
G5BADS tutorial on 30/11/2007

For simple methods 1, 2 and 3 below I just explain their complexity. For method
4 I also explain what it is doing - so it is closer to what you have to do in the
essay.

1. public boolean find(int a, int[] arr) {
for (int i = 0; i < arr.length; i++){

if (arr[i] == a) return true;
}
return false;

}

In the worst case, this method will compare a to every element in arr: it will
perform as many array access and comparison operations as there are elements
in arr. The running time is t(n) = c∗n+c1, where n is the size of input (length
of arr), c is the time it takes to do check (arr[i] == a) and c1 is the time
it takes to do a return. This function is in O(n) (argument standard). So the
worst case time complexity of find(int a, int[] arr) is O(n) (linear in the
length n of the array).

2. public int elementAt(int i, int[] arr)
throws ArrayIndexOutOfBoundsException {

return arr[i];
}

This method always performs the same constant amount of work: either return
arr[i] or throw an exception. The time t(n) it takes to do this work does not
depend on the size n of the array; t(n) = c where c is the time it takes to do
an array access and a return, or to create and throw an exception, whatever is
longest. Worst case time complexity is O(1) (constant in the size of the array).

3. public boolean commonElements(int[] arr1, int[] arr2) {
for (int i = 0; i < arr1.length; i++){

if (find(arr1[i], arr2)) return true;
}
return false;

}

Let us denote the length of arr1 by n and the length of arr2 by m. In the
worst case, this method will go through all n elements of arr1 and compare
each of them to every one of m elements of arr2. The worst case running time
function is t(n, m) = c0 ∗ n ∗ (c ∗m + c1) where c0 is the time required to check
the loop condition and increment i, and c ∗ m + c1 describes the running time
of find method. Or, to put in simpler, commonElements calls an O(m) method
n times; the resulting complexity is O(n ∗ m).
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4. First what the method below is doing. It takes two arrays and returns
an array which contains the elements from the first array which do not occur in
the second array.

How it is doing it: first it creates a data structure to put the elements of the
resulting array in. The reason this data structure is an ArrayList of Integers is
because we do not know the size of the resulting array yet (and unfortunately
we cannot store ints in an ArrayList). The idea is then to loop through the
first array and for every element to check if it is in the second array; if it isn’t,
add this element to the results list. We could have used the find method to
check if the element is in the second array, but for efficiency sake we are going to
use binary search rather than linear search which find does. But to do binary
search we need a sorted array, so first we call Arrays.sort(int[] a) which
sorts arr2 (using a version of quicksort, according to the description of the
Arrays class). After that we loop through arr1 and for each element check if
it is also in arr2, using binary search on arr2. If it is not, we add it to the list.
When we are done we create an int array of the right size and copy elements
from the list into that array, and return the array.

public int[] subtract(int[] arr1, int[] arr2) {
ArrayList<Integer> list = new ArrayList<Integer>();
Arrays.sort(arr2);
for (int i = 0; i < arr1.length; i++){
// binarySearch(arr,key) returns a negative number if key not in arr
if (Arrays.binarySearch(arr2, arr1[i]) < 0) {

list.add(new Integer(arr1[i]));
}

}
int[] result = new int[list.size()];
for (int i = 0; i < result.length; i++){

result[i] = list.get(i);
}
return result;

}

Complexity: let the size of arr1 be n and the size of arr2 be m. The first
line we can assume to run in constant time. Sorting arr2 is O(m ∗ log m) (we
are told by Sun). Binary search is O(log m), so the for loop is O(n ∗ log m).
We do not know the length of the result array but in the worst case it is the
same as n. Creating the result array is O(n) (filling it with n 0s) and copying
from the ArrayList is also O(n). So we have O(1) followed by O(m ∗ log m),
O(n ∗ log m) and O(n) (twice, which is still O(n)). The whole algorithm runs
in O((n + m) ∗ log m).
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