
CS 473: Algorithms, Fall 2009

HW 2 (due Tuesday, September 15 in class)

This homework contains three problems. Read the instruction for submitting homework on
the course web page. In particular, make sure that you write the solutions for the problems on
separate sheets of paper. Write your name and netid on each sheet.

Collaboration Policy: For this home work, students can work in groups of up to 3 members each.
Each group submits only one written solution (some groups will do an oral presentation. Indicate
your group members on the homework (netids are needed).

1. (30 pts) Let A and B be two sorted arrays containing m and n numbers respectively. Give an
algorithm that finds the k’th smallest element in the combined set of numbers in O(log m +
log n) time. For simplicity assume that all numbers are distinct. Hint: First consider the
case when m = n and k = n.

2. (30 pts) Let T be a rooted binary tree on n nodes. The nodes have unique labels from 1 to n.

• Give a recursive algorithm to reconstruct T given its preorder and postorder node se-
quences.

• Give a recursive algorithm to reconstruct T given its preorder and inorder node se-
quences.

3. (40 pts)

• Euclid’s algorithm for finding the greatest common divisor of two non-negative numbers
a, b is the following.
Euclid(a, b):

– If (a < b) return Euclid(b, a)
– Else If (b = 0) return a

– Else return Euclid(b, a mod b)

Convince yourself (via induction) that the algorithm correctly computes the gcd of a, b;
you do not need to give a proof. In HBS you worked on proving that the running time
of the algorithm is polynomial in the input size (which is Θ(log a+ log b)) assuming that
the mod operation along with other basic arithmetic operations take constant time. In
this problem we will do a proper analysis. Given two n-digit numbers a, b show how to
compute a mod b in polynomial time. You can use the fact that addition, subtraction,
and comparison of two n-digit numbers take O(n) time and that multiplication of two
n-digit numbers can be accomplished in O(n2) time (or the faster time guaranteed by
Karatsuba’s algorithm discussed in lecture). What is the running time of the Euclid
algorithm if a, b are n-digit numbers if one uses your algorithm for mod ?

• Consider an alternative algorithm for gcd based on the following rules:
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gcd(a, b) =


2gcd(a/2, b/2) if a, b even
gcd(a, b/2) if a is odd and b is even
gcd(a/2, b) if a is even and b is odd
gcd((a− b)/2, b) if a, b are odd and a ≥ b

Again convince yourself that the above rules are correct. Then use the rules to develop
a recursive algorithm that runs in polynomial time. Assume that the numbers are given
in binary. What is the running time of your algorithm if a, b are n digit numbers.
How does it compare with the running time of the Euclid algorithm with your mod
implementation?
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