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% When giving answers to questions (e.g., Question 8), try to state your answers

in Chinese. If you write in English, please be aware that the grader will not
try to guess what you are trying to say (i.e., your English will be graded “as it
is”).

% Please write your answers in the right order, and be sure to correctly number

all your answers.

1. Algorithms are designed to solve many problems, but may be designed quite
differently to solve the same problem. For example, given a sum of squares:
Zkz , we would like to design algorithms to compute the sum given the input n
i=1
(n > 1) using C/C++. Please determine the missing codes and answer the
questions as follows: (37 “3#4E} €% )

a. The first algorithm is to simply use the mathematical formula for computing
the sum of squares, which can be described by:
int SquareSum(int n) {
return ; (2%)

|
b. The second algorithm is to use the iterative approach, such as:
int SquareSum(int n) {
int Sum =0;
for(i=1;i<n;i++){

; (29%)

}

return Sum,;
}
c. The third algorithm is to use the recursive approach, such as:
int SquareSum(int n) {
if(n==1) return 1;
else return ; (2%)

}
d. Which of the three algorithms above is the least efficient? (1%)

e.  Which of the three algorithms requires the use of stacks? (1%)
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2. A recurrence is an equation that describes a function in terms of its value on
smaller inputs. The recurrence is generally defined as T(n) in terms of n that can
be solved to analyze the running time of a recursive algorithm. Please answer the
following questions:

a. Given the following recursion-tree, determine the corresponding recurrence
and give a tight asymptotic bound for the recurrence. (2%)

n
n/4 3n/4
/ '\ /.
n/16 3n/16 3n/16 9n/16

b. The master theorem provides a useful method for solving recurrences which
can be described as follows:
Let a>1 and b>1 be constants, and let f (n) be a function:
T(n)=aT(n/b) +f(n)
Then T(n) can be bounded asymptotically as follows.
(1) If f (n) = O(n"***) for some constant & > 0, then T(n) = ? (2%)
(2) If f (n) = O(n"*?), then T(n) = ? (2%)
(3) If f(n) = Q(n"%**) for some constant ¢ > 0 and if af (n / b) < ¢ f (n),
then T(n) =? (2%)
c. Use the master method to solve the following recurrence: (2%)
T(n) =3T(n/3) + n?
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3. The 0-1 knapsack problem is an optimization problem that often appears in the
discussion of computer algorithms. A thief robbing a store finds n items. If the
thief wants to take as valuable a load as possible, but he can only carry at most W
pounds in his knapsack. Each item must either be taken or left behind (i.e., xi=0
or 1,i=1...n) and the i-th item has a value v; and a weight w;. Please answer the
following questions:

a.

Mathematically, the 0-1 knapsack problem can be formulated as (please fill

the empty): (2%) (G5 & +iEE)
Maximlze.
Subject to:
=0orl,i=1...n

b. Suppose the brute-force approach is used, i.e., list all possible loads and then

determine if the load is the most valuable and < W, what’s the running time
in ®-notation? (2%)

c. Which of the following strategy is the most appropriate for designing an
algorithm for solving such a problem, when both an optimal solution and
efficiency are desired?

(1) Brute-Force; (2) Recurrence; (3) Backtracking; (4) Dynamic
Programming; (5) Greedy Algorithm. (2%)

d. Suppose there are 8 items, and their weights and values are list below, which
item(s) should the thief take if he makes the greedy choice and can carry at
most 50 pounds (W = 50): (2%)

Item No. 1 2 3 4 5 6 7 8

Value 20 5 15 10 10 15 10 50

Weight 10 20 10 15 10 5 20 20

Note: The unit of value is in US$, and the unit of weight is in pound.
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4. In graph theory, a complete graph is a graph in which every pairs of vertices are
connected by an edge. The complete graph with n vertices can be denoted as K,
(Two examples of complete graphs are shown below).

Ks Ky
Please answer the following questions:
a. Which graph representation is more appropriate for representing a complete
graph, adjacency lists or adjacency matrix? Briefly explain why. (2%)
Determine the total number of edges for K. (2%)
Determine the total number of spanning trees for Ks. (2%)
What’s an Euler cycle for a graph? Is there an Euler cycle for Kio? (2%)
What’s a Hamiltonian cycle for a graph? Is there a Hamiltonian cycle for Kyo?
(2%)
f. Determine the clique of the complete graph Ks. (2%)
g. Determine if K4 is bipartite? (2%)

® oo o

5. Given the undirected graph,

a. Find the Breadth-First Search (BFS) sequences (starting from the vertex a).
(3%)

b. Find the Depth-First Search (DFS) sequences (starting from the vertex a).
(3%)

(Note: At any moment, if more than one vertex can be visited next, always select

the one in alphabetic order.)
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Dijkstra’s algorithm is often used to solve the single-source shortest-paths
problem on a weighted, directed graph G(V, E) with vertex set V and edge set E.
Please answer the following questions:

a.  Which of the following data structure is the most appropriate for storing the
distance from each vertex to the source vertex during implementation of the
algorithm? (2%)

(1) Stack; (2) Queue; (3) Priority Queue; (4) Binary Search Tree; (5) Hash
Table.

b. Dijkstra maintains a set S of vertices and add vertices in order to the set.
Given the following directed graph, in what order are the vertices added if
the source vertex is the vertex a? (2%)

Suppose a binary tree is such that each node (be it an internal node or a leaf node)
contains a letter (e.g., ‘a’, ‘b’, ‘c’, etc.). Please answer the following questions.
(15 %)

a. Draw a binary tree. The binary tree must be such that when we in-order
traverse this tree (and print the letters that are “contained” in the nodes), we
get the following print-result:

abcdefg

b. Draw a binary tree. The binary tree must be such that when we pre-order
traverse this tree (and print the letters that are “contained” in the nodes), we
get the following print-result:

abcdefg

c. Draw a binary tree. The binary tree must be such that when we post-order
traverse this tree (and print the letters that are “contained” in the nodes), we
get the following print-result:

abcdefg
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8. (a) Can we always perform a binary search on an array in order to find the

information we want? (b) Whether your answer to the above question is ‘yes’ or
‘no’, please also state the reason why. (10%)

9. (a) Describe a programming task in which we should use one or more stacks when

10.

we write a program to solve the problem. Be sure to explain why we SHOULD
use stacks. (8%) (b) Describe a programming task in which we should use one
or more queues when we write a program to solve the problem. Be sure to
explain why we SHOULD use queues. (7%)

It is often useful to read in data and put the information that we read in on a binary
search tree (BST). The reason for doing so is that when later we want to search
for the information we want, searching on a BST can be relatively fast. The
problem, however, is that if we just read in a piece of data and directly add it to a
BST, the BST may “grow” in ways that are not so desirable. Suppose we build
BST tree in a “direct way” (by always directly adding new nodes onto the tree,
without making any further changes to the existing “structure” of the tree). (a)
What is the worst case? (b) Explain your answer (i.e., why is it the worst case).
(10 %)
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