CLASS EXAMPLES JANUARY 2009 SESSION
Lecture 1

How to convert a decimal number to binary number?

e.g. n = 257   the base = 2

   257 / 2 = 128  R 1

   128 / 2 =  64  R 0

    64 / 2 =  32  R 0

    32 / 2 =  16  R 0

    16 / 2 =   8  R 0

     8 / 2 =   4  R 0

     4 / 2 =   2  R 0

     2 / 2 =   1  R 0

    copy remainders from bottom to top:

    binary representation will be

     100000001

  If we are working on a 16 bits computer

    0000 0001 0000 0001

How to convert from decimal to octal?

e,g, n = 257

     257 / 8 = 32   R 1

      32 / 8 =  4   R 0

  ==> octal representation will 401

How to convert from binary to decimal?

e.g n = 10101111

   1*2^7 + 0*2^6 + 1*2^5 + 0*2^4 + 1*2^3 +1*2^2 + 1*2^1 +1*2^0

   = 128 + 32 + 8 + 4 + 2 + 1

   = ???

e.g. n = ABF ==> convert to decimal

     A * 16 ^ 2 + B * 16^1 + F * 16^0

   = 10 * 256 + 11 * 16 + 15 = ????

How to convert from binary to octal?

Octal symbols
binary representation


0
000


1
001


2
010


3
011


4
100


5
101


6
110


7
111


A binary number 10101111001 ==> octal?


010 101 111 001 (group 3 by 3 from right to left)

       = 3571 ==> octal representation

How to convert from binary to hexadecimal?

Hexa Symbols
Binary

0

0000

1

0001

2

0010

3

0011

4

0100

5

0101

6

0110

7

0111

8

1000

9

1001

A

1010

B

1011

C

1100

D

1101

E

1110

F

1111

10101111001 ==> to hexa

0101 0111 1001

=579  ==> hexa representaion

How to convert from octal/hexa to binary?

   ABF ==> binary??

   10101011111

How to convert from octal to hexa and vice versa???

e.g.   n = 2347  (octal number, convert to hexa)

      2347

     = 0100 1110 0111

     = 4 E 7 (in hexa)

Arithmetic operation + - on any base

     1 1

     4 5 6   (octal number)

   + 3 5 6   (octal number)

   __________

   1 0 3 4

      5 A C

 - 2 B F

   --------

      2 E D     D = 16 + 12 - 15 = 13

                    E = 16 + 9 - 11 = 14

// Explore circle

// Name of program: circle.cpp

// Author: heng

#include <iostream>

using namespace std;

const float PI = 3.14159;

int main ()

{


float radius;


float area, circumference;

             // Perform reading


cout << "Enter a radius: ";


cin >> radius;


// Perform calculations


area = PI * radius * radius;


circumference = 2 * PI * radius;


// Display the result


cout << "The circle has radius " << radius << endl;


cout << "The area is " << area << endl;


cout << "The circumference is " << circumference << endl;


return 0;

}

Lecture 2
// To convert degree in celcius to farenheit

// ......

#include <iostream>

using namespace std;

int main ()

{


float degreeC, degreeF;


// Enter the degree in C


cout << "Enter degree in C: ";


cin >> degreeC;


// Convert to farenheit


degreeF = 9.0 / 5.0 * degreeC + 32.0;


cout << "The degree in F is " << degreeF << endl;


return 0;

}

include <iostream>

using namespace std;

int main()

{


int num1 = 1, num2 = 2;


cin >> num1 >> num2; 


cout << "\t" << num1 << " " << num2 << endl;


// when error occur in the previous input


// the following cin function will be ignored by the


// C++ compiler


cin >> num1 >> num2;


cout << "\t" << num1 << " " << num2 << endl;


return 0;

}

#include <iostream>

using namespace std;

int main()

{


int num1 = 1, num2 = 2;


cin >> num1 >> num2; 


cout << "\t" << num1 << " " << num2 << endl;


// when error occur in the previous input


// the following 2 statement will clear the error 


// in data, and ignore the next 100 characters or


// until an end of line is encountered whichever


// come first


cin.clear ();


cin.ignore (100, '\n');


cin >> num1 >> num2;


cout << "\t" << num1 << " " << num2 << endl;


return 0;

}

// Explore the use of ignore function

// Explore the use of formatted outputs

// Objective: properties of a box

// A box has length, width and height. 

// What can I do with box? Calculate the volume

#include <iostream>

#include <iomanip>   // for formatted outputs

using namespace std;

int main ()

{


float length, width, height;


float volume;


// Perform readings


cout << "Enter the length: ";


cin >> length;


cin.clear ();


cin.ignore (200, '\n');


cout << "Enter the width: ";


cin >> width;


cin.clear ();


cin.ignore (200, '\n');


cout << "Enter the height: ";


cin >> height;


// Calculate the volume


volume = width * length * height;


// Formatted output


cout << fixed << showpoint << setprecision (2);


cout << "The box has volume: " << volume << endl;


return 0;

}


Lecture 3

In maths, we have truth table

Let T = true, F = false

Let A and B be 2 expressions

  A   B   !A    A && B    A || B

  T   T   F     T         T

  F   F   T     F         F

  T   F   F     F         T

  F   T   T     F         T

  A > B 

  The compliment is !(A > B) = A <= B

  A <= B

  The compliment is !(A <= B) = A > B

// The properties of a triangle

// What is a triangle?

// A triangle has 3 sides, the sum of ANY two sides is

// greater than the 3rd side.

#include <iostream>

using namespace std;

int main ()

{


int a, b, c;


cout << "Enter three sides: ";


cin >> a >> b >> c;


if (a > 0 && b > 0 && c > 0)


{



if ((a + b > c) && (b + c > a) + (a + c > b))



{




if (a == b && b == c)





cout << "Equilateral triangle" << endl;




else if (a == b || a == c || b == c)





cout << "Isoceles triangle" << endl;




else





cout << "Scalene triangle" << endl;



}



else




cout << "Not a triangle" << endl;


}


else 



cout << "Not a triangle" << endl;


return 0;

}

Lecture 4
// An example ton check if a character entered is a vowel

#include <iostream>

using namespace std;

int main ()

{


char ch;


cout << "Enter a character: ";


cin >> ch;


// Using if-else statement


if (ch == 'a' || ch == 'A' ||


    ch == 'e' || ch == 'E' ||



ch == 'i' || ch == 'I' ||



ch == 'o' || ch == 'O' ||



ch == 'u' || ch == 'U' )



cout << ch << " is a vowel" << endl;


else



cout << ch << " is not a vowel" << endl;


// Using switch and case statement


switch (ch)


{



case 'a': 



case 'A':



case 'e': 



case 'E':



case 'i': 



case 'I':



case 'u': 



case 'U':



case 'o': 



case 'O': cout << ch << " is a vowel" << endl; 





  break;



 default: cout << ch << " is not a vowel" << endl;


} // switch


return 0;

}

// To check whether a digit is in a number

// For example, n = 123435,  aDigit = 3 (3 is in n)

//              n = 123435,  aDigit = 9 (9 is not in n)

// Explore the use of boolean variable 

#include <iostream>

using namespace std;

int main ()

{


int n, aDigit;


bool found = false;


cout << "Enter a number: ";


cin >> n;


cout << "Enter a digit: ";


cin >> aDigit;


while (!found && (n > 0))


{



if (aDigit == (n % 10))




found = true;



else




n = n / 10;


}


if (found)



cout << "The digit is found" << endl;


else



cout << "The digit is not found" << endl;


return 0;

}

/ Study the propertise of positive integers

// Given an integer n, what can I do?

// - know the number of digits

// - know the number of odd digits

// - know the number of even digits

// - know the sum of all digits

// - etc etc 

#include <iostream>

using namespace std;

int main ()

{


int n;


int numDigits = 0, numEvens = 0;


int numOdds = 0, sumDigits = 0;


int aDigit;


cout << "Enter a positive number: ";


cin >> n;


while (n > 0)


{



aDigit = n % 10;   // Get the last digit



numDigits++;



sumDigits += aDigit;




if (aDigit % 2)




++numOdds;



else




++numEvens;



n /= 10;


}


cout << "The no of digits is " << numDigits << endl;


cout << "The no of odd digits is " << numOdds << endl;


cout << "The no of even digts is " << numEvens << endl;


cout << "The sum of all digits is " << sumDigits << endl;


return 0;

} 


Lecture 5

/ Example in lecture note, page 102

// Divisible by 9

#include <iostream>

using namespace std;

int main ()

{


int n;


int sumDigits = 0;


do


{



cout << "Enter a number: ";



cin >> n;


} while (n < 0);


while (n > 0)


{



sumDigits = sumDigits + n % 10;



n = n / 10;


}


if (sumDigits % 9)



cout << "Not divisible by 9 " << endl;


else



cout << "Divisible by 9 " << endl;


return 0;

}

// Example in lecture note, page 102

// Divisible by 9

// THIS EXAMPLES ARE FOR REFERENCES ONLY, DO NOT FOLLOW THE

 // STYLE BUT GOOD WAY TO EXPLORE USING USER-DEFINED FUNCTIONS

#include <iostream>

using namespace std;

// Variables shared by all (PLEASE DO NOT DO THAT IN FUTURE

// THIS IS FOR DEMONSTRATION ONLY)

int n;

int sumDigits = 0;

void readAndValidate (void);

void sumAllDigits (void);

void testing9 (void);

int main ()

{


readAndValidate ();


sumAllDigits ();



testing9 ();


return 0;

} // main

void readAndValidate (void)

{


// Read and do data vlidation


do


{



cout << "Enter a number: ";



cin >> n;


} while (n < 0);

} // read and validate

void sumAllDigits (void)

{


while (n > 0)


{



sumDigits = sumDigits + n % 10;



n = n / 10;


}

} // sum all digits

void testing9 (void)

{


if (sumDigits % 9)



cout << "Not divisible by 9 " << endl;


else



cout << "Divisible by 9 " << endl;

} // testing

Lecture 6

// Passing by value

#include <iostream>

using namespace std;

void changeA (int);

int main ()

{


int a;


a = 99;


changeA (a);   // a is known as actual parameter


cout << "In main function: " << a << endl;


return 0;

}

void changeA (int a) // a is known as formal parameter

{                    // also known as local variable


cout << "In changeA function: " << a << endl;


a = 88;   // the change of a will not affect the


          // a inside the main function


cout << "In changeA function: " << a << endl;

}

// To explore the properties of circle

#include <iostream>

using namespace std;

const double PI = 3.14159;

double calculateArea (double);

int main ()

{


double radius;


cout << "Enter a radius: ";


cin >> radius;


double area = calculateArea (radius);


cout << "The area is " << area;


return 0;

}

double calculateArea (double radius)

{


double area;


area = PI * radius * radius;


return area;

}

// To explore the properties of circle
#include <iostream>

using namespace std;

const double PI = 3.14159;

double getRadius (void);

double calculateArea (double);

int main ()

{


double radius;


radius = getRadius ();


double area = calculateArea (radius);


cout << "The area is " << area;


return 0;

}

double getRadius (void)

{


double radius;


cout << "Enter a radius: ";


cin >> radius;


return radius;

}

double calculateArea (double radius)

{


double area;


area = PI * radius * radius;


return area;

}

Lecture 7
// To explore the properties of circle

#include <iostream>

using namespace std;

const double PI = 3.14159;

double getRadius (void);

double calculateArea (double);

void printCircleInfo (double, double);

int main ()

{


double radius;


radius = getRadius ();


double area = calculateArea (radius);


printCircleInfo (radius, area);


return 0;

}

double getRadius (void)

{


double radius;


cout << "Enter a radius: ";


cin >> radius;


return radius;

}

double calculateArea (double radius)

{


double area;


area = PI * radius * radius;


return area;

}

void printCircleInfo (double radius, double area)

{


cout << "The radius is: " << radius << endl;


cout << "The area is " << area;

}

// Passing by reference

#include <iostream>

using namespace std;

void changeA (int&);  // & - known as reference parameter

int main ()

{


int a = 99;


cout << "a in main before the change is " << a << endl;


changeA (a);


cout << "a in main after the change is " << a << endl;


// To print out the address of a


cout << "The address of a " << &a << endl;


return 0;

}

void changeA (int& x)

{


cout << "x in changeA function before change is " << x << endl;


x = 88;


cout << "x in changeA function after change is " << x << endl;


// To print out the address of x


cout << "The address of x " << &x << endl;

}

// To explore the properties of circle

#include <iostream>

using namespace std;

const double PI = 3.14159;

void getRadius (double&);

void calculateArea (double, double&);

void printCircleInfo (double, double);

int main ()

{


double radius;


double area;


getRadius (radius);


calculateArea (radius, area);


printCircleInfo (radius, area);


return 0;

}

void getRadius (double& radius)

{


cout << "Enter a radius: ";


cin >> radius;

}

void calculateArea (double radius, double& area)

{


area = PI * radius * radius;

}

void printCircleInfo (double radius, double area)

{


cout << "The radius is: " << radius << endl;


cout << "The area is " << area;

}

// To explore rectangular and passing by references

// a rectangular: length and width

// wish to calculate the area and perimeter

#include <iostream>

using namespace std;

void getRecInfo (int&, int&);

void recInfo (int, int, int&, int&); // return area & perimeter  thru reference

void printRecInfo (int, int, int, int);

int main ()

{


int length, width;


int area, perimeter;


getRecInfo (length, width);


recInfo (length, width, area, perimeter);

            printRecInfo (length, width, area, perimeter);



return 0;

}

void getRecInfo (int& length, int& width)

{


cout << "Enter the length: ";


cin >> length;


cout << "Enter the width: ";


cin >> width;

}

void recInfo (int length, int width, int& area, int& perimeter)

{


area = length * width;


perimeter = 2 * length + 2 * width;

}

void printRecInfo (int length, int width, int area, int perimeter)

{


cout << "The length is " << length << endl;


cout << "The width is " << width << endl;


cout << "The area is " << area << endl;


cout << "The perimeter is " << perimeter << endl;

}

Lecture 8
// Default parameters

#include <iostream>

using namespace std;

int defaultPara (int x = 10, int y = 20, int z = 30);

int main ()

{


cout << defaultPara () << endl;


cout << defaultPara (100) << endl;


cout << defaultPara (100, 200) << endl;


cout << defaultPara (100, 200, 300) << endl;


return 0;

}

int defaultPara (int x, int y, int z)

{


return x + y + z;

}
// To find the sum of digits using

// (a) a while loop

// (b) a recursive function

#include <iostream>

using namespace std;

int sumDigits (int);
// iterative version

int sumDigitsR (int); 
// recursive version

int main ()

{


int n;


cout << "Enter a positive integer: ";


cin >> n;


cout << sumDigits (n) << endl;


cout << sumDigitsR (n) << endl;


return 0;

}

int sumDigits (int n)

{


int sum = 0;


while (n > 0)


{



sum += n % 10;



n /= 10;


}


return sum;

}

int sumDigitsR (int n)

{


if (n == 0)



return 0;


else



return n % 10 + sumDigitsR (n / 10);

}

Lecture 9

/ How to generate random numbers?

// Using seed

#include <iostream>

#include <cstdlib>

using namespace std;

int main ()

{


int seed;


cin >> seed;



srand (seed);


cout << rand () << "\t"


       << rand () << "\t"

                   << rand () << endl;

}

// How to generate random numbers?

// Using system time

#include <iostream>

#include <cstdlib>

#include <ctime>

using namespace std;

int main ()

{


srand (time (NULL));


cout << rand () << "\t"


       << rand () << "\t"


       << rand () << endl;

}

// Guess a number

#include <iostream>

#include <cstdlib>

using namespace std;

int main ()

{





bool more=true; int number, input;



srand(time(NULL)); 



number = rand() % 100;



while (more)



{





cout << ":"; 




cin >> input;




if (input < number) 





cout << "Higher\n";




else if (input > number) 





cout << "Lower\n";




else 




{ 





cout << "Got it!"; 





more= false;




}



} // while

return 0;

}

// How to generate random numbers?

// Using system time and randomly display one of the possible messages
#include <iostream>

#include <cstdlib>

#include <ctime>

using namespace std;

int main ()

{


srand (time (NULL));


if (rand () % 2)



cout << "Congratulation, you made it" << endl;


else



cout << "Not bad, you are able to do" << endl;

}

/ bitwise manipulation
#include <iostream>

using namespace std;

int main ()

{


int n = 237;


int m = 486;


cout << sizeof (int) << endl;   // 4 bytes


cout << (n & m) << endl;  // 228


cout << (n | m) << endl;  // 495


cout << (n ^ m) << endl;  // 267


cout << (~n) << endl;
  // -238


cout << (~m) << endl;     // -487


// shifting


cout << (n >> 3) << endl;   
// 29


cout << (m << 2) << endl;
// 1944


return 0;

}

/* Explaination to the program:

For n = 237, the internal representation of 237 is


237 / 2 = 118   R 1


118 / 2 =  59
R 0


 59 / 2 =  29
R 1


 29 / 2 =  14   R 1


 14 / 2 =   7   R 0

          7 / 2 =   3   R 1

          3 / 2 =   1   R 1

The internal representation is

         0000 0000 0000 0000 0000 0000 1110 1101

For m = 486, the internal rerpesentation of 486 is


486 / 2 = 243
R 0


243 / 2 = 121
R 1


121 / 2 =  60
R 1


 60 / 2 =  30
R 0


 30 / 2 =  15   R 0


 15 / 2 =   7   R 1


  7 / 2 =   3   R 1


  3 / 2 =   1   R 1

The internal repsentation is


0000 0000 0000 0000 0000 0001 1110 0110

cout << (n & m) << endl;  // 228

 0000 0000 0000 0000 0000 0000 1110 1101

 0000 0000 0000 0000 0000 0001 1110 0110  &

-----------------------------------------

 0000 0000 0000 0000 0000 0000 1110 0100

 --> 2^7 + 2^6 + 2^5 + 2^2

   = 128 + 64 + 32 + 4

   = 228


cout << (n >> 3) << endl;   
// 29


cout << (m << 2) << endl;
// 1944

cout << (n >> 3) << endl;   
// 29

[000]00000000000000000000000011101 (101)

00000000000000000000000000011101

= 2^4 + 2^3 + 2^2 + 2^0

= 16 + 8 + 4 + 1 = 29

*/ 

FIRST REVISION 7 Feb 2009

1. Internal representation

   - How to convert numbers to binary, octal and hexadecimal?

   - How to conver numbers from binary, octal, hexadecimal to decimals?

   - How to convert from octal to hexadecimal and vice versa?

   - Representation of negetaive number, 1s or 2s representation.

   - Arithmetics (+ and -) on different bases.

2. sequential design

   - basic computing

   - how to declare and use variables?

   - cin & cout functiosn

3. selection design

   - if

   - if else

   - switch case

   for example,

   char ch;

   cin >> ch;

   if (ch == 'a' || ch == 'b')

 
cout << "Something1" << endl;

   else if (ch == 'c')


  cout << "Something2" << endl;


else


  cout << "something3" << endl;

   char ch;

   cin >> ch;

   switch (ch)

   {

    
case 'a':

 
case 'b': cout << "Something1" << endl;



  break;


case 'c': cout << "Something2" << endl;



  break;


default: cout << "Something3" << endl;

   }

4. repetition design

   - while loop

   - do-while loop

   - for loop

5. Function I 

   - passing by values

6. Function II 

   - passign by reference

   - default parameters

    void defaultPara (int x = 10, int y = 20, int z = 30);

     defaultPara ();

     defaultPara (1);

     defaultPara (1, 2);

     defaultPara (1, 2, 3);

   - storage class

   - recursive function

   - pseudo random numbers

   - bitwise manipulation

// Draw a square using some recursive functions

#include <iostream>

#include <cstdlib>

#include <ctime>

using namespace std;

void drawALine (int);

void drawALineR (int, int); 

void drawASquare (int);

void drawASquareR (int, int);

int main ()

{


int n;


srand(time (NULL));


n = rand () % 9 + 1;


drawASquare (n);


cout << endl;


drawASquareR (1, n);

}

void drawALine (int n)

{


for (int i = 1; i <= n; i++)



cout << i;


cout << endl;

}

void drawALineR (int i, int n)

{


if (i > n)



cout << endl;


else


{



cout << i;



drawALineR (++i, n);


}

}

void drawASquare (int n)

{


for (int i = 1; i <= n; i++)



drawALine (n);

}

void drawASquareR (int i, int n)

{


if (i > n)



return;


else


{



drawALineR (1, n);



drawASquareR (++i, n);


}

}

Some Sample Test Questions

Given the following recursive function definition:


int  mystery (int n)

// function definition

{




if (n == 0)




return 10;



else




return 2 *  n + mystery ( --n);


}

       What is the output of the following code fragment?


cout << mystery (4);

// function call

mystery (4)

= 2 * 4 + mystery (3)

= 8 + 2 * 3 + mystery (2)

= 8 + 6 + 2 * 2 + mystery (1)

= 18 + 2 * 1 + mystery (0)

= 18 + 2 + 10

= 30

Design a C++ function to print out a square of side less than 10. The square has the following pattern: for example, side = 9 (with 1 space between the digits)

1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8 9

The function has the following prototype:

void drawSquare (int);

Include this function in a complete C++ program, and randomly generate a positive integer less than n, and invoke this function to draw a square. Suggest what to include in the main function.

void drawSquare (int n)

{


       for (int j = 1; j <= n; j++)

      {

           for (int k = 1; k <= n; k++)

      
            cout << k << “\t”;

           cout << endl;

     }

}

In the main function

    n = rand () % 9 + 1;

    drawSquare (n);

Let n and m be two positive integers with equal number of digits. We wish to design functions to find a special sum of the corresponding digits of n and m respectively. 

      (i)  If the corresponding digits of m and n are either both odds or both evens, we multiply them.

      (ii) If the corresponding digits of m and n, one of them is odd and the other is even, we add them.

      The value of either (i) or (ii) will be added to the special num.


For example, if n = 1234 and m = 5768, we wish to find the following special sum (order of evaluation is not important)


(1 * 5) + (2 + 7) + (3 + 6) + (4 * 8) 

which is 55, i.e. the value of the special sum. 

(a) Design an iterative function to find the sum of product using any type of loop. The function has the following prototype:


int specialSum (int, int);

   int specialSum (int n, int m)

   {

        int sum = 0;

       while (n > 0 && m > 0)

       {

              if (n % 10 % 2 == m % 10 % 2)

                     sum = sum + n % 10 * m % 10;

             else

                     sum = sum + n % 10 + m % 10

              n  /= 10;   m /= 10;

        }

                return sum;

   }

Convert (a) to a recursive function. You can use the same function prototype as (a), or otherwise.

       int specialSum (int n, int m)

      {

            if (n == 0 && m == 0)

                     return 0;

            else   if (n % 10 % 2 == m % 10 % 2)

                    return  n % 10 * m % 10 + specialSum (n/10, m/10)

             else

                      return n % 10 + m % 10 + specialSum (n./10, m/10);

                  }

Let be a positive integer and no zero-digit appeared in n. We say that n is symmetric if and only if we read the digits of n from left to right and from right to left, they are the same. For example, 123321 and 34543 are symmetric; 1231 and 122 are not symmetric. 

      In order to test if n is symmetric, we need to have the following functions:

(a) A function to get the last digit of n. The function has the following prototype:

int getFirstDigit (int);

int getFirstDigit (int n)

{

     while (n > 10)

           n = n / 10;

     return n;

   }

A function to get the first digit of n. The function has the following prototype:

int getLastDigit (int)

int getLastDigit (int n)

{

     return n % 10;

}

(b) A function to remove the last digit of n. The function has the following prototype: 

void removeLastDigit (int&);

void removeLastDigit (int& n)

{

          n/= 10;

}

(c) A function to remove the first digit of n. The function has the following prototype:

void removeFirstDigit (int&);  // Exercise
Design a complete C++ program, with at least the above 4 functions and the specified prototypes, to check if n is symmetric. Note that your main function should perform data validation and make sure that no zero-digit appeared in n. YOU ARE NOT ALLOWED TO USE ARRAYS.

 bool testSymmetric (int n)

 {

         while (n > 10)

         {

              if (firstDigit (n) != lastDigit (n))

                    return false;

              removeFirstDigit (n);

              removeLastDigit (n);

         }

          return true;

}

Lecture 10

// Properties of an array

// A value of the array element can be passed by value and by reference

#include <iostream>

using namespace std;

const int MAX = 5;

void printAnElement (int);

void modifyElement (int&);

void printArray (int []);

int main ()

{


int a [MAX] = {0, 1, 2, 3, 4};


// passing individual element to function by value


printArray (a);


// passing individual element to function by reference


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



modifyElement (a [i]);


printArray (a);

}

void printAnElement (int x)

{


cout << x << "\t";

}

void modifyElement (int& x)

{


x = x + 100;

}

void printArray (int a [])

{


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



printAnElement (a [i]);


cout << endl;

}

// Properties of an array - Passing an array by reference

// Note the use of “const” qualifier

#include <iostream>

#include <cstdlib>

#include <ctime>

using namespace std;

const int MAX = 10;

void constructArray (int [], int&);

void printArray (const int [], int);

int main ()

{


int a [MAX];


srand (time (NULL));


int size;


constructArray (a, size);


printArray (a, size);

}

void constructArray (int a [], int& size)

{


size = rand () % 10 + 1;


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



a [i] = rand ();

}

void printArray ( const int a [], int size)

{


  // a [0] = 99999;  If you attemt to include this statement


  // here, C++ compiler will issue an error message


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



cout << a [i] << "\t";


cout << endl;

}

// Play with 1 D array

// To check if the integer is symmetric

// for example: 123321, 12321 are symmetric

#include <iostream>

using namespace std;

const int MAX = 10;

int intToArray (int [], int);

bool checkSymmetric (int [], int);

bool checkSymmetricR (int [], int, int);  // recursive version

void printArray (const int [], int);

int main ()

{


int a [MAX];


int n;


cout << "Enter an integer: ";


cin >> n;


int sizeA = intToArray (a, n);


printArray (a, sizeA);


if (checkSymmetric (a, sizeA))



cout << n << " is symmetric." << endl;


else



cout << n << " is not symmetric." << endl;




// Call the recursive function to check


if (checkSymmetricR (a, 0, sizeA - 1))



cout << n << " is symmetric." << endl;


else



cout << n << " is not symmetric." << endl;




return 0;

}

int intToArray (int x [], int n)

{


int size = 0;


while (n > 0)


{



x [size] = n % 10;



size++;



n /= 10;


}


return size;

}

void printArray (const int x [], int n)

{


if (n - 1 < 0)



cout << endl;


else


{



cout << x [n - 1] << "\t";



printArray (x, n - 1);


}

}
 

bool checkSymmetric (int a [], int size)

{


int left = 0;


int right = size - 1;


while (left < right)


{



if (a [left] != a [right])




return false;



++left;



-- right;


}


return true;

}
 
 

bool checkSymmetricR (int a [], int left, int right)

{


if (left >= right)



return true;


else if (a [left] != a [right])




return false;



 else



 
return checkSymmetricR (a, ++left, --right);

}

/ Properties of 2D arrays

// To construct, we can do it row by row

// To print, we can print it row by row

#include <iostream>

#include <cstdlib>

#include <ctime>

using namespace std;

const int MAXROW = 5;

const int MAXCOL = 4;

void constructARow (int [], int);

void printARow (const int [], int);

int main ()

{


int a [MAXROW][MAXCOL];


srand (time (NULL));


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



constructARow (a[i], MAXCOL);


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



printARow (a[i], MAXCOL);

}

void constructARow (int r [], int n)

{


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



r [i] = rand ();

}

void printARow (const int r [], int n)

{


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



cout << r [i] << "\t";


cout << endl;

}

// Properties of 2D arrays

// To construct, we process an entire array

// To print, we print an entire array

// i.e. we pass in a 2D array

#include <iostream>

#include <cstdlib>

#include <ctime>

using namespace std;

const int MAXROW = 5;

const int MAXCOL = 4;

void construct2D (int [][MAXCOL], int, int);

void printARow (const int [][MAXCOL], int, int);

int main ()

{


int a [MAXROW][MAXCOL];


srand (time (NULL));


construct2D (a, MAXROW, MAXCOL);

    printARow (a, MAXROW, MAXCOL);


return 0;

}

void construct2D (int a [][MAXCOL], int row, int col)

{


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



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




a [i][j] = rand ();

}

void printARow (const int a [][MAXCOL], int row, int col)

{


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


{



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




cout << a [i][j] << "\t";



cout << endl;


}

}
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max {1, 2, 5, 6, 33, 8, 2}

= max ( 1 , max {2, 5, 6, 33, 8, 2} )

max {2, 5, 6, 33, 8, 2}

= max {2, max {5, 6, 33, 8, 2}}

max {5, 6, 33, 8, 2}

= max {5, max {6, 33, 8, 2}}

max {6, 33, 8, 2} etc

// Compare two arrays

#include <iostream>

using namespace std;

const int MAX = 10;

bool compareArray (int [], int [], int, int);

bool compareArrayR (int [], int [], int, int);

int main ()

{


int a [MAX] = {0, 1, 2, 3, 4, 5, 6, 7, 8, 9};


int b [MAX] = {0, 1, 2, 3, 4, 5, 6, 7, 8, 9};



int c [MAX] = {0, 1, 2, 3, 4, 55, 6, 7, 8, 9};


cout << compareArray (a, b, 10, 10);


cout << compareArrayR (a, b, 10, 10);


cout << compareArray (a, c, 10, 10);


cout << compareArrayR (a, c, 10, 10);
 


return 0;

}

bool compareArray (int a [], int b [], int sizeA, int sizeB)

{


if (sizeA != sizeB)



return false;


else


{



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




if (a [i] != b [i])





return false;



return true;


}

}

bool compareArrayR (int a [], int b [], int sizeA, int sizeB)

{


if (sizeA != sizeB)



return false;


else if (sizeA <= 0 && sizeB <= 0)




return true;



 else if (a [sizeA - 1] != b [sizeB - 1])





return false;




  else



 

return compareArrayR (a, b, sizeA - 1, sizeB - 1);

}

Lecture 12

// How to use character functions?

#include <iostream>

#include <cctype>

using namespace std;

const int MAX = 80;

int main ()

{


char str [80];


cout << "Enter a string: ";


cin.getline (str, MAX - 1);


cout << str << endl;


// To print only digits in str

    int i = 0;


while (str [i] != '\0')


{



if (isdigit (str [i]))




cout << str [i];



++i;


}


cout << endl << endl;


// To convert all lowercase to uppercases 


i = 0;


while (str [i] != '\0')


{



if (islower (str [i]))




str [i] = toupper (str [i]);



cout << str [i];



++i;


}


cout << endl;


return 0;

}

// How to use character functions?

#include <iostream>

#include <cctype>

using namespace std;

const int MAX = 80;

void printDigits (const char str []);

void lowerToUpper (char str []);

int main ()

{


char str [80];


cout << "Enter a string: ";


cin.getline (str, MAX - 1);


cout << str << endl;


printDigits (str);
  


lowerToUpper (str);


cout << str << endl;

}
 

// To pass in a Cstring, we don't pass un the size

void printDigits (const char str [])

{


// To print only digits in str

    int i = 0;


while (str [i] != '\0')


{



if (isdigit (str [i]))




cout << str [i];



++i;


}


cout << endl << endl;

}

void lowerToUpper (char str [])

{


// To convert all lowercase to uppercases 


int i = 0;


while (str [i] != '\0')


{



if (islower (str [i]))




str [i] = toupper (str [i]);



++i;


}

}

// Use some of the string functions

#include <iostream>

#include <cctype>

#include <cstring>

using namespace std;

const int MAX = 80;

// char = digit, "is digit" will be returned

// char = lower cqase, "is lower" will be returned

// char = upper case. " is upper" will be returned 

void property (char, char []);

int main () 

{


char str [MAX];


char message [MAX];


cout << "Enter a string: ";


cin >> str;


int i = 0;


while (str [i] != '\0')


{



property (str [i], message);



cout << "\'" << str [i] << "\'"




 << " " << message << endl;



++i;


}

}

void property (char ch, char message [])

{


if (isdigit (ch))



strcpy (message, "is digit");


else if (islower (ch))




strcpy (message, "is lower");



 else if (isupper (ch))



 
strcpy (message, "is upper");

}

// Use some of the string functions

#include <iostream>

#include <cctype>

#include <cstring>

#include <ctime>

#include<cstdlib>

using namespace std;

const int MAX = 80;

// char = digit, "is digit" will be returned

// char = lower cqase, "is lower" will be returned

// char = upper case. " is upper" will be returned 

void property (char, char []);

void getAMessage (char []);

int main () 

{


char str [MAX];


char message [MAX];


srand (time (NULL));


getAMessage (str);


cout << "The message is: " << str << endl;


int i = 0;


while (str [i] != '\0')


{



property (str [i], message);



cout << "\'" << str [i] << "\'"




 << " " << message << endl;



++i;


}

}

void property (char ch, char message [])

{


if (isdigit (ch))



strcpy (message, "is digit");


else if (islower (ch))




strcpy (message, "is lower");



 else if (isupper (ch))



 
strcpy (message, "is upper");

}

void getAMessage (char message [])

{


int i = rand () % 3;


switch (i)


{



case 1: strcpy (message, "131dhashMM");





break;



case 2: strcpy (message, "5676GGGbbb");





break;



default: strcpy (message, "agdghd46767HJ");





break;


}

}
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// Explore structure definition

// A few features:

// (a) Passing structure by value

// (b) passing structure by reference

// (c) return a structure

// (d) an array of structure

#include <iostream>

#include <ctime>

#include <cstdlib>

using namespace std;

const int MAX = 10;

struct RationalNo

{


int numerator;


int denominator;


int quotient;


int remainder;

};

void constructANo_1 (RationalNo&);

RationalNo constructANo_2 ();

void printANo (RationalNo);

int main ()

{


RationalNo p;


srand (time (NULL));


constructANo_1 (p);


printANo (p);


p = constructANo_2 ();


printANo (p);

}

// Passing a rational number by reference

void constructANo_1 (RationalNo &p)

{


p.numerator = rand ();


p.denominator = rand ();


p.quotient = p.numerator / p.denominator;


p.remainder = p.numerator % p.denominator;

}

// The return type is a rational no

RationalNo constructANo_2 ()

{


RationalNo p;


p.numerator = rand ();


p.denominator = rand ();


p.quotient = p.numerator / p.denominator;


p.remainder = p.numerator % p.denominator;


return p;

}

void printANo (RationalNo p)

{


cout << "RationalNo (" << p.numerator 



 << ", " << p.denominator



 << ", " << p.quotient 

         << ", " <<
p.remainder << ")"



 << endl;

}

// Explore structure definition

// A few features:

// (a) Passing structure by value

// (b) passing structure by reference

// (c) return a structure

// (d) an array of structure

#include <iostream>

#include <ctime>

#include <cstdlib>

using namespace std;

const int MAX = 10;

struct RationalNo

{


int numerator;


int denominator;


int quotient;


int remainder;

};

void constructANo_1 (RationalNo&);

RationalNo constructANo_2 ();

void printANo (RationalNo);

int constructArrayNo (RationalNo []);

void printArrayNo (const RationalNo [], int);

int main ()

{


RationalNo p [MAX];


srand (time (NULL));


int size = constructArrayNo (p);


printArrayNo (p, size);

}

// Passing a rational number by reference

void constructANo_1 (RationalNo &p)

{


p.numerator = rand ();


p.denominator = rand ();


p.quotient = p.numerator / p.denominator;


p.remainder = p.numerator % p.denominator;

}

// The return type is a rational no

RationalNo constructANo_2 ()

{


RationalNo p;


p.numerator = rand ();


p.denominator = rand ();


p.quotient = p.numerator / p.denominator;


p.remainder = p.numerator % p.denominator;


return p;

}

void printANo (RationalNo p)

{


cout << "RationalNo (" << p.numerator 



 << ", " << p.denominator



 << ", " << p.quotient 

        
 << ", " <<
p.remainder << ")"



 << endl;

}

int constructArrayNo (RationalNo p [])

{


int size = rand () % MAX + 1;


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



constructANo_1 (p [i]);


return size;

}

void printArrayNo (const RationalNo p [], int size)

{


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



printANo (p [i]);

}

// Read the information from a text file

#include <fstream>

#include <iostream>

using namespace std;

int main ()

{


ifstream infile;


infile.open ("infile.txt");


int n;


while (infile >> n)


{



cout << n << endl;


}


return 0;
 

}

// Read the information from a text file

// and store the results in an output file

#include <fstream>

#include <iostream>

using namespace std;

int main ()

{


ifstream infile;


infile.open ("infile.txt");


ofstream outfile;


outfile.open ("abc.txt");


int n;


if (!infile)



cout << "File not there" << endl;


else


{



while (infile >> n)



{




outfile << n << endl;



}


}


infile.close ();


outfile.close ();


return 0;
 

}

// Read the information from a text file

// and store the results in an output file

// using the clear and ignore function

#include <fstream>

#include <iostream>

using namespace std;

int main ()

{


ifstream infile;


infile.open ("infile.txt");


ofstream outfile;


outfile.open ("abc.txt");


int n;


if (!infile)



cout << "File not there" << endl;


else


{



while (infile >> n)



{




infile.clear ();




infile.ignore (200, '\n');




outfile << n << endl;



}


}


infile.close ();


outfile.close ();


return 0;
 

}

// Read the information from a text file

// and store the results in an output file

// A test on eof function

#include <fstream>

#include <iostream>

using namespace std;

int main ()

{


ifstream infile;


infile.open ("infile.txt");


ofstream outfile;


outfile.open ("abc.txt");


int n;


if (!infile)



cout << "File not there" << endl;


else


{



// Using this syntax of reading from



// infile, side effect: invalid data



// occurs, system hang ... i.e. infinite loop


while (!infile.eof ())



{




infile >> n;




outfile << n << endl;



}


}


infile.close ();


outfile.close ();


return 0;
 

}

// Read the information from a text file

// and store the results in an output file

// A test on eof function

#include <fstream>

#include <iostream>

using namespace std;

int main ()

{


ifstream infile;


infile.open ("infile.txt");


ofstream outfile;


outfile.open ("abc.txt");


int n;


if (!infile)



cout << "File not there" << endl;


else


{



// Using this syntax of reading from



// infile, when invalid data occurs



// program will stop.



while (infile >> n)



{





outfile << n << endl;



}


}


infile.close ();


outfile.close ();


return 0;
 

}
// To create a data file of two integers per line

#include <iostream>

#include <cstdlib>

#include <ctime>

#include <fstream>

using namespace std;

struct RationalNo 

{


int numerator;


int denominator;

};

// To construct a file consists of 2 integers per line

void constructInfile (fstream&, char []);

void rationalFile (fstream&, char [], ofstream&, char []);

int main ()

{


char filename [20];


fstream afile;


ofstream outfile;


srand (time (NULL));


cout << "Enter a file name: ";


cin >> filename;


constructInfile (afile, filename);


rationalFile (afile, filename, outfile, "outfile.txt");

}

void constructInfile (fstream& afile, char filename [])

{


afile.open (filename, ios::out);


int MAX = rand () % 20 + 5;


for (int i = 1; i <= MAX; i++)



afile << rand () << "\t" << rand () << endl;


afile.close ();

}
 

void rationalFile (fstream& afile, char filename1 [], 





   ofstream& outfile, char filename2[])

{


afile.open (filename1, ios::in);


outfile.open (filename2);


int n, m;


RationalNo r;


while (afile >> n >> m)


{



r.numerator = n;



r.denominator = m;



outfile << r.numerator << " / " 




    << r.denominator << endl;


}


afile.close ();


outfile.close ();

}
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1. Internal representation

   - How to convert numbers to binary, octal and hexadecimal?

   - How to convert numbers from binary, octal, hexadecimal to decimals?

   - How to convert from octal to hexadecimal and vice versa?

   - Representation of negative number, 1s or 2s representation.

   - Arithmetic (+ and -) on different bases.

For example, convert decimal 457 to its 2s complement using hexadecimal representation, assuming we are working on a 32 bits computer.

457 / 2 = 228   R 1

228 / 2 = 114   R 0

114/ 2 =  57    R 0

57 / 2   = 28   R 1

28 / 2   = 14   R 0

14 / 2   = 7     R  0

  7 / 2  =  3     R  1

  3 / 2  =  1     R  1

 The internal representation of 457 in binary is

0000 0000 0000 0000 0000 0011 1000 1001

The 1s complement is

1111 1111 1111 1111 1111 1100 0111 0110

The 2s complemnt is (add 1 to 1s)

1111 1111 1111 1111 1111 1100 0111 0111

   The hexadecimal equivalent is

F F F F F  C 7 7

Other possible question is do arithmetic in other type of bases (binary, octal or hexadecimal)

PLEASE PLEASE PLEASE DON’T CONVERT THE NUMBER TO DECIMAL 

 For example:  add two octal numbers 567 + 234, and the results will be in binary

5   6   7

2   3   4  (+
---------

1 0 2 3
· 001 000 010 011

001 = 1

010 = 2

011 = 3

100 = 4

101 = 5

110 = 6

111 = 7

2. sequential design

   - basic computing

   - how to declare and use variables?

   - cin & cout functions

   Reading parts ( cin function  

  e.g.

     int a;

char b;

float c;

cin >> a >> b >>c;

In the input buffer, we have the following information

    123.456……AAABBB78   A 456.8889999

What will be a, b, c?

a = 123

b = .
    c = 456.0

3. selection design

   - if

   - if else

   - switch case

  ……

  switch  (ch)

  {

       case ‘a’ : cout << “???” << endl;

       case  ‘b’ : cout << “&&&” << endl;



      break;

       case ‘c’ :  ; ; ; ; ; 

                       break;

      default:  cout << “%%%” << endl;

}

if  (ch == ‘a’)

{


cout << “???” << endl;

         cout << “&&&” << endl;

}

else if (ch == ‘b’)

             cout << “&&&” << endl;

else if (ch == ‘c’)

{

           ;;;;;

}

else 

     cout << “%%%” << endl;

   4. repetition design

   - while loop

   - do-while loop

   - for loop

For example,  convert the following to while loop

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

  {

        cout << “***” <, endl;

        cout << “&&&” << endl;

  }

  int k = 0

  while ( k < 10)

  {

        cout << “***” <, endl;

        cout << “&&&” << endl;

        k++

  }

5. Function I 

   - passing by values

6. Function II 

   - passign by reference

   - default parameters

   Use the term test question to practice

   - storage class

   - recursive function

   - pseudo random numbers

   - bitwise manipulation
   Basic shift to right ( a division by 2

     int  n = 235;

     cout << (n >> 2) << endl;

     answer = 235 / 2 => 117 / 2 = 58

  Basic shift to left ( a multiplication by 2

     int  m = 100;

     cout << (m << 2) << endl;

     answer = 100 * 2 => 200 * 2 = 400

    bitwise operators: | , &, ^,  >>, << and ~

     What is (n | m) >> 2?

     For n = 235,

     235 / 2 = 117 R 1

     117 / 2= 58    R 1

       58 / 2 = 29   R 0

      29 / 2  = 14   R 1

      14 / 2  = 7    R 0

       7 / 2  = 3     R 1

      3 / 2   = 1     R 1

      1 / 2   = 0     R 1

  The binary representation is (USING 4 BYTES)

           0000 0000 0000 0000 0000 0000 1110 1011

For m= 100

   100 / 2 = 50 R 0

     50 / 2 = 25 R 0

     25 / 2 = 12  R 1

12 / 2 =  6  R 0

  6 / 2 = 3   R 0

  3 / 2  = 1  R 1

  1 / 2 = 0   R 1

The binary representation of m is

 0000 0000 0000 0000 0000 0000 0110 0100

   What is (n | m) >> 2?

         0000 0000 0000 0000 0000 0000 1110 1011

0000 0000 0000 0000 0000 0000 0110 0100

-------------------------------------------------------

0000 0000 0000 0000 0000 0000 1110 1111  (n | m)

         0000 0000 0000 0000 0000 0000 0011 1011 (n | m) >> 2

· 2 ^ 5 + 2 ^4 + 2^ 3 + 2 ^ 1 + 2 ^ 0

= 32 + 16 + 8 + 2 + 1 = 59

7. Arrays

- One Dimensional arrays

- Two dimensional arrays

- C-strings

- Functions in cstring libarary

- Functions in cctype libray

8. User defined data types

     - Enumeration data types

     - Structures
9. File processing 

- Relate file processing with array of structures

Sample Test / Exam Questions

Question 1

The value of a decimal number depends on the magnitude of the digits expressing it on their position. For example, if n = 3468, n can be expressed as

3 * 103 + 4 * 102 + 6 * 101 + 8 * 100

(a) Let n be positive integer and the last digit of n is greater than 0. Using the properties of numbers, design a C++ function to reverse all the digits of n and form a totally new integer. For example, if n = 12345,  the new integer formed is 54321. (YOU ARE NOT ALLOWED TO USE ARRAY). The function has the following prototype: (Note that the new integer will be returned through the reference parameter)


void rotateInt (int, int&);

  WHEN YOU ARE ASKED TO WRITE A FUNCTION, FIRST THING YOU MUST DO, GIVE ME THE FORMAL PARAMETERS, WHETHER YOU KNOW HOW TO DESIGN OR NOT!!!!!!

void rotateInt (int oldInt, int& newInt)

{

     int newInt = 0;

     while (oldInt > 0)

     {

          newInt = newInt  * 10 + oldInt % 10;

          oldInt = oldInt / 10;

    }

}       

(b) Using the above function and the properties of numbers, design a C++ function to keep only the odd digits of given number and form a totally new number. The order of the digits reading from left to right should be the same for both numbers.

      For example, if n = 123456, the new integer formed should be 135. If no odd digit appeared in the original number, the new number formed should return 0. The function has the following prototype: (Note that the new integer will be returned through the reference parameter)



void oddDigitOnly (int, int&);
void oddDigitOnly (int oldInt,  int& oddInt)

{

           int oddInt = 0;

           while (oldInt > 0)

           {

              if (oldInt % 10 % 2)

                      oddInt = oddInt  * 10 + oldInt % 10;

              oldInt = oldInt / 10;

      }

      int tempInt = oddInt;

      rotateInt (tempInt, oddInt);

}
Question 2

 Let m and n be two positive integers with equal number of digits. We define m dominates n if and only if most of the corresponding digits in m are strictly greater than those in n; otherwise n dominates m; m and n are of equal dominance if and only if the number of  corresponding digits in m greater than those in n and smaller than those in n are the same. 

For example, if m = 16789 and n = 16834, we say m dominates n because


 1st digit of m = 1st digit of n


2nd digit of m = 2nd digit of n


3rd digit of m < 3rd digit of n


4th digit of m > 4th digit of n


5th digit of m > 5th digit of n
and if m = 1234 and n = 3412 are equal dominance because 2 digits of m are greater than the corresponding digits in n, and 2 digits of m are smaller than the corresponding digits in n. 
The straight forward algorithm is count the number of digits “greater than”, “smaller than” or “equal to” for the two numbers given. 

To achieve our target, you are required to design the following functions:

(a) A function to find the length of a positive integer. The function has the following prototype:



int length (int);

      int length (int n)

     {

             if  (n < 10)

                  return 1;

             else

                   return 1  + length (n / 10);

          }

(b) A function to generate (using rand function) two positive integers of equal length. 



void getTwoIntegers (int& n, int& m)

              {

                 do

                 {

                    n = rand ();

                    m = rand ();

                   } while (length (n) != length (m));

                    }

(c) A function to return the number of digits “greater than”, “smaller than” and “equal to” the corresponding digits.



void dominates (int, int, int&, int&, int&)



// The two value parameters are for m and n respectively



// The three reference parameters are for corresponding 

                   // digits of m



// >, < or = to those in n

void dominates (int m, int n, int& greater, int& smaller, int& equal)

{

       greater = 0;

       smaller = 0;

       equal = 0;

      while (m > 0 && n > 0)

      {

               if (m % 10 > n % 10)

                      greater ++;

               else if (m % 10 < n % 100

                               smaller++;

                else

                           equal++;

               m /= 10;

              n /= 10;

        }

}

(d)  Convert (c) to a recursive function and the function has the following prototype:



void dominatesR (int, int, int&, int&, int&);

void dominatesR  (int m, int n, int& greater, int& smaller, int& equal)

{

      if (m == 0 && n == 0)


   return ;

      else  if (m % 10 > n % 10)

                  dominatesR (m /10,  n / 10,  ++greater, smaller, equal);

              else if (m % 10 < n % 100)

                          dominatesR (m / 10, n/10, greater,  ++smaller, equal);

                     else

                         dominatesR (m / 10, n /10, greater, smaller,  ++equal);

}

(e) Place some statements in your main function to invoke some of the above functions and derive a conclusion. The sample output to be displayed, for example: (The two integers listed in the output are randomly generated and they are of equal length)


Given m = 16789 and n = 16834


16789 has 2 corresponding digits greater than 16834


16789 has 1 corresponding digits smaller than 16834


16789 has 2 corresponding digits equal to 16834


Therefore 16789 dominates 16834
      EXERCISE 
Sample past year exam questions

FORMAT



SECTION A
:
10 MCQ (10 marks)


SECTION B
:
9 Questions (60 marks)

SECTION C
: 
1 Programming question (30 marks)

Question 1

Let A be a one dimensional array of integers. We would like to swap the 1st digit of A and last digit of A; the 2nd digit of A and 2nd last digit of A; etc … until we reach the centre of A.  For example, given 


int A [ ] = {1, 2, 3, 4, 5, 6, 7, 8, 9};

After the swaps, elements in A will be {9, 8, 7, 6, 5, 4, 3, 2, 1}. 

Design a recursive function to handle the above swapping, using the following function prototype or convenience to your design, your own proposed function prototype:


void swapArray (int [ ], int, int);       

        // explain the last two integer variables used

Let left = 0 and right = size – 1

void swap (int &a, int& b)

{ 

       int temp = a;

      a = b;

      b = temp;

}

void swapArray (int   a [ ], int left, int right)

{


if (left >= right)

                return;

          else 

          {

                  swap (a [left], a [right]);

                  swapArray (a, ++left, --right);

          }

}

Question 2

Let str be a C-string (array of characters).  

(a) Design a function to check if a character ch is in str. The function has the following prototype:

bool checkChar (char [ ], char);

SUGGESTION: USUALLY USE WHILE LOOP TO HANDLE THE SCANNING
bool checkChar (char  str [ ], char ch)

{

      int n = 0;

      while (str [n] != ‘\0’)

      {

           if (str [n] != ch)

                      return false;

            ++n;

      }

     return true;

}

Recursive version: (we need three parameters, one for the index)

bool checkChar (char str [], char ch, int n)

{

 
if ( str [n] != ‘\0’)



return true;


else    if (str [n] != ch)

                     

 return false;


else return checkChar (str, ch, ++n);

}

// Invoke the function with checkChar (str, ch, 0)

(b)  Design a function by removing all the duplicate characters in str and forming a new C-string called newStr. The length of the newStr will be returned. 

For example, if str = “aaabbbccc”, newStr will be “abc” and 3 will be returned. The function has the following prototype:

int  newString (char [ ], char [ ]);

int  newString (char  str[ ], char newStr [ ])

{

       int n = 0;

       int size = 0;

       while (str [n] != ‘\0’)

       {

               if (! checkChar (newStr, str [n]) )

               {

                       newStr [size] = str [n]);

                       size++;

               }

               n++;

        }

         return size;

}

Question 3

Let M be a two-dimensional character array with m rows and n columns, where m and n are less than a positive integer constant MAX. In the array, some of them are digits. The following shows one of the sample arrays with 3 rows and 6 columns:
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And this array has 5 even digits (including the zero-digit) and 4 odd digits.

Design a function to find the number of odd and the number of even digits in the array using the following function prototype:

void char2DArray (int [ ][MAX], int&, int&, int, int);

// SUGGESTION: ALWAYS USE NESTED for-loops TO HANDLE  THE 2 D ARRAYS

void char2DArray (int  a [ ][MAX], int& odd, int& even, int m, int n)

{

         int odd = 0;

         int even = 0;


for (int i = 0; I < m; i++)

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

              {

                   if (isdigit (a [i][j]))

                   {

                         switch (a [i][j])

                         {

                             case ‘0’:

                             case ‘2’:

                             case ‘4’:

                             case ‘6’:

                             case ‘8’: even++

                                            break;

                           default:   odd++;

                        } // switch

                     }

                }

   } // function

Practice Examples:   Some of the special types of matrices

e.g. identity matrix, diagonal matrix         

Question 4

There are three types of patterns: circle (has radius), rectangle (has length and width) and triangle (has three sides).

(a) Suggest a structure definition (with nested structures) for Patterns.
struct Circle

{


int radius;

};

struct Rectangle

{


int length;


int width;

};

struct Triangle

{


int sideA;


int sideB;


int sideC;

};

struct Patterns

{


Circle c;


Rectangle r;


Triangle t;

};

(b) Design a function to initialize all the fields of structure Patterns to some positive integers less than 100 (you can use the rand’s function to generate those integers). The function has one of the following prototypes:





Patterns initializePattern ();                      




// OR





void initializePattern (Patterns&)
int getInt ()

{


return rand () % 99 + 1;

}

void initializePatterns (Patterns& p)

{


p.c.radius = getInt ();


p.r.length = getInt ();


p.r.width  = getInt ();


p.t.sideA  = getInt ();


p.t.sideB  = getInt ();


p.t.sideC  = getInt ();

}

Sample question for 15 marks 

An integer in the SIMUOW computer is denoted with 32 binary digits.  To convert a positive integer n to a binary number, you can repeatedly divide n by 2 until n is less than 2 and keep track of the remainders after each division. The remainders can be stored in a C-string (an array of 33 characters) and normally stored from the rightmost to the leftmost of the array.

(a) Let binary be a character array denoting the binary conversion of the above representation. Design a function to initialize all the elements in binary to zero digits, i.e. ‘0’. The function has the following prototype:
void binary (char [ ]);   // you can assume array size is 33!!!

void binary (char  a [ ])

{

     for (int n = 0; n < MAX - 1; n++)

             a [n] = ‘0’;

a [MAX – 1] = ‘\0’;

                   }

(b) Design a function to map 0 and 1 to ‘0’ and ‘1’ respectively. The function has the following prototype:

char mapping (int n)

 {

     if (n == 0)

          return ‘0’;

     else

           return ‘1’;

 }

(c) Design a function to convert a positive integer n to its equivalent binary representation, and store them in a C-string binary.  The function has the following prototype:

void binary (char  str [ ], int n)

 {

     int right = MAX – 2;

     while (n > 0)

     {

         str [right]  = mapping (n % 2);

         n = n / 2;

         right--
     }

}

(d) In a bitwise manipulation of a positive integer n, a shift right is effectively a division by 2, and a shift left is a multiplication by 2. Using this definition, convert part (c) without using the division (/) and the remainder (%) operators. The function has the same prototype as (c).

   void usingShift (char binary [], int n)

{


int i = MAX - 2;


while (n > 0)


{


    int m = n >> 1;



m = m << 1;



binary [i] = mapping (n - m);



n = n >> 1;



i--;


}

}

(e) The SIMUOW computer using one’s complement to denote its negative integers. Design a function to convert the positive binary representation to its corresponding negative binary representation. The function has the following prototype: (you can overwrite the one’s representation to the given C-string)

void oneS (char [ ]);

void oneS (char binary [])

{


int i = 0;


while (binary [i] != '\0')


{



if (binary [i] == '0')




binary [i] = '1';



else




binary [i] = '0';



++i;


}

}

Sample question for 30 marks

]We say that positive integers a, b and c can form the sides of a triangle if and only if the sum of any two sides must be greater than the third side.  There are three types of triangles: the equilateral triangles (all the three sides are equals), the isosceles triangles (any two sides are equal) and the scalene triangles (all the three sides are not equal). 

We provide the following enumeration data type to describe the triangle types:

enum TriangleType {Equilateral, Isosceles, Scalene, NotTriangle};

We provide the following structure definition for triangles:

struct Triangle

{


int a;


int b;


int c;


TriangleType tt;


float area;


float perimeter;

};

The area of the triangle can be computed using the following formula:

Let s = (a + b + c) / 2

area = sqrt (s * (s – a)* (s – b) *(s – c)) 

In this question, you are required to design a complete C++ program to handle the following tasks:

(a) To create an input file which consists of some possible triangles

(b) You then transfer all the information from (a) to an array of Triangles (above structure type).

(c) From the array constructed in (b), you transfer them to an output file.

The following function prototypes should be included in your design: Let MAX to be a positive integer constant.

(a) We generate not more than MAX possible triangle sets. The file name is “infile.txt”. The function prototype is:



void createInfile (fstream&, char []);

void createInfile (fstream& infile, char filename  [])

{

     infile.open (filename, ios::out);

     int size = MAX;’

for (int i = 1; i <= MAX; i++)

{


cout << rand () << “\t” << rand () << “ \t” << rand ()

             << “// Potential triangles “ << i << endl;

   }

   infile.close ();

}  

(b) Some useful functions for a triangle: To test whether it is a triangle? If so, what is its type?  If this is a triangle, we can calculate its area and its perimeter. If it is not a triangle, we do nothing to its area and its perimeter. We propose the following function prototypes:



bool testTriangle (int, int, int);



float area (int, int, int);



float perimeter (int, int, int);



TriangleType   checkTriType (int, int, int);

bool testTriangle (int a, int b, int c)

{


return (a + b > c) && (a + c > b) && (b + c > a);

}

float area (int a, int b, int c)

{


float s = (a + b + c) / 2.0;


return sqrt (s * (s - a) * (s - b) * (s - c));

}

float perimeter (int a, int b, int c)

{


return 1.0 * (a + b + c);

}

TriangleType checkTriType (int a, int b, int c)

{


if (testTriangle (a, b, c))


{



if (a == b && b == c)




return Equilateral;



else if (a == b || b == c || a == c)





return Isosceles;



else






return Scalene;


}


else 



return NotTriangle;

} 

(c) We design a function to read information from the “infile.txt” created in (a) and store all the potential triangles in an array of Triangle (structure type). The size of this array will be returned. The function has the following prototype:



int createArray (fstream&, char [], Triangle []);

int createArray (fstream& infile, char fileName [], Triangle tri [])

{


int a, b, c;


infile.open (fileName, ios::in);


int size = 0;


while (infile >> a >> b >> c)


{


infile.clear ();



infile.ignore (200, ‘\n’);



tri [size].a = a;



tri [size].b = b;



tri [size].c = c;



tri [size].tt = checkTriType (a, b, c);



if (tri [size].tt != NotTriangle)



{




tri [size].area = area (a, b, c);




tri [size].perimeter = perimeter (a, b, c);



}

                        infile.clear ();



infile.ignore (100, ‘\n’);


size++;


}


infile.close ();


return size;

}

(d) We design a function to transfer all the elements from the array constructed in (c) to an output file called “outfile.txt”.  The function has the following prototype:



void createOutfile (fstream&, char [], Triangle [], int);

void createOutfile (fstream& outfile, char fileName [], Triangle tri [], int size)

{


outfile.open (fileName, ios::out);


outfile << fixed << showpoint << setprecision (2);


outfile << "Side 1\tSide 2\tSide 3\tTriangle Type\tArea\tPerimeter" << endl;


outfile << "------\t------\t------\t-------------\t----\t---------" << endl;


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


{



outfile << tri [i].a << "\t" << tri [i].b << "\t" << tri [i].c << "\t";



switch (tri [i].tt)



{




case Equilateral: outfile << "Equilateral\t" << tri [i].area << "\t"







  << tri [i].perimeter << endl;






     break;




case Isosceles  :   outfile << "Isosceles\t" << tri [i].area << "\t"







       << tri [i].perimeter << endl;






     break;




case Scalene
:    outfile << "Scalene\t\t" << tri [i].area << "\t"







        << tri [i].perimeter << endl;






      break;




default: 
      outfile << "Not Triangle\tN.A.\tN.A." << endl;



} // switch

} // for

outfile.close ();

} 
Sample input file  “infile.txt” generated. Note that some appropriate comments will be appended to each set of potential triangle, and you have to ignore them when reading.

88
88
88

// potential triangle 1

97
6
61

// potential triangle 2

34
67
35

// potential triangle 3

68
68
98

// potential triangle 4

84
6
58

// potential triangle 5

20
11
73

// potential triangle 6

61
59
88

// potential triangle 7

The output file “outfile.txt” constructed
Side 1

Side 2

Side 3

Triangle Type
Area

Perimeter

--------

--------

--------

------------------
---------

----------

88

88

88

Equilateral
3353.25
264.00

97

6

61

Not Triangle
N.A.

N.A.

34

67

35

Scalene
276.22

136.00

68

68

98

Isosceles
2310.29
234.00

84

6

58

Not Triangle
N.A.

N.A.

20

11

73

Not Triangle
N.A.

N.A.

61

59

88

Scalene
1794.39
208.00

// Beginning of the program and main function
#include <fstream>

#include <cstdlib>

#include <iomanip>

#include <ctime>

#include <cmath>

using namespace std;

const int MAX = 200;

enum TriangleType {Scalene, Isosceles, Equilateral, NotTriangle};

struct Triangle

{


int a;


int b;


int c;


TriangleType tt;


float area;


float perimeter;

};

void createInfile (fstream&, char []);

bool testTriangle (int, int, int);

float area (int, int, int);

float perimeter (int, int, int);

int createArray (fstream&, char [], Triangle []);

TriangleType checkTriType (int, int, int);

void createOutfile (fstream&, char [], Triangle [], int);

int main ()

{


Triangle tri [MAX];


fstream aFile;


srand (time (NULL));


createInfile (aFile, "infile.txt");


int size = createArray (aFile, "infile.txt", tri);


createOutfile (aFile, "outfile.txt", tri, size);


return 0;
} // main
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