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Question 1:  I/O stream (8 marks)

The following program is supposed to read in a file from the keyboard and save the file to "data.txt”. Correct any bugs.

#include <iostream>

#include <fstream>

using namespace std;            

int main( ){


char next;

  
ofstream fout;

  
cout << "Enter a line of input ";


cout <<  "and I will put it into data.txt: "; 


do{



cin >> next;



cout << next;


}while(next!='\n');


return 0;

}

Key [8 marks]
Need to open the output file “data.txt” (2 marks) and close it (2 marks)

cin>>next should be cin.get(next) (2 marks)

cout << next should be fout << next (2 marks)
#include <iostream>

#include <fstream>

using namespace std;         

int main( ){


char next;

  
ofstream fout;

  
cout << "Enter a line of input ";


cout <<  "and I will put it into data.txt: "; 


fout.open("data.txt");


do{



cin.get(next);



fout << next;


}while(next!='\n');


fout.close();


return 0;

}

Question 2: Array searching and sorting (8 marks)

a) Show how the array A[] changes after each swap using bubble sort to sort the array from low to high (in increasing order).

int A[4]={4,3,2,1};

Key:

a) [4 marks, -1 for each mistake]

3 4 2 1

3 2 4 1

3 2 1 4
2 3 1 4

2 1 3 4

1 2 3 4

b) Show how the array A[] changes after each swap using selection sort to sort the array from low to high (in increasing order).

int A[4]={4,3,2,1};

Key:

b) [4 marks, 2 marks for each row]

1 3 2 4
1 2 3 4
Question 3:  Classes (3 marks)
 What is the output after executing the following program?

#include <iostream>

using namespace std;

class test

{

   public:

       test(int,int);

       int sample(int,int);

   private:

      int a;

      int b;

};

test::test(int i,int j){

   a=i;   b=j;

} 

int test::sample(int x,int y){

     int c;

     a=a*a+x*x;

     b=b*b+y*y;

     c=a-b;

     return(c);

}

int main() {

     int result;

     test c1(2,3);

     result=c1.sample(4,2);

     cout << result << endl;

     return 0;

}

Key

7

Question 4: Classes (4 marks)

You are given the following class definition:

class Date {


public:

Date( );

Date(int day, int month, int year);

Date(int day, int month);


private:

int d,m,y;

};

For each of the following declarations circle Legal if the declaration is legal, otherwise circle Illegal:

Date  examday; 



//  Legal    illegal

Date birthday(27,7,1990); 

//  Legal    illegal
Date pianoClass(5); 


//  Legal    illegal
Date comp104Class(5,1); 


//  Legal    illegal

Key

Date  examday; 



//  Legal 

Date birthday(27,7,1990); 


//  Legal 

Date pianoClass(5); 



//   Illegal
Date comp104Class(5,1); 


//  Legal 

Question 5: Classes (6 marks)
 Given the following main() program and definition for the class  Matrix10 (which represents a 10x10 matrix):

class Matrix10 {

public:


Matrix10();    // default value constructor: init. all to 0


void set(int row , int col, double value);


Matrix10 Add(const Matrix10 b) const; 

private:         // data members


double data[10][10]; 

};

Matrix10::Matrix10() {


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



for (int j=0; j<10; j++)




data[i][j]=0.0;

}

void Matrix10::set(int row, int col, double value){


if(row >=0 && row <10 && col >= 0 && col <10)



data[row][col] = value;

}

void main() {


Matrix10 a,b,c;


for (int r=0; r<10; r++)



for (int c=0;c<10;c++) {




a.set(r,c,r*c);




b.set(r,c,r+c);



}


c = a.Add(b);

}

Implement the member function Add(), which adds two Matrix10 matrices.

Key: [6 marks; -1 for each mistake]

Matrix10 Matrix10::Add(const Matrix10 b) const {



Matrix10 sum;


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



for (int j=0; j<10; j++)




sum.data[i][j]=data[i][j]+b.data[i][j];



return sum;

}
Question 6: Classes and Character I/O (10 marks) 

Below is the class definition for String.  The size of string can vary up to 65534 characters in length, but the last character in the string will always be an ASCII NUL character ('\0'). 

class String{

  public:

 
String();                      // default constructor


String(const String& s);       // copy constructor


int length() const;    // return the length of the string


...

  private:


char chararray[65535];

};

a) Implement the member function length().
Key: [5 marks; -1 for each mistake]

int String::length() const {


int index=0;


while(chararray[index] != '\0')



index++;


return index;

}

b) Implement the copy constructor.

Key: [5 marks; -1 for each mistake

String::String(const String& s) {


int i=0;


while(true){



chararray[i] = s.chararray[i];



if(s.chararray[i] == '\0')




break;



i++;


}

}

or 


int i=0;


while(s.chararray[i] != '\0'){



chararray[i] = s.chararray[i];



i++;


}


chararray[i] = '\0';

or


int len = s.length();


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



chararray[i]=s.chararray[i];
Question 7: Local and global class objects (8 marks)

Given the following program:

//---------------------class definitions-------------------

class foo {

  public : 

    foo(int inx=-1);

    foo(const foo &a);  

    ~foo();            

    void set(int inx);  

    int get() const;

    void display() const;

  private: 

    int *x;

};

//---------------------member function implementation-----

foo::foo(int inx){

// default constructor

x = new int; 

*x = inx; 

}  

foo::foo(const foo &a){ 
// copy constructor

x = new int; 

*x = a.get(); 

} 

foo::~foo(){ 


// destructor

delete x; 

x = NULL; 

}
 

void foo::set(int inx){ 
// mutator : set *x  

*x = inx; 

}  

int foo::get() const { 

// inspect : return *x

return *x; 

}    

void foo::display () const { 
// inspector: display *x

cout << *x << " "; 

}   

//----------------------global variables--------------

foo A(9), B(8), C(7), D(6);   

void Two(foo& C, foo& D, foo& A) {

C.set(8); D.set(9); A.set(10);

A.display(); B.display(); C.display(); D.display(); cout << endl;

}

void One(foo &A, foo& B, foo &D) {

foo C(B);

A.set(11); B.set(12); C.set(13); D.set(14);

Two(D,B,A);

}

void main() {

foo D;

A.set(4); B.set(3); C.set(2); D.set(1);

One(B,C,D);

A.display(); B.display(); C.display(); D.display(); cout << endl;

}             

What is the output of the program defined above? 

Key:  [8 marks; 1 mark each]

10 10 8 9

4 10 9 8

Questions 8: Pointers (6 marks)

What is the output of the following program?

void main(){

int a=2,b=3,c=5; 

int *p,*q,*s;

  
p = &a;

a--;

q = &c;

*p = b;

s = p;

*q += *s;

*s = c+2;

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

cout << *p << " " << *q << " " << *s << endl;

}

Key:

  
10 3 8

     
10 8 10

Question 9: Dynamic objects (3 marks)

You are given the class integer and the following 3 programs. Circle D if the execution of the program results in a dangling pointer error, circle M if the execution of the program results in a memory leak, circle OK if the program has no problem.

class integer {


public:



integer( );



void print();


private: 



int  x;

};

integer::integer() {


x=0;

}

void integer::print() {


cout << x;

}

	void main( ) {

integer *x=new integer;

integer *y=new integer;

x->print();

y->print();

delete x;

delete y;

}
	void main( ) {

integer *x=new integer;

integer *y=new integer;

delete y;

y=x;

x->print( );

y->print( );

delete x;

y->print( );

}
	void main( ) {

integer *x=new integer;

integer *y=new integer;  
integer i;

y=x;      


x=&i;

x->print( );     

y->print( );

delete y;

}

	D                 M                 OK
	D                 M                 OK
	D                 M                 OK


Key

No problem (OK), dangling pointer (D), memory leak (M)

Question 10: Dynamic Objects  (11 marks)
 Given the following definition for the class  DoubleArray:

class DoubleArray {

public:

DoubleArray(); 

// default value constructor

DoubleArray(const DoubleArray &A); 

// copy constructor

~DoubleArray(); // destructor

int Size() const;
// inspector for NumberValues

double getElement(int i) const; 

// inspector for element at position i

void delFirstElement();

// delete the first element of the array

private:   // data members

double *data;      // pointer to elements

int number; // number of elements

};

a) (5 marks) Implement the copy constructor of the class DoubleArray.

Key:  [5 marks; -1 for each mistake]

DoubleArray::DoubleArray(const DoubleArray &a){
       

number = a.number;
// or: number = a.Size();

data = new double[number];
       

 if(data==0){
// -1 if forget memory test



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

                exit(0);

        
}

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

                data[i] = a.getElement(i); //or:= a.data[i];

}

b)  (4 marks) Implement the member function delFirstElement() which deletes the first element of  the current array.

Key:  [4 marks; -1 for each mistake]

void DoubleArray::delFirstElement(){



double *olddata;



if(number == 0) return;

olddata = data;
       

data = new double [number-1];
       

 if(data==0){





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

                exit(0);

        
}

        
for(int i=0; i<number-1; i++)

                data[i] = olddata[i+1]; 

number--;



delete [] olddata;

}

or



if(number == 0) return;

number--;

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

                data[i] = data[i+1];

incorrect answer:



if(number == 0) return;

number--;

        
data++;
// results in memory leak: -3 marks

c) (2 marks) Implement the destructor ~DoubleArray().
Key: 
c) 

DoubleArray::~DoubleArray() {

       
delete [] data;

}

Question 11: Linked list (7 marks)

What is the output of the following program?

class node {

  public:


int data;


node *next;

};

void main() {


node *p, *q, *r, *head;


head = new node;


p = new node;


q = new node;


head->data = 4;


p->data=3;


q->data = 2;


head->next = p;

r = head;


head = head->next;


head->next = q;


q->next = r;

cout << head->data;

p=p->next;


while(p!=head) {



cout << p->data;



p=p->next;

}

cout << head->data << p->data << q->data << r->data;

}

Key:     [7 marks; 1 mark each digit]
3243324

Question 12: Linked list  (14 marks)
Consider the following definition of an abstract data type ListClass, a linked list. 

//----------------------class definitions-----------

class node {

  public: 

    char data;

    node *next;

};

typedef node* Ptr;

class ListClass {

  public:

    ListClass();                   // default constructor

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

    ~ListClass();                  // destructor

    node *GetHead() const;         // inspector returns list head 

    void display() const;          // display a list

    void add(char ch);  

          /* append a node to the end of the list

            for example, if L.Head = [ danie ], 

            after a call L.add('l'), L.Head = [ daniel ]. */

    bool equal(const ListClass &L); //  equal function

    bool search(char ch);           // search for character ch

 private: 

     Ptr Head;       

};

/*******************************************************

 below are some of the member functions

 *******************************************************/

ListClass::ListClass () {  // default constructor

  Head = NULL;

}

Ptr ListClass::GetHead () const {  // return list head

  return Head;

}

void ListClass::display() const {  // display a list

  Ptr cur = Head;

  cout << "[ ";

  while(cur != NULL){

    cout << cur->data; 

    cur = cur->next;  

  }

  cout << " ]" << endl;

}

//--------test function for equal member function----

void testequal(ListClass L1, ListClass L2) {

  if (L1.equal(L2))

    cout << "list equal!" << endl;

  else 

    cout << "list unequal!" << endl;

}

//-------------------------main program----------

void main() {

  ListClass P, L;

  P.display(); // [ ]

  L.display(); // [ ]

  testequal(P,L);  // equal

  cout << "===========" << endl;

  P.add('d');

  P.display(); // [ d ]

  L.display(); // [ ]

  testequal(P,L);  // unequal

  cout << "===========" << endl;

  L.add('d'); L.add('a'); L.add('n'); L.add('i'); L.add('e');L.add('l'); 

  L.display (); // [ daniel ]

  P.add('a'); P.add('n'); P.add('i'); P.add('e'); P.add('l');

  P.display (); // [ daniel ]

  testequal(P,L); // equal

  cout << "===========" << endl;

  ListClass Q;

  Q.add('d'); Q.add('A'); Q.add('n'); Q.add('i'); Q.add('e');Q.add('l'); 

  P.display(); // [ daniel ]

  Q.display(); // [ dAniel ]

  testequal(P,Q); // unequal

}

The output of running the sample main program is as follows:

[  ]

[  ]

list equal!

===========

[ d ]

[  ]

list unequal!

===========

[ daniel ]

[ daniel ]

list equal!

===========

[ daniel ]

[ dAniel ]

list unequal!
a) Write a member function equal() that takes a ListClass object as input. It returns true if the input linked list is equal. Otherwise, it returns false.

Hint -- The algorithm is given below

1. If both lists are empty, return true

2. If one list is empty and the other is non-empty, return false

3. Go through (traverse) both lists: for each node in both lists

      If the their data is unequal, return false

4. Return true

Key:  (8 marks)

bool ListClass::equal(const ListClass &L) {

  if ((Head == NULL) && (L.Head == NULL)) // 1 mark

return true;                     

  if ((Head==NULL)&&(L.Head != NULL))     // 0.5 mark

return false; 

  if ((Head!=NULL)&&(L.Head == NULL))     // 0.5 mark 

return false; 

  node *p, *q;

  for(p=Head,q=L.Head; p!=NULL&&q!=NULL; p=p->next,q=q->next) //4 marks

if (p->data != q->data) 
// 1 mark

return false;  

  /**********************************************************

  // alternative (longer) solution

  p = Head; q = L.Head;      


// 2 marks

  while(p && q) {          


// 2 marks

if(p->data != q->data) 

return false;  


// 1 mark

      p = p->next;           


// 1 mark

      q = q->next;      



// 1 mark

  }

  **********************************************************/

  return true;  




// 1 mark

}

b) Write the member function search(char ch) to search for the character ch in the list. If there exists such a character, return true, otherwise false.

Key:  [6 marks; -1 mark for each mistake]
bool ListClass::search(char ch){

  Ptr cur = Head;




  while(cur != NULL){

if(cur->data == ch) 

return true;

cur = cur->next;

  }

  return false;

}

Question 13: Recursion  (12 marks)

a) What is the output after executing the following C++ program?

#include <iostream>

using namespace std;

void f(int x);

void main(){

    f(5);

}

void f(int x){

    if(x==1){

        cout << x << " ";

        return;  

    }

    else if(x%2==0)

        f(x/2);

    else f(3*x+1);

        cout << x << " ";

}

Key:  [6 marks]

1  2  4  8  16  5 

b) Write a recursive function numberdigits() that takes a non-negative integer as input, and returns the number of  digits of the given integer.

For example,


numberdigits(9) returns 1

numberdigits(71246) returns 5

Key:  [6 marks]


int numberdigits(int n){     // 1 mark



if(n<10) return 1;
    // 2 marks, stopping case



return 1 + numberdigits(n/10);   // 3 marks


} 
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