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1. (6%) Given a binary search tree, 7, as shown in Figure 1, split 7" at node 9
such that we have two trees Small and Large, and a node 9 (Small consists of
nodes less than 9 and Large consists of nodes greater than 9). Draw the trees
Small and Large.

2. (6%) Given two min-leftist trees shown in Figure 2, merge the two trees to get
a new min-leftist tree. Draw the resulted tree.

3. (4%) Given the AVL tree shown in Figure 3, insert a node with key value 12.

4. (9%) Union/Find operation: Show that a tree obtained by applying the
weighting rule for Union 1s bounded above by O(logn)
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5. (9%) Please derive the corresponding time complexity (Big-Oh) for each of the following

SIX program segments.
(a). k=0;
for (1=0;i<N;i++)
for (=0;j<i;j++) ‘
S e

(b). k=0;
for (1=0;1<N;i++)
' for §=03j<i*i;j++)
for (z=0;z<j;z++)
k++;

(c). k=0;
for (i=1;1<N;i++)
for (j=1;j<i*i;j++)

if (j%i1==0) |
for (z=0;z<j;z++ , e e
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8. (10%) Consider the following problems and algorithms.
(1) Merge sort for sorting problem

(2) Heap sort for sorting problem.

(3) Minimum spanning tree problem.

(4) Floyd-Warshall algorithm for all pairs shortest path problem.
(5) Finding a maximum independent set in an interval graph.

(6) Huffman’s algorithm for Huffman code problem.

; (7) Strassen’s matrix multiplication algorithm.

(8) Constructing an optimal binary search tree for weighted searching problem, i.e to minimize the
expected searching time.

(9) Longest Common subsequence problem.

(10) The Ford- Fulkerson method for maximum flow problem.

Each of the above problems (or algorithms) can be solved by (or classified as) one of the following
design techniques

(a) Divide and Conquer.

(b) Dynamic Programming

(c) Greedy method

(d) Others (none of the above three techniques).

Choose the proper technique to each of the above problems (or algorithms)
Please just answer (a), (b), (c), or (d) for each of the above 10 problems.

9. (10%) Assume X’ = NP
For each of the following problems, decide whether it is a P-problem, or an
NP.-completé) problem or neither.. ey

Please answer 1, if it is a P-problem, answer 2 if it is an NP-hard (.1' NP-compl

and answer 3 if it is nelther 1 nor-2 - he
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10. (5%) Consider a two-position switch with two inputs and two outputs, as shown in Fig. A. In one
position inputs 1 and 2 are conrtected to outputs 1 and 2, respectively. In the other position inputs
1 and 2 are connected to outputs 2 and 1, respectively. Using these switches and applying the
divide and conquer technique, we can design a network with n inputs and n outputs which 1s
capable of achieving any of the n! possible permutations of the inputs, as shown in Fig. B.

(1)Find the number of switches used in the networks for n=38. 2%
(2) For general n=2%, find the number of switches used in the networks. (Write your answer in terms

of n and/or k. Give the exact number, NOT just the asymptotic big O order.) 3%

input 1 output 1 :
input 2 output 2 3 Switen

Fig.A

size n/2
switch

network
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IS true or false, respectively. If the statement is true, briefly state why. If the

statement 1s false, explain why or give a counterexample. You will be

I1. (15%) For each of the following statements to indicate whether the statement - l
deducted one point with wrong justification or without justification. ,

a. Let G = (V, E) be a directed graph with negative-weight edges, but no
negative-weight cycles. Then, one can compute all shortest paths from a

source s € V to all v € V faster than Bellman-Ford using the technique of
reweighting.

b. Let G = (V, E) be a connected, undirected graph with edge weights, and

| 3 assume all edge weights are distinct. Consider a cycle < vy, va, ..., Vi, Vier> in
G, where vi+; = vj, and let (vi,vi+) be the edge in the cycle with the largest
edge weight. The (vi, vi+1) does not belong to the minimum spanning tree T of
G.

c. LetT be a minimum spanning tree of G. Then, for any pair of vertices s and A

the shortest path from s to 7 in G is the path from sto ¢ in T.

d. Givena weighted directed graph G = (V; E; w) and a shortest path p from s to
t, if we doubled the weigh w to every edge to produce Gy = (V; E; Wo), then p
1s also a shortest path in Gy. _ |

¢. Let G be an arbitrary flow network, with a source s, a sink ¢, and a positive

integer capacity c. on every edge e; and let (A, B) be a minimum s-f cut with
respect to these capacities. Now suppose we add 1 to every capacity; then (A, ¥ |

B) is still a minimum s-f cut with respect to these new capacities. ' S v
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