
CS154 Data Structure in C – Chapter 2 

 
Chapter 2 (Dynamic variable (i.e. pointer), Static variable) 

 
August_04 
 
A2. Identify and explain the error in the program below. [4] 
 

#include<stdio.h> 
 
int *pPtr; 
 
void fun1() { 

int num; 
num=25; 
pPtr= &num; 

} 
 
void main() { 

fun1(); //makes pPtr point to somevalue. 
printf(“value of *pPtr: %d \n “, *pPtr); 

} 
 
Since num is a local variable, [1] when the call of fun1 terminates, num is deleted [1]  
 
So pPtr is now pointing to the location [1] which no longer belongs to this program. 
[1] 

 
 
August_04 
 
A5. (a) Explain each of the following terms, and give an example for each [6] 
 

(ii) Pointers 
 

Data type that holds a memory address [1] 
 
eg char *ptr; [1] 

 
(iii) Malloc 
 

Command to reserve/allocate memory location for a variable. [1] 
 
eg ptr = (char *) malloc(sizeof(char)); [1] 
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(b) Complete the following sentences with the most appropriate word or phrase. [2] 
 

(i) A/an variable is one whose size is fixed at compilation time and which cannot be 
created or destroyed during the compilation process. 

(ii) A/an identifies the first logical node in a linked list. 
 
(i) static [1] 
(ii) head pointer [1] 

 
  (c) Answer the following questions by selecting the most appropriate answer from the list 

given. [3] 
 

(i) Which of the following defines a pointer variable to an integer? 
(A) int &ptr; 
(B) int &&ptr; 
(C) int *ptr; 
(D) int **ptr; 

 
(ii) Which of the following defines and initializes a pointer to the address of x? 

(A) int *ptr; = *x; 
(B) int *ptr = ^x; 
(C) int *ptr=&x; 
(D) int &ptr = *x; 

 
(iii) Which of the following statements assigns the value stored in x to the first element 

of an array, ary? 
(A) ary=x[0]; 
(B) ary= x[1]; 
(C) ary[0] =x; 
(D) ary[1] =x; 
 
(i) (C) int *ptr; [1] 
(ii) (C) int *ptr=&x; [1] 
(iii) (C) ary[0] =x; [1] 

 
(d) Briefly describe the process known as garbage collection and give an example of when it 

might be required. [4] 
 

Garbage collection is a process to keep track of those memory locations which 
contain data that is no longer in use [1] and freeing up such memory locations so 
they can be reused. [1] 

 
       [1 mark for any correct example; 1 mark for clear explanation] 
 

e.g.  void function() {  int item=15;  printf(“%d”, item);  } 
 
        The local variable, item, is created in the above function. Once the function is 

finished, the variable is no longer used. The memory space taken up by item 
will be freed. 
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August_04 
 
B1 (b) (i) Explain three differences between static and dynamic variables. [6] 
 

Static 
• Its size is fixed at compilation time [1] 
• A certain memory location is reserved [1] 
• Cannot be created and destroyed during the execution of the program [1] 
 
Dynamic 
• Its size is not fixed at compilation time [1] 
• No memory location is reserved [1] 
• Can be created and destroyed during the execution of the program [1] 

 
(ii) Give two possible disadvantages of using a static data structure. [2] 
 

If you overestimate the size of the data structure, some memory is wasted. [1] 
 
If you underestimate the size of the data structure, you may be unable to 
process all the data, unless the program is modified. [1] 
 

(iii) Give one example each of static and dynamic data structures. [2] 
 

Static – array [1] 
Dynamic – Linked list [1] 
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April 04 
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December_03  
 
A6. (a) What is wrong with the following code? [2] 
 

 
 
Answer: 
• the pointer, str is not assigned with a valid memory spaces. [1] 
• this is called an uninitialized pointer. [1] 

 
Remark: When a pointer is declared, it does not take up any memory space. If you 

want to use this pointer to store some data for you, you must use malloc to 
allocate some memory spaces before you use it to store data. 

 
(b) What has caused the above error? [2] 
 

• Because it has been declared as a global variable. [2] 
 
December_03 
 
B1.  (c) (i) What is the purpose of NULL when used as a pointer in a C program? [2] 
 

Null does not reference a storage location but instead [1] 
denotes the pointer that does not point to anything. [1] 
 

 (ii) Show how to assign the value NULL to a particular pointer ptr. [2] 
 

ptr = NULL; 
 
[mark breakdown] 
 
• ptr and the assignment symbol (=) [1] 
• NULL must be in uppercase. [1] 
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August_03 
 
A1. (a) Briefly explain three differences between static and dynamic memory allocation. [6] 
 

static memory allocation 
- size is fixed at compilation time [1] 
- certain memory location is reserved [1] 
- cannot be created and destroyed during the execution of the program [1] 
 
dynamic memory allocation 
- not fixed during compilation time [1] 
- no memory location is reserved [1] 
- can be created and destroyed during the execution of the program [1] 

 
 

(b) List any two functions in the C language that are used in dynamic memory allocation. [2] 
 

Any two of the following, 1 mark each: 
 

malloc() [1] 
sizeof() [1] 
free() [1] 
calloc() [1] 

 
(c) Explain one disadvantage of using dynamic memory allocation. [2] 
 

Either of the following answers, up to max 2 marks for each: 
 

If you free a memory location which is still pointed by another pointer, [1] then 
further access to this location will either cause a run-time error or, you will get 
access to a location that is being used for some completely unrelated purpose. [1] 

 
If you forget to free up some unused memory spaces, then you are losing the 
advantages of dynamic allocation. [1] 
 
In some circumstances - e.g. if you were writing the program that manages the 
space on a disk drive, this could be disastrous. [1] 
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August_03 
 
A4. (a) Explain what is meant by a pointer. [2] 
 

Pointer is a variable that references, or points to a storage location. [1] 
Its value is the address of a memory location. [1] 

 
(b) What is the special notation that is normally used for a pointer? [1] 

 
* [1] 

 
(c) Give a C statement showing how to define a pointer called np, which points to an 

integer. [1] 
 

int *np; [1] 
 
or 
 
typedef int *Intpoint; 
Intpoint np; [1] 

 
(d) Which unary operator returns the address of its operand? [1] 

 
& [1] 

 
August_03 
 
B1. (c) List three ways in which a pointer’s value can be changed [3] 

 
Method1: By assigning it to NULL, which gives it a null address  

             e.g. First = NULL;  
[1] 

 
Method2: By assigning it with the address of another pointer of the same type. Both 

pointers will then point to the same location. 
e.g. First = Second;  

[1] 
 
Method3: Using the function malloc. This gives it a brand new address whose 

contents are undefined. 
e.g. First = (int *) malloc (sizeof(int));  

[1] 

 9



CS154 Data Structure in C – Chapter 2 

April_03 
 
A2. Consider the following two C language statements: 
 

Number = (int *) malloc (sizeof(int)); 
free (Number); 

 
Explain the terms below, as they are used in the examples: 

 
(a) Sizeof [2] 
(b) Malloc [2] 
(c) Free [2] 

 
(a) Sizeof – Evaluates the number of bytes required for the data type integer. [2] 

 
(b) Malloc – Dynamically allocates a portion of memory of an integer size and 

returns the address of this allocated location. [2] 
 

(c) Free – frees the memory location that Number is pointing to and returns it to  
the heap. [2] 

 
 
April_03 
 
A4 Consider the following diagrams, and state whether the statements which follow them are 

True or False. 
 

 
 

(a) The statement Q = P; copies into Q the value stored in P . [1] 
 
TRUE [1] 
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(b) 

 
 

*P and *Q are now two names for the same location. [1] 
 
TRUE [1] 

 
(c) *P and *Q now contain the same address: P == Q . [1] 

 
TRUE [1] 

 
(d) Consider this new situation: 

 

 
In this situation, the condition P == Q evaluates to true. [1] 

 
FALSE [1] 

 
(e) In this situation, the condition *P == *Q evaluates to true [1] 

 
TRUE [1] 
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April_03 
 
A5. Briefly explain what is meant by indirect access and direct access. Give an example of 

each. [4] 
 

Indirect Access: 
Access the content of a location by using the middle man, pointers. [1] 
 
Direct Access: 
Access the content of a location by using a normal variable name. [1] 
 
 
e.g.   [2 marks] 
 
int num=15, *ptr=&num; 
 
num=20;  //direct access 
*ptr=100; //indirect access 

 
 
August_01 (NULL Pointer Vs Dangling pointer) 
 
A3 Explain the main difference between a NULL pointer and a Dangling pointer.  
   [  2 marks] 
 
A3 NULL pointer can be checked to see whether the pointer is pointing to a 

node or not, but a Dangling pointer cannot be checked. [  2 marks] 
 
April_02(A3), August_01(A6) 
 
A3.  Explain the meaning of each of the following terms: 
 

(a) Pointer [2] 
 

(a) A pointer is used to point /refer to a memory location  [1] 
It stores the address of the memory location [1] 

 
August_02 (memory allocation) 
 
B1. (d) Assume there is a pointer ptr declared as follows: 

 
char *ptr; 

 
Using C built in functions as necessary, write a C statement to allocate sufficient 
memory for ptr.  [2] 

 
Suggested answer 

 
ptr = (char *) malloc ( sizeof(char) );   [2]    
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August_00 (pointers) 
 
B2. (a) Given the following C pointer manipulation program, complete the statements that 

follow it by choosing the most appropriate answer from the list given. [7] 
 

#include <stdio.h> 
void main(void) { 

  char a[ ] = "Good Day", *ptr, letter1 = 'Q', letter2 = 'T'; 
ptr = &letter1; 
printf("%c\n", *ptr); 
*ptr = letter2; 
printf("%c\n", *ptr); 
ptr = a; 
printf("%s\n", ptr); 
*ptr = a[5]; 
printf("%c", *ptr); 

} 
 

(i) The purpose of the statement ptr = &letter1 is to 
(a) Make the pointer ptr reference to the address of letter1. 
(b) Assign the value in letter1 to ptr. 
(c) Initialise the value of ptr to letter1. 

 
(ii) The output from the first printf statement is 

(a) Good Day 
(b) T 
(c) Q 

 
(iii) The output from the third printf statement is 

(a) T 
(b) Good Day 
(c) Q 

 
(iv) The purpose of the statement *ptr = letter2 is to 

(a) assign the address of letter2 to location referenced by ptr. 
(b) initialise the address in letter2 to location referenced by ptr. 
(c) assign the value in letter2 to location referenced by ptr. 

 
(v) The statement char a[ ] = “Good Day” is: 

(a) an initialisation 
(b) an assignment 
(c) not necessary 

 
(vi) The output from the fourth printf statement is 

(a) a space 
(b) D 
(c) a 
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(vii) The statement ptr = a is valid because 
(a) both the ptr and a holds address in memory location. 
(b) the size in ptr is equal to the size in a. 
(c) ptr only references an array. 

 
Suggested answer 

 
(i) a   [1] 
(ii) c   [1] 
(iii) b   [1] 
(iv) c   [1] 
(v) a   [1] 
(vi) b   [1] 
(vii) a   [1] 

 
 
April_01 (static variable + pointers) 
 
B1. (b) Name two problems which can arise from the use of static data structures.  [2] 

 
Suggested answer 

 
Overestimate of storage required [1] 
Underestimate of storage required [1] 

 
(c)  Trace the program below and write down the output produced.  [6] 

void main() { 
 int *FirstPtr, *SecondPtr, *ThirdPtr; 
 FirstPtr  = (int *)malloc(sizeof(int)); 
 SecondPtr = (int *)malloc(sizeof(int)); 
 *FirstPtr = 10; 
 *SecondPtr = 20; 
 ThirdPtr = FirstPtr; 
 printf("%d  %d  %d\n", *FirstPtr, *SecondPtr, *ThirdPtr);  
 *ThirdPtr += *SecondPtr; 
 printf("%d  %d  %d\n", *FirstPtr, *SecondPtr, *ThirdPtr);  
 *SecondPtr = *ThirdPtr; 
 *FirstPtr = *SecondPtr + 50; 
 printf("%d  %d  %d\n", *FirstPtr, *SecondPtr, *ThirdPtr);  
} 
 

Suggested answer 
 

  10 20 10 [2] 
30 20 30 [2] 
80 30 80 [2] 
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August_01 (static variable) 
 
B1. (c)  List four characteristics of a static variable. [  4 marks] 

Suggested answer 
 

        Size is fixed at compilation time [1] 
A certain memory location is reserved [1] 
Declared in a variable declaration section [1] 
Cannot be created or destroyed during program execution [1] 

 
 
April_02 (static variable) 
 
B1.  (b) Give one disadvantage of using only static variables in a program. Explain two 

problems which might be encountered when using the following static array of data. 
 
int data[200]; [6] 

 
Suggested answer 

 
 Disadvantage: 

The size of variables needed in a program must be predetermined.
 [2] 

 
 Problems created: 
 Overestimate the length of the array and part of the memory is wasted.

 [2] 
 

 Underestimate the necessary array length and unable to process all 
the data unless the program is modified. [2] 

 
 
April_02 (memory allocation) 
 
B3.   (c)  Explain the purpose of the malloc( ) function in the ‘C’ language. [1] 

 
Suggested answer 

 
 The malloc( ) function in ‘C’ is used for allocating memory dynamically.

 [1] 
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April_02 (pointer) 
 
B3.  (f)  List three ways in which a pointer’s value can be changed and state briefly how these 

change are made, by providing ‘C’ statements for each using the variables declared 
below. [6] 

 
int  *P1, *P2; 

 
Suggested answer 

 
Method1: By assigning it to NULL, which gives it a null address   [1] 

             e.g. First = NULL;      [1] 
 

Method2: By assigning it with the address of another pointer of the same type. 
Both pointers will then point to the same location.   [1] 
e.g. First = Second;   [1] 

 
Method3: Using the function malloc. This gives it a brand new address whose 

contents are undefined.  [1] 
e.g. First = (int *) malloc (sizeof(int));    [1] 

 
August_02 (pointer + struct) 
 
B2.  (a) Pointers are an important part of the C language. 

(i) Explain what is a pointer is. [2] 
(ii) Write a complete C program to show how to assign a value of 10 to a variable 

called qty (quantity) which is part of a structure called product. The structure is 
accessed through a pointer ptr, which must be declared. The structure contains 3 
variables: 
 
_ prodid, product identification, a 10-character string 
_ qty, quantity of the product, an integer 
_ price, price of the product, a float [7] 

 
Suggested answer 

 
(i) A pointer is a variable that contains the address of another variable. [2] 
 
(ii) struct product {    [1] 

char prodid[10];    [1] 
int qty;     [1] 
float price;    [1] 

} ; 
struct product *ptr;   [1] 

 
void main() {    [1] 

ptr ->qty = 10;  [1] 
} 
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