CS – 560 Algorithms and their Analysis

Assignment #5* (40 points)

Due: Dec. 7, 2009
1. (2+2 +4 points) Explain what modifications, if any, need to be made to Dijsktra’s shortest path and/or graph to: 
(a) Solve single source shortest path for directed weighted graphs.
(b) Find shortest path to a given vertex from each of the other vertices.

(c) If there are several shortest paths, find the one with minimum number of edges on the path. Provide pseudo-code for the solution.
2. (3+3 points) This problem is related to DAG (directed acyclic graphs). 
(a) Propose an algorithm in pseudo-code to solve the shortest path problem for a sparse DAG in O(n), where n is the number of vertices.

(b)  We know that the longest path problem for a general graph is a “hard problem”.  Propose an efficient algorithm in pseudo-code for the longest path problem for DAG.
3. (8 points) Suppose you are given a map of a well developed transportation system such as Washington Subway, London Underground or Paris Metro.  The time it takes the trains to travel between every pair of adjacent stations is given.  In addition, trains stop at each station for loading and unloading of passengers.  The train stop time depends on how busy the station is, and is known for every station. Design a system (algorithm) for this transportation system such that when a passenger at a given station enters her/his destination station, the system finds and reports the path with the minimum travel time. Demonstrate your algorithm with the aid of a connected graph of your choice with 5 nodes and 10 edges. 
4.  (4+2 points)  


(a) Give statements of the following problems both as optimization and as decision problems:

(i) Knapsack, (ii) Hamiltonian cycle, (iii)  Subset sum, (iv) Independent Set

(b) Show that the Hamiltonian cycle problem is reducible in polynomial time to the traveling salesman problem.
5. (6 points)

Put T (true), F(false),  I (inconclusive) in front of each of the following statements.  Justify your answers.
(     )  NP-complete problems are a subset of P problems.

(     )  Suppose that P1 is an NP-complete problem, and that P2 can be converted into P1 by a polynomial bounded algorithm.  Then P2 is also an NP-complete problem.

(     ) Suppose that every vertex of a graph has degree 2.  Then the graph is colorable with at most 3 colors.

(     )  The best fit off-line bin packing algorithm requires more number of bins than the best fit on-line bin packing for the same set of items.

6..   (6 points)

A store is trying to analyze the behavior of its customers and maintains a 2-D array A, where rows corresponds to its customers and columns corresponds to the products it sells. The entry A[i][j] specifies the quantity of product j that has been purchased by customer i.  The store wants to know diversity of its customers as follows.

Let us say that a subset of S of the customers is diverse if no two customers in S have ever bought the same product (i.e. for each product, at most one customer in S has ever bought it).  A diverse set of customers can be useful, for example as a target pool for market research.  We can now define the Diverse Subset Problems (DSP) as: Given an m by n array A as defined above and a number k<= m, is there a subset of at least k customers that is diverse? 

Show that DSP is NP-complete.

* The grade will be based mainly on the completeness and neatness of your solutions, and the reasoning presented in support of your answers.  Please type your answers or write very clearly.





