CS 223 Advanced Data Structures and Algorithms (Spring 2008)


Solution Key for Homework Assignment 1 
1. (5pts) Prove that 2000 N + 0.0002 N2 = O(N2).
Proof: Let c = 1.0002 and n0 = 2000. Then for N( n0 we have

2000N + 0.0002N2 ( 1.0002 N2. This proves that 2000 N + 0.0002 N2 = O(N2).
2. (5pts) Prove that if T1(N) = O(f(N)) and T2(N) = O(g(N)), then T1(N)*T2(N) = O(f(N)*g(N))

Proof: T1(N) = O(f(N)) -> There exist c1 and n1, s.t., T1(N) ( c1f(N) when N( n1

T2(N) = O(g(N)) -> There exist c2 and n2, s.t., T1(N) ( c2g(N) when N( n2

Let c= c1* c2 and n0 = max{ n1, n2}, we have T1(N)*T2(N) ( cf(N)g(N) when N ( n0

This proves that T1(N)*T2(N) = O(f(N)*g(N)).

3. (10pts, 5pts each) Determine the time complexity T(N) for the following cases (Use the master method if applicable or explain why it cannot be applied):

(a) T(N) = 4T(N/2) + N2
(b) T(N) = 2T(N/3) + 3N

Solution:

(a) a=4, b=2, log24=2, case 2, T(N)=N2logN

(b) a=2, b=3, log32=0.63, Let ( =0.2 we have 3N=( (N0.63+(). Testing case 3, 2*3N/3 = 2N ( c3N. If c=0.8, the inequality holds. So case 3, T(N) = ((N). 

4. (5pts) Calculate 
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Solution:
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5. (5pts) Show the procedure of removing the node with key 7 from the binary search tree in Figure 1 using the remove algorithm in pp. 120 of textbook.
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Figure 1. A binary search tree
Solution:
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6. (10pts) Show the procedure of constructing an AVL tree by inserting nodes with keys 5, 4, 7, 9, 12, 8 sequentially using the insertion algorithm in pp. 133 of the textbook. 

Solution:
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7. (10pts) Show the procedure of inserting the node with key 36 to the red-black tree in Figure 2 using the insertion algorithm in pp. 505 of the textbook.
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Figure 2. A red-black tree
Solution: 
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