-

mEt: 195, 208 CEETPE RPN E N L E T PR XIEB/H
RFAAR © B TSR T, BINGUEE T
EZREH - B BIEM 0307  fIK : 2

K BERERE  ARE T VT A

X OARHAESET 3 H - (FERT LR » (B RS S EEiEe -

* Note that throughout the paper, the height of a binary tree with only one node is defined as 1 while an
empty binary tree has height of zero.

L EBE (185 B/NE25)
For each question from (1-1) to (1-9) (2 points each), please choose all appropriate items from the
ones given in the box below as your answer. Note that (a) there might be more than one appropriate
item and you must give all such items to get the points; (b) all the items in the box can be chosen for
more than one question.

(A) Table sort (B) Bubbile sort (C) Count sort (D) Insertion sort

(E) Quick sort (F) Shell sort (G) Selection sort (H) Radix sort

(J) Topological sort (K) Binary tree sort (L) Biconnected graph (M) Eulerian walk

(N) Kruskal’s algorithm (P) Prim’s algorithm  (Q) Sollin’s algorithm  (R) Open addressing

(S) Division (T) Mid-square (U) Folding (W) Chaining

(X) Dijkstra’s algorithm (Y) Bellman and Ford Algorithm (Z) None of the above

(1-1) Which algorithms are developed based on the divide -and-conquer approach?
(1-2) Which algorithms are developed based on the greedy method?

(1-3) Which sorting algorithms are not comparison-based sorting?

(1-4) Which stable sorting algorithms show non-constant space complexity?

(1-5) Which sorting algorithms show their worst-case performance when the input data are
already sorted?

(1-6) Ignoring the issue of efficiency or performance, which sorting algorithms are suitable for LSD
sorting when sorting on several keys?

(1-7) Which algorithms in the above list are developed to work on graph?
(1-8) Which hashing functions are suitable if the hash table has 2™ buckets?

(1-9) If you are staying in city X and like to visit some neighboring cities with limited budget, which
algorithms will be helpful in setting up y our travel plan?

2. Please do the following: (10 points in total)
(2-1) A perfect number is a positive integer such that the sum of all its divisors, except itself, is equal

to the number itself. For example, 28 is a perfect number since the sum of its divisors 1, 2,4,7
and 14 is 28. Please implement a complete program using C language which accepts an integer
value, N, from the user and reports all the perfect numbers in the range from 1 to N. (6 points)
(2-2) Please give an analysis of the time complexity of your program in (2-1). (2 points)
(2-3) Please give an analysis of the space complexity of your program in (2 -1). (2 points)

3. For each item below, describe its typical application (s): (2 points each)
(3-1) AOE Networks (3-2) Fibonacci heap (3-3) Bipartite graph
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For each question from (4-1) to (4-8), mark T (or Q) if the statement given is true, mark F (or X)
otherwise. Note that you will earn 2 points for each correct answer and lose 1 point for each incorrect
answer. You earn no point if you do not give any answer.

(4-1) Recursive programs are always time efficient, but space inefficient.

(4-2) Both depth first search and breadth first search can be used to create a spanning tree of a graph
G.

(4-3) The edges incident on an articulation point of graph G are bridges of G.

(4-4) The output of depth first search and the output of breadth first search on an undirected graph G
can uniquely define the structure of G.

(4-5) In static hashing, when the value of loading density is less than the value of the key density of
the hash table, then overflow will not occur.

(4-6) In browsing web pages over Internet, if a web page is thought as a tree node which has
hyperlinks connecting to other pages as its children nodes, then the web pages form a tree
structure.

(4-7) The height of a height-balanced binary tree with n! nodes is O(n- logz n).

(4-8) A double-ended priority queue is a data structure such that data items can be inserted into and
removed from either the front end or the rear end. '

5. #IRE (154 » /N8 5 4): For each question below, there may be more than one correct choice.
You must have all the correct choices to get the points.
(5-1)(5 points) Which of the following statement(s) is (are) true about a binary search tree T with n
nodes?
(A) The time complexity of inserting a key into T is O(log n).
(B) For a binary tree, if both the left subtree and the right subtree of the root are binary search
trees, then this binary tree is a binary search tree.
(C) Ifabinary tree and a heap both contains the same set of keys, in average, searching a key
in a binary search tree is faster than a heap.
(D) Postorder traversal of T will visit all nodes in an exactly descending order.
(B) InT, the number of nodes with two children must be more than the number of lea f nodes.
(5-2)(5 points) Which of the following statement(s) is (are) true about an AVL tree T with n nodes?
(A) The time complexity of inserting a key in T is O(log n).
(B) For a binary tree, if both the left subtree and the right subtee of the root are AVL trees, then
this binary tree is an AVL tree.
(©) Ifan AVLtree and a leftist tree both contains the same set of keys, in average, searching a
key in an AVL tree is faster than a leftist tree.
(D) Afull binary tree is also an AVL tree.
() If T is height of 4, the minimum number of nodes in T is 7.
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(5-3)(5 points) Given the expression (A - B) * C + E/(C+ A * D) + F which of the following
statement(s) is (are) true?
(A) The prefix of the expressionis+ —A*BC+/E+C*ADF
(B) The prefix of the expressionis —A*BC++/E+C*ADF
(C) The postfix of the expressionis AB-C*ECAD+*F+/+
(D) The postfix of the expressionis AB-C*ECAD*+/F + +
(E) None of the above.

6. (15 points) Given the sequence of numbers “12, 8, 14, 17, 9, 6, 3, 33, 25, 16“. Insert these numbers
sequentially into an empty tree structure specified in each of the following. Then, delete the minimum
from the tree. Draw the resulted tree after the deletion. Also, specify the time complexity for the
deletion operation on each of the tree structures.

(6-1) (5 points) Binary search tree

(6-2) (5 points) Symmetric min-max heap

(6-3) (5 points) AVL tree

7. (10 points) _ :

(7-1) (4 points) Assume the postorder traversal of a binary tree is “C, A, E, D, E, B, G, H, I “ and the

inorder traversal of the same tree is “C, D, A, E, I, F, H, G, B“. Will you be able to uniquely
“ define the tree? If yes, please draw the binary tree. If no, please indicate how many distinct

binary trees can be derived.

(7-2) (6 points) Assume the preorder traversal of a binary tree is “L, J, B, A, C, G, D, E, K,LF
H* and the postorder traversal of the same tree is “A, C, B, D, E, G, J, F, H, I, K, L“. Also,
assume that the subtree with J as root is a full binary tree and J is the root of L’s left subtree.
Hence, K is the root of L’s right subtree and I the root of K’ s right subtree. Will you be able to
uniquely define the tree? If yes, please draw the binary tree. If no, please indicate how many
distinct binary trees can be derived.

8. (10 points) Assume a firewall software checks the value of a specific byte in a packet to determine
whether to block, further examine, or pass the packet. Assume the table given below is the statistics
collected during a period of time when 100K packets are checked. Based on the information in the
table, please construct an optimal binary s earch tree which minimizes the search time. (B: Block, E:
Further Examine, P: Pass) Note that 1K = 1,000.

Search |0-20 |21 |22-71 72 73 -111 | 112 | 113-127 | 128 | 129 -255
value

Action | B P B E B E B P B

No.of |10K 10K | 5K 25K | 5K SK [ 20K 15K | 5K
packets
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