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1. (20 points) State the definition of a topological ordering of a directed graph.

2. (20 points) Draw a directed graph on three vertices that is strongly connected but that does
not have a cycle of length three.

3. (20 points) Let G be a weighted undirected graph in which no two edges have the same weight
and no two edges connect the same pair of vertices. Let e be the edge with the smallest weight,
and let f be the edge with the second-smallest weight. Explain why Kruskal’s algorithm will
always include both e and f in the minimum spanning tree of G.



4. (20 points) Suppose we are using Karatsuba’s algorithm to multiply 32-bit numbers, How
many recursive multiplications of 4-bit numbers will the algorithm perform?

5. (20 points) Let G be an undirected graph with 9 vertices and 30 edges, represented in an
adjacency list representation. What is the total length of the adjacency lists in this represen-
tation?

6. (20 points) For parts (a)–(c) of the following question, state the worst-case running times, on
graphs with A vertices and B edges, of the following shortest path algorithms. Your answer
should be expressed using O-notation, as a function of A and B.

(a) The Bellman–Ford algorithm

(b) Dijkstra’s algorithm

(c) The topological-sorting DAG shortest path algorithm

(d) For graphs on which all three algorithms can be used, which one has the fastest time?


