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1. A queue is designed as a cycled two-rway linked list, whose structure definitions

and relations are shown as following:

typedef struct node *node_pointer;

typedef struct node { Lhmk [itom id::ﬂ:;F | | iy

node_pointer llink;

temp
element item,; (5_'[:1:]:]

node_pointer rlink;
}

Please write a pseudo code for inserting the “temp” node into the logic ptace

between top and tail. (8%)

2. Please use the structure in question 1 to write a recursive function for describing

binary tree inorder traversal (8%)

3. Write two programs in any language (10%), both recursive and iterative, of the
following equation. EvenTotal =2 + 4 + 6 + ... + N, and explain the difference

between program writing in recursive and iterative. (6%)

4. Assume Data[100}[100] is a two-dimension integer array whose start address is
AOAD (6). Please explain the possible addresses of Data[3][5] (6%) (integer : 4
bytes) |

5. Please discuss the average case time complexity of sequential search in big O.

(8%)

6. Please discuss the importance of Data Structure and Algorithm, and explain their

-félatjons. (4%) (ﬁ‘ﬁ {)}ﬁﬁ B ,ﬁﬂ‘i"’ﬁ%)
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7 (24%) True or False, and EXPLAIN
Circle T or F for each of the following statements to indicate whether the statement is true
or false, respectively. If the statement is correct, briefly state why. If the statement is wrong,
explain why or give a counter example. Answers without reasons will get at most 1 point,.

(8) ( T, F ) To sort n distinct numbers with any sorting algorithm takes 02(n) time.

(b) (T, F ) Tosort n distinet numbers with any comparison sorting algorithm takes Qnlgn)
time. 8o, ©(nlgn) is the best complexity for any sorting algorithm. : .
(¢) (T, F ) It is possible for a min-heap of n > 3 nodes to have height (i.e. the number of
edges on & longest simple path from the root down to a leaf) equal to n — 1.

(d) (T, F) A complete graph K, of even number of nodes (i.e. n is even) is a bipartite
graph. '

{(T,F)na complete graph K., solving the all pairs shortest paths using Dijkstra’s
algorithm is less efficient than using Floyd-Warshall's algorithm,

{(f) (T, F) Given an undirected graph G of n nodes and m arcs, one may use the adjacency
matrix to store this graph and apply the Floyd-Warshall's algorithm to compute all pairs
shortest paths in ©(n3) time. This complexity can NOT be further improved even if we only
store the upper half triangle of its adjacency matrix.

8 (p%) Given a red-black tree T of n interal nodes (i.e. not the leaves which are nil[T] elements
with black color) Define the height h(z) of a node z to be the number of edges in a longest
path to a leaf. Define the black height bh(z) of a node z to be the number of black nodes
(excluding = but including the leaf (i.e. nal[T))) on the path from z to & leaf, Also, define the
red height rh(z) of a node z to be the number of red nodes (excluding z) on a longest path
from z to & leaf. It is obvious that h(z) = bh(z) + rh(z) (check the example in Figure 1) Let
the height of a tree be the height of its root node.Explain why the following statements are

true, ag well as how to use these statements to explain the upper bound of the height for a
red-black tree: :

Figure 1: A red-black tree example

(a} [$%] Any node z with height. h(z} hes black-height bh(z) > h(z)/2
(b) [2%] The subtree rooted af any node z contains at least 2°5(%) _ 1 internal nodes (hint:
starting from = is & leaf, then use mathematical induction)

(c) %] Using (a) and (b) to explain why a red-black tree with n internal nodes has height
<2lg(n+1)

A\
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9 (8%) Suppose you have n objects with index from 1 to n. Suppose you are given a funetion
RAND(s.t), and RAND(s, t) can generate a random integer number uniformiy distributed
in the range of [s,t] in O(1) time. (.. if k= RAND(l,n), kisa random integer in (1, nj}

(a) Give an O{nign) method to generate a random permutation for these n objects. {you
may explain your method in words or in pseudo code)

(b) Give an O(n) method to do the same thing as (a).

10 (12%) Let A(z) = ag + a1T + a2z + ... + anz™, B(z) = bo + b1z + byz? + .. .+ byz™, and
Clz) = A(z) - B{z) = cg + 17 + e2z% + ... + c2,7%", where n is even, ¢; = 3 ;g axbi_i for
i=0,....2n,and a; =0, b; =0for j > n.

To compute C{x), we define P(z}, Q(z), R(z), and S(z) such that A{z) = P(z) + 2 Q(z),
B(z) = R(z) + £38(z). For example, if A(z) = 2 + 5z — 4z% + 323 — 724, B(z) =
14z +322 - 223 + 74, we will have P(z) = 2+53z, Q(z) = —4+3z—77°, R(z) = -1 -4z,
and S{z) =3 — 2z + z°.

Note that computing each of P(z) - R(z), P(z) - S(z), R(z) - Q(z), and Q(z}- S(x) is similar
to A(z) - B(z) except the former terms are products of polynomials with smailer orders (up
to }), whereas the latter term is a product of polynomials with order 7. This problem seeks
the possibility to improve the complexity of multiplication of polynomials via decomposition
techniques.

Let T(n) be the running time of some algorithm computing for C(z). Answer the follow-
ing questions with explanation:

(a) [4%] If we compute C(z) by directly computing A(z) - B(z), what is the tight upper
bound for T(n)?

(b) [8%)] If we compute C{z) by computing P(z) - R(z) + z1(P(z)- S(z) + R(z) - Q(z)) +
z"Q(z) - S(z), we can analyze the complexity by T'(n) = aT{(n/b) + f(n). What are g, b, and
f(n)? Is this method more efficient than the method in (a)? (you may use ©-notation for

fn))




