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1. Let G be a bipartite graph with n vertices (in total). In the list coloring problem, for each
vertex v you are given a list of colors S(v), from which the color of v must be chosen.

(a) (10 pts) Show that it is possible to find a valid coloring of G, if |S(v)| > log2 n for
each v.

(b) (5 pts) Give a bipartite list coloring instance (i.e. a bipartite graph together with
sets S(v)) such that |S(v)| ≥ 2 for all v, but the graph is not colorable.

(c) (15 pts) Given any integer k, design a bipartite list coloring instance where the size
of each list S(v) is at least k, but the graph is not colorable.

2. (15 pts) An edge cover of a graph is a collection of edges such that each vertex is adjacent
to at least one edge in this collection. Design a polynomial time algorithm to find a
minimum cardinality edge cover in a bipartite graph.

3. (15 pts) Given an undirected graph G, show that its edges can be oriented such that the
indegree and outdegree at any vertex differ by at most 1.

4. (20 pts) Given a random graph according to distribution G(n, 1/2) (i.e. where each edge
is independently chosen with probability 1/2), design an algorithm to find a maximum
independent set, with expected running time nO(logn).

5. (20 pts) Let G = (V,E) be a graph, and let E be partitioned into n − 1 color classes
E1, . . . , En−1. A spanning tree of G is colorful if it uses exactly one edge from each color
class Ei. Show that G has a colorful spanning tree if and only if removing edges from any
t color classes leaves at most t + 1 components.


