Multiple Pointers and Different Types
Create a program that demonstrates pointers to different data types and multiple
pointers pointing to the same variable.

Step-by-Step Instructions:

1. Declare variables of different types: int, float, char
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Declare pointers of matching types for each variable

Make each pointer point to its corresponding variable

Print values and addresses for all variables and pointers
Create multiple pointers pointing to the same variable
Demonstrate that changing through one pointer affects all
Show what happens when you assign one pointer to another
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Complete Example Code:

#tinclude <stdio.h>

int main() {
printf ("=== Multiple Pointers and Different Types ===\n\n");

// 1. Declare variables of different types
int int_var = 10;

float float_var = 3.14f;

char char_var = 'A';

printf ("Original variables:\n");

printf (" int_var: value = %d, address = %p\n", int_var, (voidx*)&
int_var);

printf (" float_var: value = %.2f, address = %p\n", float_var, (
voidx*)&float_var) ;

printf (" char_var: value = Y%c, address = %p\n", char_var, (voidx)
&char_var) ;

printf ("\n");

// 2. Declare pointers of matching types
int *int_ptr;

float *float_ptr;

char *char_ptr;

// 3. Make each pointer point to its corresponding variable

int_ptr = &int_var;
float_ptr = &float_var;
char_ptr = &char_var;

printf ("Pointers pointing to variables:\n");

printf (" int_ptr: points to %p, value through pointer = %d\n",
(void*)int_ptr, *int_ptr);

printf (" float_ptr: points to %p, value through pointer = 7.2f\n"

(voidx*) float_ptr, *float_ptr);

printf (" char_ptr: points to %p, value through pointer = Y%c\n",
(voidx*) char_ptr, *char_ptr);

printf ("\n");

// 4. Demonstrate pointer sizes (important!)

printf ("Pointer sizes (in bytes):\n");

printf (" sizeof (int_ptr) = %zu\n", sizeof (int_ptr));
printf (" sizeof (float_ptr) = %zul\n", sizeof (float_ptr));
printf (" sizeof (char_ptr) = %zu\n", sizeof (char_ptr));
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41 printf (" All pointers are the same size regardless of what they
point to!\n");

42 printf ("\n");

43

44 // 5. Multiple pointers pointing to the same variable

45 printf ("Multiple pointers to the same variable:\n");

46 int *ptrl = &int_var;

47 int *ptr2 = &int_var; // Another pointer to the same variable

48 int *ptr3 = ptri; // ptr3 now also points to int_var

50 printf (" ptri %p, *ptrl = %d\n", (voidx*)ptrl, *ptrl);

51 printf (" ptr2 = Y%p, *ptr2 = Jd\n", (voidx)ptr2, *ptr2);

52 printf (" ptr3 = %p, *ptr3 = %d\n", (void#*)ptr3, *ptr3);

53 printf ("\n");

54

55 // 6. Modify through one pointer and see the effect on others

56 printf ("Modifying through ptr2:\n");

57 *ptr2 = 999; // Change the value through ptr2

58 printf (" After xptr2 = 999:\n");

59 printf (" int_var = %d\n", int_var);

60 printf (" *ptrl = %d\n", *xptrl);

61 printf (" *ptr2 = %d\n", *xptr2);

62 printf (" *ptr3 = %d\n", *xptr3);

63 printf (" All reflect the same value because they all point to the
same location!\n");

64 printf ("\n");

65

66 // 7. Important: Pointers must be of the correct type

67 printf ("Type matching is crucial:\n");

68 // Uncommenting the following line would cause a compiler warning

69 // int_ptr = &float_var; // WRONG! Can't point float* with int*

70

71 // But we can force it with a cast (dangerous!)

72 int_ptr = (int*)&float_var; // This compiles but is VERY
dangerous

73 printf (" After forcing int_ptr to point to float_var:\n");

74 printf (" *int_ptr = J%d (interprets float bits as int!)\n", *
int_ptr);

=i
ot

printf (" This demonstrates why pointer types matter!\n");

[

return O;

=0 =0 =
N
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Challenge:

Create a program that uses three different pointers to the same double variable.
Modify the value through each pointer and print the results. Then, try to make an
int* point to the double and observe what happens when you dereference it.

Tip/Note

Key Insights:
« All pointers on a given system are the same size (typically 4 bytes on 32-bit, 8
bytes on 64-bit)
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o The type of pointer determines how the data at the address is interpreted

o Multiple pointers to the same location all access the same data

o Changing data through one pointer affects all others pointing to that location

» Pointer types must match the data they point to, unless you use explicit casting
(which is dangerous)

Warning/Common Issue

Danger of Wrong Pointer Types:

int x = 65;

N =

char *cp = (char*)&x; // Force char pointer to point to int
3| printf ("%c\n", *cp); // Might print 'A' (if little-endian) or
garbage

This code treats the integer’s memory as if it contained a character. This can lead to:
o Wrong values being read
 Platform-dependent behavior (endianness issues)
 Alignment problems (some architectures crash)
o Hard-to-find bugs

4 NULL Pointers and Safe Practices
Practice Activity

Activity 3: NULL Pointers and Defensive Programming
Learn how to use NULL pointers safely and understand what happens when things
g0 wrong.

Step-by-Step Instructions:

Declare a pointer and initialize it to NULL

Check if a pointer is NULL before dereferencing

Demonstrate the danger of uninitialized pointers

Show how setting pointers to NULL after use prevents accidents
Create a function that safely handles NULL pointers

oo 89 I =

Complete Example Code:

1|#include <stdio.h>
o|#include <stdlib.h> // for NULL definition

// Safe function that handles NULL pointers
5| void safe_increment (int *ptr) {

6 if (ptr == NULL) {
7 printf (" Warning: Received NULL pointer, cannot increment\n")
8 return;
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(xptr)++; // Safe to dereference now
printf (" Value incremented to: %d\n", *ptr);

int main() {

printf ("=== NULL Pointers and Safe Practices ===\n\n");

// 1. Initialize pointer to NULL
int *ptr = NULL;

printf("1. Pointer initialized to NULL:\n");
printf (" ptr = %p\n", (voidx*)ptr);

// 2. Check before dereferencing (SAFE)
printf ("\n2. Safe NULL check:\n");
if (ptr !'= NULL) {
xptr = 10; // This won't execute because ptr is NULL
} else {
printf (" ptr is NULL, skipping dereference (safe)\n");
}

// 3. Demonstrate safe function with NULL
printf ("\n3. Using safe function with NULL:\n");
safe_increment (ptr);

// 4. Now make pointer point to a real variable
printf ("\n4. Using pointer with valid address:\n");
int value = 5;

ptr = &value;

printf (" Before safe_increment: value = %d\n", value);
safe_increment (ptr) ;
printf (" After safe_increment: value = %d\n", value);

// 5. DANGER ZONE - Uncomment at your own risk!
printf ("\n5. DANGEROUS CODE (commented out for safety):\n");
/ *

int *bad_ptr; // Uninitialized - contains garbage!
printf (" bad_ptr contains: %p (garbage address)\n", (void*)
bad_ptr);

*bad_ptr = 42; // CRASH! Undefined behavior - program will likely
crash

*/
printf (" Uninitialized pointers contain garbage addresses\n");
printf (" Dereferencing them causes undefined behavior (usually a

crash)\n");

// 6. Good practice: Set to NULL after use

printf ("\n6. Good practice - setting to NULL after use:\n");
ptr = &value;

printf (" ptr points to value at %p\n", (voidx)ptr);

// After we're done using ptr
ptr = NULL;
printf (" After setting to NULL: ptr = %p\n", (voidx*)ptr);
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64 // 7. free() and NULL (preview of dynamic memory)

65 printf ("\n7. Free and NULL pattern:\n");

66 int *dynamic_ptr = malloc(sizeof(int)); // Allocate memory
67

68 if (dynamic_ptr != NULL) {

69 *dynamic_ptr = 100;

70 printf (" Dynamic memory allocated, value = %d\n", x*

dynamic_ptr);

iy

72 free(dynamic_ptr); // Free the memory

73 dynamic_ptr = NULL; // Set to NULL to avoid dangling
pointer

74 printf (" Memory freed, pointer set to NULL\n");

75 }

76

77 // Now it's safe to check before using again

78 if (dynamic_ptr == NULL) {

79 printf (" Pointer is NULL, safe to check but not dereference\
n");

80 }

81

82 return O0;

83| }
84
85| // Extra example: Function that returns a pointer
s6| int* create_array(int size) {

87 if (size <= 0) {

88 return NULL; // Return NULL for invalid input
89 }

90

91 int *arr = malloc(size * sizeof (int));

92 // Even if malloc fails, it returns NULL, which is fine
93 return arr;

04| }

Challenge:

Write a function find_largest(int *arr, int size) that returns a pointer to the
largest element in an array. If the array is NULL or size is 0, return NULL. Test your
function with both valid and invalid inputs.

Tip/Note

NULL Pointer Best Practices:
o Always initialize pointers to NULL when you declare them
e Check for NULL before dereferencing any pointer
o After free()-ing memory, set the pointer to NULL
o Functions that return pointers should return NULL on failure
o NULL is defined as (void#*)0 and is guaranteed to not point to any valid data




C Programming - Practice Session 10

Warning/Common Issue

Catastrophic Pointer Errors:
1. Uninitialized pointer: int *p; *p = 10; - p contains garbage address
2. NULL dereference: int *p = NULL; *p = 10; - guaranteed crash
3. Dangling pointer: Using memory after it’s freed
4. Double free: Calling free() twice on same pointer
These errors can cause crashes, data corruption, or security vulnerabilities!

5 Basic Pointer Arithmetic

Practice Activity

Activity 4: Introduction to Pointer Arithmetic
Learn how pointer arithmetic works and how it relates to arrays.

Step-by-Step Instructions:

Create an array of integers

Create a pointer to the first element

Use pointer arithmetic to access each element

Compare pointer arithmetic with array indexing

Observe how adding 1 to a pointer moves by the size of the type
Try pointer arithmetic with different types

& S s Y =

Complete Example Code:

#include <stdio.h>

[

3lint main() {
| printf ("=== Basic Pointer Arithmetic ===\n\n");

6 // 1. Create an array
7 int arr[5] = {10, 20, 30, 40, 50};

9 printf ("Array elements and addresses:\n");

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

11 printf (" arr([%d] = %d at address %p\n",
12 i, arr[i], (voidx*)&arr[i]);

13 +

14 printf ("\n");

16 // 2. Pointer to first element
17 int *ptr = &arr[0]; // or simply: int *ptr = arr;

19 printf ("ptr points to first element: %p\n", (voidx*)ptr);
20 printf ("*ptr = %d\n", *ptr);
21 printf ("\n");

3 // 3. Pointer arithmetic - accessing elements
1 printf ("Accessing elements with pointer arithmetic:\n");
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62
63
64
65
66
67

68

printf (" *(ptr + 0) = %d (arr[0])\n", *x(ptr + 0));
printf (" *(ptr + 1) = %d (arr[1])\n", *(ptr + 1));
printf (" *(ptr + 2) = %d (arr[2])\n", *(ptr + 2));
printf (" *(ptr + 3) = %d (arr[3])\n", *(ptr + 3));
printf (" *(ptr + 4) = %d (arr[4])\n", *x(ptr + 4));

printf ("\n");

// 4. Show that arr[i] is exactly the same as *(arr + i)
printf ("Proof that arr[i] == *(arr + i):\n");
for (int i = 0; i < 5; i++) {
printf (" arr[%d] = %d, *x(arr + %d) = %d - %s\n",
i, arr([i], i, *(arr + i),
(arr[i] == *(arr + i)) 7?7 "EQUAL" : "DIFFERENT");
}
printf ("\n");

// 5. Demonstrate pointer increment

printf ("Pointer increment demonstration:\n");

ptr = arr; // Reset to beginning

printf (" Initial ptr = %p, *ptr = %d\n", (voidx)ptr, *ptr);

ptr++; // Move to next element
printf (" After ptr++: ptr = %p, *ptr = %d\n", (voidx*)ptr, *ptr);

ptr += 2; // Move forward 2 more elements
printf (" After ptr += 2: ptr = %p, *ptr = %d\n", (voidx*)ptr, *ptr
);

ptr--; // Move back 1 element
printf (" After ptr--: ptr = %p, *ptr = %d\n", (void*)ptr, *ptr);
printf ("\n");

// 6. IMPORTANT: Pointer arithmetic is scaled by type size
printf ("Pointer arithmetic scaling (int is %zu bytes) :\n", sizeof (
int));
printf (" Address of arr[0]: %p\n", (voidx*)&arr[0]);
printf (" Address of arr[1]: %p\n", (voidx)&arr([1]);
printf (" Difference in bytes: %td\n",
(char*)&arr[1] - (charx*)&arr[0]); // Cast to char*x for
byte difference

printf (" ptr + 1 adds %zu bytes, not 1 byte!\n", sizeof (int));
printf ("\n");

// 7. Compare with different types

printf ("Pointer arithmetic with different types:\n");
char char_arr[5] = {'a', 'b', 'c', 'd', 'e'};

double double_arr[5] = {1.1, 2.2, 3.3, 4.4, 5.5};

char *cptr = char_arr;
double *dptr = double_arr;

printf (" char*: adding 1 moves by %zu byte\n", sizeof (char));
printf (" cptr = %p, cptr+l = Y%p, difference = %td bytes\n",
(voidx*)cptr, (voidx) (cptr + 1),
(charx*) (cptr + 1) - (char*)cptr);
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79 printf (" double*: adding 1 moves by %zu bytes\n", sizeof (double))
80 printf (" dptr = %p, dptr+l = Yp, difference = %td bytes\n",

81 (void*)dptr, (voidx) (dptr + 1),

82 (charx*) (dptr + 1) - (charx*)dptr);

83

84 return O;

85| }

Challenge:

Write a program that uses a pointer to traverse an array backwards (from last element
to first). Then modify it to calculate the sum of all elements using only pointer
arithmetic (no array indexing).

Tip/Note

Pointer Arithmetic Rules:
e ptr + n moves forward n * sizeof (xptr) bytes
e ptr - n moves backward n * sizeof (xptr) bytes
e ptr++ moves to the next element
e ptr-- moves to the previous element
e ptrl - ptr2 gives the number of elements between them (if in same array)
« Adding two pointers is NOT allowed (makes no sense)

@]

Time Management Guide

Tip/Note

1-Hour Practice Session Schedule:
e 0:00-0:15: Activity 1 (Your First Pointer Program)
e 0:15-0:30: Activity 2 (Multiple Pointers and Different Types)
e 0:30-0:40: Activity 3 (NULL Pointers and Safe Practices)
e 0:40-0:55: Activity 4 (Basic Pointer Arithmetic)
e 0:55-1:00: Review and clean up
If you have extra time:
o Complete all challenge exercises
o Experiment with different data types
« Try to intentionally cause and observe pointer errors (in a safe environment)
o Draw memory diagrams for each program

Warning/Common Issue

Key Points to Remember:
1. Always initialize pointers - uninitialized pointers are dangerous
2. Check for NULL before dereferencing
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3. Pointers have types - the type determines how arithmetic works

4. & and * are inverses - &(*ptr) == ptr and *(&x) == x

5. Array names are constant pointers - you can’'t change arr

6. Pointer arithmetic is scaled - ptr+1 moves by sizeof (*ptr) bytes

7 Conclusion

You've completed the first practice session on pointers! You now understand the funda-
mental concepts: what pointers are, how to declare and initialize them, how to use & and
*, the importance of NULL, and basic pointer arithmetic. These skills are essential for the
next session, where we’ll explore the powerful relationship between pointers and arrays,
and learn how to use pointers with functions.

Practice makes perfect - keep experimenting with
pointers!
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