Homework 2

CS 163 Graph Algorithms

UCI, Spring 2008

Due: Thursday, May 1, 2008, at the beginning of class.

Please answer the following questions.  The homework is worth 10% of your final grade.

1. Given an adjacency-list representation of a directed graph, how long does it take to compute the out-degree of every vertex?  How long does it take to compute the in-degrees?

2. Let G=(V, E) be a connected, undirected graph.  An articulation point of G is a vertex whose removal disconnects G.  A bridge of G is an edge whose removal disconnects G. A biconnected component of G is a maximal set of edges such that any two edges in the set lie on a common simple cycle.  Figure 1 below illustrates these definitions. 
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Figure 1: The articulation points are the heavily shaded vertices, the bridges are the heavily shaded edges, and the biconnected components are the edges in the shaded regions with a numbering shown.

(a) Draw an undirected connected graph that has 18 vertices, two bridges, three articulation points, and five biconnected components.

(b) Show how to compute all articulation points in O(E) time.  Show how to compute all bridges in O(E) time. (Hint: we can determine articulation points, bridges, and biconnected components using DFS.)
3. What is the running time of BFS if its input graph is represented by an adjacency-matrix and the algorithm is modified to handle this form of input?
4. Give a simple example of a directed graph with negative-weight edges for which Dijkstra's algorithm produces incorrect answers.  Why doesn't the proof of correctness of Dijkstra's algorithm go through when negative-weight edges are allowed?

5. How can the output of the Floyd-Warshall algorithm be used to detect the presence of a negative-weight cycle?
