
CMPSCI 611 FALL ’20: HOMEWORK 3

DUE 8PM, FRIDAY OCTOBER 9TH

• Homework may be completed in group of size with at most four students. You’re not
allowed to use material from the web or talk about the homework with anybody outside
your collaboration group (aside from the lecturer or TA.)
• Solutions should be typed and uploaded as a pdf to gradescope.com.
• To get full marks, answers must be sufficiently detailed, supported with rigorous proofs

(of both correctness and running time analysis). Faster algorithms will typically get more
marks than slower algorithms.

Question 1. In the maximum contiguous sum problem, where we are given a list M of n integers
(positive or negative), and we want to find a contiguous subsequence with maximum sum. For
example, the MSS of the list, 1,−3, 2, 5,−5, 5, 1, is 2, 5,−5, 5, 1 which has value of 8. Design an
O(n) time algorithm based on dynamic programming and an O(n log n) time algorithm based on
divide and conquer.

Question 2. Suppose there are n questions in a homework that take times t1, t2, . . . , tn and there
are three people in a homework group. Design a dynamic program to determine whether it is
possible to split the questions up amongst the team members such that each person takes an equal
amount of time. The algorithm should run in time that is polynomial in n and T =

∑
i ti. You

may assume all times are integers.

Question 3. In this problem we consider aligning two strings of DNA. We are given two strings
x ∈ {G,T,C,A}n and y ∈ {G,T,C,A}n and a cost function C(·, ·) that gives a non-negative cost
to any pair of characters. An alignment of x and y is formed by inserting “-” characters into x and
y (the same number of insertions are applied to x and y), e.g., if x = GTTAA and y = TCCGA,
a possible alignment is:

G T T A - - A
| | | | | | |
- T C - C G A

The cost of the alignment is the sum of C evaluated on each corresponding pair of characters where
C(·,−) = C(−, ·) = 1. In the above example the cost of alignment is C(T, T )+C(T,C)+C(A,A)+4.
Design an efficient algorithm for finding the alignment of minimum cost.

Question 4. Consider a directed graph G = (V,E) where each edge e has weight we and a special
node t ∈ V . The weights are all positive. A friend has computed values d[v] for each v ∈ V and
claims that d[v] = δ(v, t), i.e., that the length of the shortest path from v to t is d[v]. All the d[v]
values are finite. Give an O(|E|) time algorithm that determines whether your friend has correctly
computed the values. Note that your algorithm just needs to verify the claimed values, i.e., if your
friend is wrong, you just need to identify this fact rather than finding the correct values.

Question 5. Consider a directed graph G = (V,E) where each edge e has weight we and a special
node t ∈ V . The weights can be negative or positive. Suppose you know the values δ(v, t) for every
node v. However, you bow need to compute distances to a different node t′ 6= t. Consider a new
weight function defined as follows: for edge e from node v to w, let w′

e = we − δ(v, t) + δ(w, t).

(1) Prove that w′
e is non-negative for all edges e.
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(2) Since the weights w′
e are non-negative, you can compute the shortest paths from to t′ with

respect to weights w′ using Dijkstra’s algorithm. If you do this explain how you can then
use the results to compute the shortest paths to t′ with respect to weights w.


