
Problem 1: Two players play the following game with two sequences of length n and 

m nucleotides. At every turn a player must delete two nucleotides from one sequence 

(either the first or the second) and one nucleotide from the other. The player who 

cannot move loses. Who will win (first player or second player)? Describe the 

winning strategy for each n and m.  

 

Problem 2: The "Gap Restricted Alignment problem", GRA, gets as input two 

sequences S, T of lengths m, n (respectively) over some alphabet Σ, an integer k, and 

an additive scoring scheme defined by a function        : . It is 

required to find an alignment of S and T of maximum score, under the restriction that 

there are at most k indels in the alignment (recall that an indel is "−" matched with a 

letter from Σ). Write a dynamic programming algorithm (in pseudo code) for solving 

the Gap Restricted Alignment problem. Analyze the complexity of your algorithm. 

 

Problem 3: Catalan Paths: Consider the number of paths on a 2-dimensional grid 

from (0, 0) to (n, n), where every step of the path moves one square right, or one 

square up. (That is, from (a, b), you can only move to (a + 1, b) or (a, b + 1).) It is not 

too hard to see that there are    
 
  ways to go from the origin to (n, n).  

Now consider only paths that never go above the diagonal y = x. That is, we want to 

find the number of ways to travel from (0, 0) to (n, n) such that no intermediate point 

is of the form (a, b), where b > a. A path which never rises above the diagonal is 

called a Catalan path; after the Belgian mathematician Eugene Charles Catalan. Find 

an dynamic-programming algorithm that computes the number of Catalan paths from 

the origin to (n, n). (This is called the n
th 

Catalan number; the Catalan numbers have 

lots of nice properties, and show up in all kinds of interesting and unexpected places.) 

 

Problem 4: Give an efficient algorithm for the following problem. The input is an n 

sided convex polygon. Assume that the polygon is specified by the Cartesian 

coordinates of its vertices. The output should be the triangulation of the polygon into 

n − 2 triangles that minimizes the sums of the perimeters of the into triangles. Note 



that this is equivalent to minimizing the length of the cuts required to create the 

triangle. 

HINT: This is very similar to the matrix multiplication problem in the text. 

HINT HINT: Fix a side of the polygon and call it e. How many possible triangles are 

there that contain e? For each such triangle compute the number of triangulations that 

contain that triangle. 

 

Problem 5: The input to this problem is a sequence of n points p1, . . . pn in the 

Euclidean plane. You are to find the shortest routes for two taxis to service these 

requests in order. Let us be more specific. The two taxis start at the origin. If a taxi 

visits a point pi before pj then it must be the case that i < j. (Stop and think about what 

this last sentence means.) Each point must be visited by at least one of the two taxis. 

The cost of a routing is just the total distance traveled by the first taxi plus the total 

distance traveled by the second taxi. Design an efficient algorithm to find the 

minimum cost routing. 

HINT: Use dynamic programming. Consider exhaustively enumerating the possible 

tours one point at a time. So after the i
th

 stage you would consider all ways to visit the 

points p1, . . . , pi. Then find a pruning rule that will reduce the number of tours we 

need to remember down to a polynomial number. 

 

Problem 6: The purpose of this homework is to gain familiarity with the fundamental 

algorithms for multiple sequence alignment. Read and summarize in your own words 

the paper (T-Coffee: A novel method for fast and accurate multiple sequence 

alignment. Notredame C, Higgins DG, Heringa J. J Mol Biol. 2000 Sep 

8;302(1):205-17.). Each summary should not be more than 500 words. Your focus 

should be on the computational part of these papers rather than the biological results. 

In the first half of your summary, describe the methods developed in the paper in 

sufficient detail so that a smart reader can implement it after reading your summary. 

In the second half of your summary, describe what you think are the strengths and 

weaknesses of this paper. The paper is available on the journals' page.  


