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1.  For each of the following statements, determine True or False. (5%)
@ f(n)=Ig(nt), g(n)=n? f(n)=Wg(n)).
(b) f(n)=2""+Ign,g(n)=n, f(n)=Q(g(n)).
(©) f(n)=n®*+n!,g(n=2"+Ign, f(n)=0(g(n)).
(d) f(n)=2f(n/2)+n, g(n)=n? f(n)=0(g(n)).
@ f(M=fMn-D+f(n-2),g(n=nt, f(n)=Wg(n).
(Note: Ig is logarithm of base 2).

2. Tower of Hanoi problem is one of the most important problems in computer
science. Suppose there are n disks and three poles, namely (1) source, (2)
destination, and (3) spare, respectively, the objective is to transfer the disks
originaly stacked on the source pole to the destination pole.

(& If we develop the C++ version of the Towers solution as follows, please
compl ete the codes (3%): ( )

void Towers (int Count, char Source, char Dest, char Spare)
{
if (Count==1){
Cout << “Move disk from pole “ << Source <<
“topole” << Dest << endl;

}

else
{
Towers (Count-1, : : );
Towers (1, , , );
Towers(Count-1, : , );
} [/ end if
} [/l end Towers

(b) Model the complexity of the Hanoi tower problem, i.e., write the recurrence
that determines the number of moves needed for n disks (2%).

(c) Solve the recurrence to determine the number of moves needed for n disks

(2%).



3.

5.

(8 Convert the expression A-B/(C*D/E) from infix to prefix and postfix. (3%)
(b) Convert the expression /-*+ABC-DE+FG from prefix to infix and postfix.
(3%)

Determine the sequence of charactersto traverse the following binary treein
(&) preorder; (b) inorder; (c) postorder. (6%)

A

(& Completetheroutine DELETE to delete a node p from a doubly linked list.
struct node {
int info;
struct node *left, *right;
};
typedef struct node *NODEPTR;

DELETE (p, px)
NODEPTR p;
int *px;

NODEPTR q, r;
*px =p -> info;
q=p->left;

freenode (p);
return;
} (7%)



(b) Complete the routine I nsertRight to insert a node with information field x to
the right of node p in a doubly linked list. (9%)

struct node {
int info;
struct node *left, *right;
};
typedef struct node *NODEPTR;

InsertRight (p, x)
NODEPTR p;
int X;

NODEPTR q, r;

q = getnode();
g->info=x;

return;

Determine the time complexity of the following sorting algorithms to unsorted n
numbers Xi, Xs..., X, in sequence:
(& Quick Sort; (b) Heap Sort; (c) Selection Sort; (d) Bubble Sort. (4%)

Balance the following two trees to satisfy the AVL tree property. (8%)
€Y (b)
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8. Insat (a) 70; (b) 70, 80, 90; (c) 70, 80, 90, 100 into the following 2-3-4 tree, and
show the 2-3-4 tree results? (10%)

30

50

10 20

40

60

9. Huffman codes are widely used for data compression. Suppose we have a
1000-character data file that we wish to store compactly. The text file contains
only 6 distinct characters, i.e, {A B, C, D, E, F}, and the corresponding
probabilities are given in the following table.

Char acter

Probability

Mmoo w >

(@ lustrate the Huffmarn s tree corresponding to the Huffman codes. (4%)
(b) Using the Huffman's codes, encode the word “ACE”. (3%)

0.2
0.05
0.15
0.23

0.3
0.07

(c) Compute the total number of bits required to store the data file if the
Huffman codes are used. (3%)

10. Giventhe undirected graphbel ow, please answer the following questions:

(& Use the Breath-first search (BFS) to traverse the graph with node a as the
starting node. Determine the BFS sequence (Note: At any moment, if more
than one node can be visited next, always select the one in aphabetic order)

(2%)



(b)

(©
(d)

(€
(f)

Instead, use the Depth-First search (DFS) to traverse the graph with node a
as the starting node. Determine the DFS sequence (Similarly, when more
than one node can be visited next, aways select the one in a phabetic order)
(2%).

Calculate the total number of al possible spanning trees? (2%)

Use the Prim’s algorithm to find the minimum-cost spanning tree (starting
from node a), illustrate your results step by step. (3%)

Does an Euler’s circuit exist for the graph (Yes/ No)? (2%)

Does a Hamiltonian cycle exist for the graph (Yes/ No)? (2%)

11. Suppose the Floyd-Warshall agorithm is used to solve the al-pairs
shortest-paths problem for the following directed graph. Please answer the
following questions:

(@ If di is defined as the weight of a shortest path from vertex i to vertex |

for which all intermediate vertices are in the set {1, 2, ..., k}. Complete the
following algorithm: (3%)

FLOYD-WARSHALL(W)
1. n-= rowgW]

2. DO - w

3. fork- 1lton

4. fori- 1lton
5 forj- 1lton
6 do d® =
7

. Return D™

( )



12.

(b) Compute the following intermediate results: (4%)

®_ -9 @
DO =& 0 -7 pw =6 0 -~
¢ _ 0 _T ¢ _ 0 _T
S &0
( )

(c) Expressthe running time in asymptotic Q-notation. (2%)

For each of the following problems, determine if it'sin class P or NP: (6%0)
(& Tower of Hanoi problem;

(b) Longest Common Subsequence (LCS);

(c) Traveling-Salesman problem (TSP);

(d) 2-Coloring of a graph;

(e) Euler’sTour problem

(H HamitonianCycle problem;



