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Tutorial 3

1. Draw a decision tree to show that 4 numbers can be sorted using at most 5 comparisons.

2. Consider the following modification of the partition algorithm done in class. Show that
it works correctly.

Partition(A, i, j)

Assumption: i < j

1. Let m = i + 1, n = j;
2. While m ≤ n, do {

3. While A[m] < A[i] and m ≤ n do { m = m + 1 }
4. While A[n] ≥ A[i] and n ≥ m do { n = n− 1 }
5. If n > m, then swap(A[m],A[n]).
}

6. swap(A[i], A[n])
7. Return n.

End

3. Suppose an array A contains n numbers between 1 and m. Write an algorithm with worst
case complexity of O(m + n), which finds the median element of the array.

4. In merge sort algorithm done in class, for merging two arrays of size m and n respectively,
we used one extra array of size m + n.

Can you give an algorithm to do the merge which uses an extra array B of size only
min(m,n)? Complexity of your algorithm should still be linear in the size of the two
arrays.

5. A tromino is formed by taking away one 1× 1 square from a 2× 2 square.

(a) Show that any board of size 2j × 3k (without any missing squares) can be tiled using
trominoes.

(b) Show that a 5× 5 board, with a corner missing, can be tiled using trominos.

(c) Show that any 7× 7 board with any one square missing can be tiled using trominos.

(This is lengthy, and done by considering several possible cases of missing square. So if
you can’t find an answer just assume that this can be done).

(d) Show that a 11× 11 board, with any one square missing can be tiled using trominos.
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Hint: Divide the board into a sub-board of size 7×7 (which contains that missing square),
a sub-board of size 5× 5 with a corner missing, and two sub-boards of size 4× 6.

(e) By induction show that, for n > 11, any n× n board with one square missing can be
tiled using trominoes as long as n is odd and not a multiple of 3.

Hint: Divide the board into four parts, One of size (n − m) × (n − m) containing the
missing square (which can be solved using induction), two boards of sizes (n−m−1)×m,
which can be solved using part (a), and one board of size (m+1)×(m+1), with a missing
corner.

6. Suppose we are sorting an array consisting of integers ≥ 0. Explain how one may mod-
ify the inputs (in linear time) so that any sorting algorithm becomes a stable sorting
algorithm.

Your modification of the numbers should be such that one can easily obtain the original
numbers back from the modification.
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