Exercise Sheet 15: Model Answers

Do not read model answers until you have solved the problems yourself, or you have made a fair attempt to do so. Otherwise you do not learn

1.
(i),  (ii),  (iii)

2.
We know we can write a program which finds the maximum by scanning the array once. Moreover, the work done on each node will be constant (i.e. compare the value with the maximum found so far, and advance to the next element). Hence the time complexity of this program will be A + B*n (where A is a constant accounting for initialisation and finalisation, and B is a constant accounting for the work done at each node). This is O(n). There can be no better solution, because we have to examine every element and there are n of them. Hence Pat can’t program, Jill’s program is at best inefficient, and so we would opt to take a closer look at Fred’s.

3.
About 16 milliseconds

4.



Cost
Executions

int sumArray(int[] w) { 
E
1



int sum = 0;



int i = 0;
F
1



while (i<w.length) {
G
n+1




sum = sum + w[i];




i++;
H
n



}



return sum;
I
1


}

n abbreviates w.length. Adding up, the cost is (E+F+G+I) + (G+H)n which reduces to A+Bn for A and B some constants.

5.
We can avoid the detailed calculations by observing the shape of the method. Focus on the first loop and its initialisation. This consists of a simple initialisation and a simple loop body executed n times (by “simple” we mean that the execution time is constant, independent of the data being operated on). Hence the time complexity is A + B*n (A and B constants). Similarly, the second program has cost C + D*n (C and D constants — C is the cost of the final evaluation of the boolean expression, after which the loop body is not executed). Adding up, the total time complexity is (A+C)+ (B+D)*n, which is O(n).

6.
By the same reasoning as in Question 3 above, the cost of the initialisation and the loop is A + B*k where k denotes the number of times the loop body is executed. It is easy to deduce that k is 

 (rounded up). The cost of the return statement is constant. Hence the time complexity is O(

).

7.
By the same reasoning as in Question 3 above, the time complexity is A + B*k where k denotes the number of times the loop body is executed. It is easy to see that k is log2 n (rounded up). Hence the time complexity is O(log n).

8.
Focus on the innermost loop. This cost of this is A + B*n for some constants A and B. This code is the loop body of the middle loop which is executed n times, and hence the cost of the middle loop is n*(A+B*n). This in turn is the body of the outermost loop which is executed n times, and hence the total cost of the code is n*(n*(A+B*n)), which is A*n2+B*n3, which is O(n3).

9.
On a modest laptop machine, it takes about 0.12 seconds to find the maximum of 10000 integers.
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