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Question 1: Character i/o (2 marks)

What is the output after executing the following C++ statements?

a)

    int n = 0;

    if(‘A‘ == ‘a‘)

        n = 1;

    else if(‘A‘ > ‘a‘)

        n = 2;

    else

        n = 3;

    cout << n << endl;

b)

    int n = 0;

    char c1 = ‘g‘, c2 = ‘6‘;

    char c3 = toupper(c1);

    if(isdigit(c2))

        if(islower(c3))

            n = 1;

        else

            n = 2;

    else

        if(islower(c2))

            n = 3;

        else

            n = 4;

    cout << n << endl;

Key: (2 marks: 1 mark each)
a) 3 

(1 mark)

b) 2 

(1 mark)

Question 2: Strings (5 marks)

What is the output after executing the following C++ programs?

a)

#include <iostream>

#include <string>

using namespace std;

void main(){

    string s = "abc";

    string t = "104";

    string w = "ace";   

    if(w < s)

        t += w;

    else if(w == s)

        t = s;

    else

        t += s + w;

    cout << t << endl;

}

b)

#include <iostream>

#include <string>

using namespace std;

void main(){

    string police = "stop";

    string course = "104";

    string exam;

    int n, size = 2;

    n = police.find("to");

    exam = course.substr(0, size);

    exam = police.substr(n, size+1) + exam;

    cout << exam << endl;

}

Key: (5 marks)
a) 104abcace 
(1-mark: 104, 1-mark: abc, 1-mark: ace)

b) top10 

(1-mark: top, 1-mark: 10)

Question 3: Character and file i/o  (11 marks)

Suppose you are a spy. You want to encrypt the following character sequence, which is stored in a text file named "file1.msg":

    killthebadguy(eof)
Write a program so that the encrypted character sequence is displayed on the screen:

         fdggoczwvybpt

A key, which is a non-zero integer, is used to perform encryption. In this example, the encryption key is -5, since, for example, 'm' is mapped to 'h' (i.e. 5 characters before 'm').

(a) Write the function codec to perform encryption on the input file "file1.msg". Assume the input consists of lowercase characters only, and no whitespace. The function prototype and a driver main function have been written for you, as follows:

void codec(int key)

int main() {

   

codec(-5);

   

return 0;


}


void codec(int key){

3a) Key: (9 marks)

ifstream ins;

 // 1 mark

char ch;



ins.open("file1.msg"); // 1 mark  

while(true){

ins.get(ch);
 // 1 mark

if(ins.eof()) break; // 1 mark

// 4 marks: -1 for each mistake (up to –4)

cout << (char)('a' + (ch - 'a' + key + 26)%26) ; 


}

ins.close();

// 1 mark



}

Question 3: Character and file i/o (continued)
(b) Suppose "file1.msg" contains the following character sequence:

fdggoczwvybpt(eof)

We can actually use the same codec to perform decryption, that is, getting back the original message "killthebadguy". Show how it can be done, by writing the corresponding main() function. Assume the key used in encryption is –5.


int main() {

3b) Key: (2 marks)

codec(+5);

return 0;

}

Question 4: Array Searching (7 marks)

a) If you use binary search on the array {26, 12, 18, 20, 16}, and are searching for the value 16, what value does it return?
b) The following program is supposed to perform an ordered linear search on an array of ascending integers. It will return the index if the value is found, -1 otherwise. Identify and correct the bugs. 

int search(int data[size], int value){



for(int i=0; i<size; i++){




if(data[i]==value)





return value;




else if(data[i] < value)





return i;



}


}

Key: (7 marks)
a) –1 (also okay: not found; array should be sorted before binary search)



(2 marks)

[Note: Everyone gets full marks for part a – too confusing]

b) (5 marks)


int search(int data[], int size, int value){ // 1-mark



for(int i=0; i<size; i++){




if(data[i]==value)





return i;          // 1-mark: value to i




else if(data[i] > value) // 1-mark: < to >





return -1;          // 1-mark: i to -1



}



return -1;                    // 1-mark if added


}

Question 5: Array Sorting (8 marks)

Write a function compute_median() to compute the median of an array of doubles. The function prototype and the algorithm (in the form of pseudocode) are given below:

double compute_median (double A[], int size)

1. if (size <= 0)

return -1

2. if (size == 1)

return the only element in A

3. sort A

4. if size is odd

return the middle element of A

5. if size is even

return the average of two elements in the middle of A

You can assume that A is well defined, that is, its memory has been statically or dynamically allocated, and that all array elements are holding a valid double.

But, you cannot assume it is already sorted beforehand. 

e.g.1 the median of {1,4,3,2,99} is 3

e.g.2 the median of {1,2,3,99} is 2.5


double compute_median (double A[], int size) {

Question 5 Key: (8 marks)
  int i, j, middle;

  double temp;

  if (size == 0) return -1;

// 1 mark

  if (size == 1) return A[0];

// 1 mark

  middle = size / 2;

  for (i=size-1; i>0; i--) // 4 marks (sorting: asc or des)

for (j=0; j<i; j++)

   if (A[j]>A[j+1]) {

temp = A[j];

A[j] = A[j+1];

A[j+1] = temp;

   }

if (size % 2 == 1)

   return A[middle];

// 1 mark

else

   return (A[middle-1] + A[middle])/2;
 // 1 mark

}
Question 6: Abstract Data Types (15 marks)

The class Polygon is an abstract data type that makes use of another class Coordinates to define a planar polygon. A sample main function is also shown. Your job is to define the member functions of class Polygon. Follow the comments at the top of each member function in your implementation. 

class Coordinates {

public:


double x,y;

};

class Polygon {

private:


int num_vertex;


Coordinates vertex[100];

public:


Polygon(int nver);

// constructor


// set vertex[index] to the coordinates


void setVert(int index, double inx, double iny);  


Coordinates getVert(int index) const;


int getNumVert() const;


// compute the polygon centroid (vertex average)


Coordinates computeCentroid() const;

};


Polygon::Polygon(int nver){


// Initializes all vertices to zero


// If nver > 100, print error message and exit program

}


void Polygon::setVert(int index, double inx, double iny){


// Set the values of vertex[index]


// If index out of range, print error msg and exit program

}

Question 6: Abstract Data Types (continued)


Coordinates Polygon::getVert(int index) const { 


// Inspector for vertex[index]


// If index out of range, print error msg and exit program

}


int Polygon::getNumVert() const {


// Inspector for number of vertices

}

Coordinates Polygon::computeCentroid() const {


// Compute the polygon centroid (average value of all vertices)


// If num_vertex is zero, print warning msg. and exit program

}

// main program 

int main(){


Polygon p(4);


Coordinates centroid;


p.setVert(0,50,0);  // a square with 4 vertices


p.setVert(1,50,50); // (50,0), (50,50), (0,50), (0,0)


p.setVert(2,0,50);


p.setVert(3,0,0);


centroid = p.computeCentroid(); // centroid=(25,25)


cout << "Centroid: " << centroid.x << " " << centroid.y << endl;


return 0;                            

}

Question 6 Key: (15 marks)

Polygon::Polygon(int nver){ 



// 4 marks total:

if(nver > 100){




// 1 mark



cout << "nver out of range" << endl;



exit(1);


}


num_vertex = nver; 




// 1 mark


for(int i=0; i<num_vertex; i++)

// sum: 2 marks



vertex[i].x = vertex[i].y = 0;


}

void Polygon::setVert(int index, double inx, double iny){ // 2 marks total:


if(index < 0 || index >= num_vertex){ 
// 1 mark



cout << "index out of range" << endl;



exit(1);


}


vertex[index].x = inx; 



// 1 mark


vertex[index].y = iny; 





}

Coordinates Polygon::getVert(int index) const{ 
// 2 marks total:

if (index < 0 || index >= num_vertex){
// 1 mark



cout << "index out of range" << endl;



exit(1);


}


return vertex[index]; 



// 1 mark

}

int Polygon::getNumVert() const {


// 1 mark total:

return num_vertex; 




// 1 mark

}

Coordinates Polygon::computeCentroid() const {
// 6 marks total:

Coordinates coord;


if(num_vertex == 0) {



// 1 mark



cout << " polygon has no vertices" << endl;



exit(1);


}


coord.x = coord.y = 0;    





for(int i=0; i<num_vertex ; i++){

// sum: 3 marks



coord.x += vertex[i].x;  





coord.y += vertex[i].y;  




}


coord.x /= num_vertex; 



// div: 1 mark 


coord.y /= num_vertex;


return coord;





// ret: 1 mark

}

Question 7: Pointers (10 marks)

What is the output of the following programs?

a)
void main(){



int a=9, b=5, c=3;



int *p, *r, *s=&a;



p = &b;



r = &c;



(*p)--;



p = s;



*p = 2;



*r = *p + *s + 2;



s = r;



r = &b;



cout << a << b << c << endl;



cout << *p << *r << *s << endl;


}

b)
void fun(int *a, int *b, int c, int &d){



*a = *b;



(*b)--;



c += 2;



d *= 3;


}


void main(){



int x=1, y=3, z=4, w=2;



fun(&x, &y, z, w);



cout << x << y << z << w << endl;


}

Key: (10 marks)
a) (6 marks: 1 mark each)


246


246

b) (4 marks: 1 mark each)

3246
Question 8: Dynamic Objects (10 marks)
a) Assuming the class Rational has already been defined, declare and allocate a dynamic array of 200 Rational objects.

b) Given the following definition for the class IntArray:

class IntArray {

public:

IntArray();

IntArray(const IntArray &A);

~IntArray();

int Size();
// inspector for NumberValues

int getElement(int i); // inspector for element i

private:   // data members

int *Values;      // pointer to elements

int NumberValues; // size of list

};

Below is an implementation of the copy constructor for the class IntArray. Identify and correct the bugs. 

IntArray::IntArray(const IntArray a){

        NumberValues = Size();

        Values = int(NumberValues);

        if(Values){

                cout << "Memory allocation error" << endl;

                exit(0);

        }

        for(int i=0; i<a.Size(); i++)

                Values[i] = a[i];

}

Question 8 Key: (10 marks)
a) (5 marks)

    1    1       1      1      1

Rational *ptr = new Rational [200];

or 

Rational *ptr = new Rational[200];

or

Rational *ptr;

ptr = new Rational[200];

b) (5 marks: 1 mark for each bug)

IntArray::IntArray(const IntArray &a){
// 1 mark: &

        NumberValues = a.Size();

// 1 mark: a.

        Values = new int [a.Size()];
// 1 mark

        if(Values==0){



// 1 mark

                cout << "Memory allocation error" << endl;

                exit(0);

        }

        for(int i=0; i<a.Size(); i++)

                Values[i] = a.getElement(i); // 1 mark

}

or

IntArray::IntArray(const IntArray& a){ 
 // 1 mark: &

        NumberValues = a.NumberValues;
 // 1 mark: a.Num…

        Values = new int [NumberValues]; // 1 mark

        if(!Values){



 // 1 mark

                cout << "Memory allocation error" << endl;

                exit(0);

        }

        for(int i=0; i<a.Size(); i++)

                Values[i] = a.Values[i]; // 1 mark

}

Question 9: Linked Lists  (18 marks)
Given the following definitions of the class ListClass, which makes use of the class node to define a linked list:

class node {

  public:

    char data;

    node *next;

};

class ListClass {

  private:

    int Size;

    node *Head;

  public:

    ListClass();


    ListClass(const ListClass &L); // copy constructor

    ~ListClass();      // destructor

    void add(char ch); // add a new node at the END of linked list

    void reverse(const ListClass &L); // reverse a list

    void concatenate(const ListClass &L1, const ListClass &L2); 

// concatenate two lists

};

ListClass::ListClass() 

{
Head = NULL; 
Size = 0; 
}

ListClass::ListClass(const ListClass &L) // copy constructor

{ // .... assume the correct implementation here .... }

ListClass::~ListClass() // destructor

{ // .... assume the correct implementation here .... }

void ListClass::add(char ch) 

// append a new node with data equal to ch at the END of the linked list

{ // .... assume the correct implementation here .... }

Two example ListClass objects, L1 and L2, are shown below; in each case, the end of list is indicated by the NULL pointer:

 L1:
Head -> 'd' -> 'a' -> 'n' -> 'i' ->  'e' -> 'l' -> NULL
Size = 6

 L2:
Head -> 's' -> 'u' -> 'e' -> 'k' -> NULL

Size = 4
In particular, an empty list is represented in ListClass by

 L:
Head -> NULL

Size = 0

You are NOT allowed to use an array (static or dynamic) to implement the following member functions. The string class is also NOT allowed. The given member functions (and their implementations) above are sufficient to implement the following.

Question 9: Linked list (continued)
(a) Write the member function reverse() to reverse a list. With the correct implementation, we should have the following output in the main():

void main() {

  ListClass L1, Rev;

  // L1 is initialized as above

  L1.display();       // "daniel" is displayed

  Rev.reverse(L1);

  L1.display();       // "daniel" is displayed -- no change

  Rev.display();      // "leinad" is displayed

}

Hint: The new node you allocate should be inserted at the beginning of the list: The algorithm in pseudocode is given below:

For each node n in the linked list L1 {


Allocate a new node v;


Copy the content of n to v;


Insert v at the beginning of the new list, pointed at by Head;

}


void ListClass::reverse (const ListClass &L1) { // reverse a list

Key: (9 marks)

// overall marking scheme:

//
traverses each node n of list L1 okay

3 marks

//
allocates new node v, and copies n to v

3 marks

//
inserts v at beginning (and updates Head)
3 marks

  node *lcur, *oldHead;

  lcur = L1.Head;

// 1 mark

  while(lcur != NULL){
// 1 mark

     oldHead  = Head;



// 1 mark

     Head = new node;


// 1 mark

     Head->data = lcur->data;
// 2 marks

     Head->next = oldHead;


// 2 marks 

     lcur = lcur->next;
// 1 mark

  }

  Size = L1.Size; 

}

Question 9: Linked list (continued)
(b) Write the member function concatenate() to concatenate two lists. With the correct implementation, we should have the following output in the main():

    void main() {

      ListClass L1, L2, Res;

      // L1 and L2 are initialized as above

      L1.display();       // "daniel" is displayed

      L2.display();       // "suek" is displayed

      Res.concatenate(L1,L2);

      L1.display();       // "daniel" is displayed  - not changed

      L2.display();       // "suek" is displayed - not changed

      Res.display();      // "danielsuek" is displayed

    }

Hint: Your solution should work correctly when L1 and L2 are empty. Do not change L1 and L2. You can use the add() member function to directly add a node to the current list, which can be assumed to be empty initially. The algorithm is as follows:

For each node n in the linked list L1 {

   add(data of n); // add() creates a node and adds it to the current list

}

For each node n in the linked list L2 {

   add(data of n); // add() creates a node and adds it to the current list

}

Update the size of the current list


void ListClass::concatenate(const ListClass &L1, const ListClass &L2){

  // concatenate two lists

Key: (9 marks)


node *temp;


temp = L1.Head;


// copy L1 4 marks:
1 mark


while(temp != NULL){ 




//
1 mark



add(temp->data);




//
1 mark



temp = temp->next; 



//
1 mark


}


temp = L2.Head;


// append L2 4 marks:
1 mark


while(temp != NULL){ 




//
1 mark



add(temp->data); 



//
1 mark



temp = temp->next; 



//
1 mark


}


Size = L1.Size + L2.Size; // (optional) update size: 1 mark 

// okay to assume add can change size automatically

}

Question 10: Recursion  (14 marks)
a) The following recursive function fib3() is supposed to compute a “Tribonacci” number (an extension of the Fibonacci number), where each number in the sequence is the sum of the proceeding 3 numbers. The Tribonacci sequence is: 0, 1, 2, 3, 6, 11, 20, 37, 68, 125,…. Identify and correct the bugs.


int fib3(int n){



if(n==0) return 0;



cout << fib3(n) * fib3(n-1);


}

b) Write a recursive function digitsum() that takes a non-negative integer as input, and returns the sum of the individual digits. For example,


digitsum(9) returns 9


digitsum(10) returns 1 (1+0)


digitsum(21) returns 3 (2+1)


digitsum(923) returns 14 (9+2+3)


digitsum(71246) returns 20 (7+1+2+4+6)

Question 10 Key: 

a) (6 marks: 1 marks for each bug)

int fib3(int n){



if(n==0) return 0;



if(n==1) return 1;
// 1 mark 



if(n==2) return 2;
// 1 mark

// or: 
if(n<=2) return n;



return fib3(n-1) + fib3(n-2) + fib3(n-3);

//

 4 marks: -1 for each bug not fixed (up to 4)


}

b) (8 marks)

int digitsum(int n){ // 2 marks: int result, int param.



if(n<10) return n;
// 2 marks: stopping condition



return digitsum(n/10) + n%10; // 4 marks: rec def

//

               2         2


}
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