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1. Making Change: Consider the problem of making change for n cents using the fewest number
of coins. Assume that each coin’s value is an integer.

(a) Describe a greedy algorithm to make change consisting of quarters, dimes, nickels and
pennies. Show that your algorithm yields an optimal solution. Implement this algorithm.

(b) Suppose that the available coins are in the denominations that are powers of c, i.e., the
denominations are c0, c1, · · · , ck for some integer c > 1 and k ! 1. Show that the greedy
algorithm always yields an optimal solution.

(c) Give a set of coin denominations for which the greedy algorithm does not yield an optimal
solution. Your set should include a penny so that there is a solution for every value of
n. Provide examples where the greedy algorithm fails.

(d) Give a dynamic programming algorithm that makes change for every set of k di!erent
coin denominations, assuming that one of the coins is a penny. Clearly describe the
algorithm and provide pseudo-code. Implement this algorithm. Provide examples of at
least five coin change problems with di!erent coin sets where the greedy algorithm fails,
but the new algorithm works. You can re-use examples from problem (1c).

2. Traveling Salesman Problem: Consider the traveling salesman problem you worked on in
Assignment 2. You implemented a brute-force algorithm for the TSP problem and also
performed research into approximation algorithms for solving the TSP problem. Once again
we will repeat part of what we did in Assignment 2 but do some more.

Randomly create n cities in 2-D space like you did in Assignment 2. Calculate the distances
between any two cities assuming every city is reachable from every other city. Store these
distances in a file or a data structure. Let n be fairly large, say 100.

(a) Run your brute-force algorithm on the cities increasing the number of cities one by one.
Keep track of the best TSP tours obtained for the city sets. Don’t spend more than half
an hour running an instance of the problem.

(b) Describe the one-step lookahead greedy algorithm for the TSP problem. Analyze this
algorithm. Implement this algorithm. Run it on the cities in question (2a) and more,
up to n cities you have generated earlier.
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(c) Perform research and describe an algorithm based on minimum-spanning trees to solve
the TSP problem. Analyze this algorithm. Implement this algorithm. Run this algo-
rithm on the same city sets as in question (2b).

(d) Draw a graph comparing the results from (2a), (2b) and (2c) in terms of length of
minimal tours and time taken. Which of the two algorithms in (2b) and (2c) works
better on an average for the problems you have solved? Provide data to support your
answer.

3. Exponential Time Problems: A lot of very useful problems take exponential time to solve
exactly. These are called NP-complete problems. Perform research on your own to list five
di!erent problems that are NP-complete. Provide a bulleted list with the names of each of
these problems along with a short description. For each problem, provide a brief outline of
how people have tried to solve it in an approximate manner. Don’t include the TSP and the
Knapsack Problem.
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