
CS 473: Algorithms, Fall 2009

HW 3 (due Tuesday, September 22 in class)

This homework contains three problems. Read the instruction for submitting homework on
the course web page. In particular, make sure that you write the solutions for the problems on
separate sheets of paper. Write your name and netid on each sheet.

Collaboration Policy: For this home work, students can work in groups of up to 3 members each.
Each group submits only one written solution (some groups will do an oral presentation. Indicate
your group members on the homework (netids are needed)).

1. (30 pts) You are given a directed graph G = (V,E) that is not strongly connected. You want
to know whether there is a single edge e in V × V −E such that G + e is strongly connected.
Describe a linear time algorithm to accomplish this task.

2. (30 pts) Let G = (V,E) be an undirected connected graph. Suppose G has a pair of nodes s, t
that are distance d apart. Show that there is a vertex v ∈ G such that the degree of v is at
most 6n/d where n = |V |. Hint: Consider BFS(s) and show the existence of three adjacent
layers with total of 6n/d vertices.

Extra credit (15 pts): Show that for directed graphs the above is not true. More precisely,
give an example of a directed graph on n nodes such that there is a pair of nodes s, t such
that distance from s to t is Ω(n) and for each node v in the graph, both the in-degree and
out-degree are Ω(n).

3. (20 pts) The goal of this problem is to come up with a good understanding of the DFS based
linear time algorithm that finds all strongly connected components of a directed graph. We
accomplish this by coming up with a slightly different algorithm than the one discussed in
class. Let G = (V,E) be a directed graph with n = |V | and m = |E|.

• Consider DFS(G) and recall the definition of pre and post numbers. For each node u
define:

low(u) = min
{

pre(u)
min{pre(w) | (v, w) is a back edge for some descendant v of u}

Show that the low values for all nodes can be computed in linear time during DFS(G).
Give the altered pseudo-code of DFS(G) to do this. There is no need to prove that your
code is correct.

Note: Rest of original problem removed due to an error.
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