Exercise Sheet 15
Exercise 1

The time complexity of a certain algorithm is given as O(n2). Which of the following are possibilities for the actual time complexity function (A, B, C, and D are constants)?


(i)  A + B*n + C*n2

(ii) A + B*(log2 n) + C*√n + D*n2



(iii) A*√n + B*n2

(iv) A*n2 + B*n3
Exercise 2

Three programmers, called Pat, Fred, and Jill, are asked to write a program to find the largest number in an array of n numbers (n(0). Given that their programs have the time complexities given below, state which program would you choose, and why.

Pat: O(√n)

Fred: O(n)

Jill: O(n log n)

Exercise 3

About how long would you expect selection sort to take to sort an array of 16,000 elements if it takes 4 milliseconds to sort an array of 8,000 elements? 

For Exercises 4 to 8 below, what is the cost of executing the method as a function of n using O-notation. Explain your reasoning. Question 8 involves nested loops and is optional.

Exercise 4


int sumArray(int[] w) { 



int sum = 0;



int i = 0;



while (i<w.length) {




sum = sum + w[i];




i++;



}



return sum;


}

In this case, n stands for w.length.

Exercise 5


void putnums(int n) { // n>=0



int i=0;



while (i!=n) {




System.out.println(i);




i++;



}



while (i!=0) { 




i--; 




System.out.println(i);



}


}

Exercise 6


boolean isCube(int n) { //n>=0



int i=0;



while (i*i*i<n) {




i++;



}



return i*i*i==n;


}

Exercise 7


int base(int n) { //n>=0



int i=0; int d=1;



while (d<n) {




i++; d=d*2;



}



return d;


}

Exercise 8


int[][] mult(int[][] a, int[][] b) { 

// assume both a and b are nXn, some n


int n = a.length;


int[][] c = new int[n][n];



int i, j, k;



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

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

c[i][j] = 0;

for (k=0; k<n; k++) {

c[i][j] = c[i][j] + 

a[i][k]*b[k][j];

}

}

}

return c;


}

Exercise 9

The obvious method of computing the maximum value in an array – given below –  has time complexity A+B*n. By timing invocations of the method for arrays of various lengths, plot the complexity function for the computer you are using. To get reasonable timings you will have to use large arrays, and execute the method several times for each length of array. You might try lengths of 1000, 2000, ... ,10000, but experiment with your machine. How long does it take to find the maximum of 10000 integers on your machine?. 

class TimeMax {

    private static int maximum(int[] w) { // max in w

        final int repeat = ....; // no of repetitions

        int max=0;

        int k;

        for (k=0; k<repeat; k++) { //repeated for timing purposes

            max = w[0];

            int i=1; 

            while (i<w.length) {

                if (w[i]>max)

                    max = w[i];        

                i++;

            }

        }

        return(max);

    }

    public static void main(String[] args) {

        final int lo = ....;

        final int hi = ....;

        final int step = ....;

        int n;

        for(n=lo; n<=hi; n=n+step) {        

            int[] numbers = new int[n];

            int i=0;

            while (i<numbers.length) {

                numbers[i] = (int)(Math.random()*10000);

                i++;

            }

            long startTime = System.nanoTime();

            maximum(numbers);

            System.out.println(n + ": " + 

                            (System.nanoTime()-startTime));

       }

    }   

}
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