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1. (5 pts) What does dynamic programming have in common with
divide-and-conquer? What is a principal difference between the two techniques?

2. (a) (5 pts) Solve the topological sorting problem for the following graph.

(b) (5 pts) Give a condition where a topological sort cannot be achieved.

3. (a) (5 pts) Describe the Dijkstra’s algorithm. What does the algorithm compute?
(b) (5 pts) Give a condition where the Dijkstra’s algorithm is not applicable.
Describe the condition with an example.

4. A vertex cover of an undirected graph G = (V, E) is a subset V' € FV such that if
(u, v) 1s an edge of G, then either u € V' or v € V’ (or both). The vertex-cover

problem 1s to find a vertex cover of minimum size in an undirected graph.

(a) (5 pts) What is the optimal vertex cover for the above graph?

(b) (10 pts) Consider the following greedy algorithm: repeatedly select a vertex
of highest degree, and remove all of its incident edges. What is the vertex cover
for the above graph returned by the algorithm? Does the algorithm have an
approximation ratio less than or equal to 2? Give specific reasons for your

answer; otherwise, no credit will be given.
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5. (10 pts) At the beginning of day 1, there is a hen. A hen lays an egg every 24
hours. An egg takes 24 hours to become a hen. Let F(n) be the number of hens at
the end of day #, design an algorithm to compute F(n). Justify the time and space

complexity of your algorithm.

6. (10 pts) Which of the following sorting methods have O(N log N) time

complexity in average case? Which of them also have O(N 1og N) time

complexity in worst case?

e Bubble sort

e Selection sort
e Insertion sort
e Merge sort

e Quicksort

7. (5 pts) Assume a row-major two-dimensional array A[l..N, 1.N] has N by N

elements. The starting address of the array is S. Each array element is an integer

of 4 bytes. Please show how to compute the address of A[, j].

8. (5 pts) Please complete the following data type which represents a node of a

double linked list.

struct node {
int value;
? next;
? previous;
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9. (10 pts) Please write pseudocode that insert a new node (pointed by pNew) into

the following double linked list, immediately after the node pointed by pCurrent.

pNew
data
next
Pcu”<i previous
data data data data
> >
next next next next
<+ K ¢ . B ¢ R

previous previous previous previous

10. (10 pts) Please show the binary search tree after we insert 4, 2, 6, 1,5, 7, 8

sequentially. Please also write the pseudo code to traverse the tree and output the

numbers in ascending order.

11.Assume that a graph may be represented by an adjacency matrix G[i, j]. Please

answer the following questions:

(a) (3 pts) What is the size of the array, if the graph has ¥ vertices and £ edges?

(b) (3 pts) What does the value in G[i, j] mean?

(c) (4 pts) How do you tell whether the graph is a directed graph or an

undirected graph?



