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1. Consider the following program segments. How many times is the print statement executed in 

them? 

(a) (4%) for i := 0 to 10 do   (b) (4%) for i := 0 to 10 do    

         for j := i to 10 do          for j := 0 to i-1 do    

           for k := j to 10 do            for k := 0 to j-1 do   

             print i + j + k             print i + j + k    

 

2. x , y {1, 2, 3, 4, 6, 12}. Let R  be the relation that yRx    if yx | .  

(a) (4%) Determine whether R  is reflexive, symmetric, antisymmetric, or transitive. 

(b) (4%) Show the Hasse diagram of R . 

(c) (4%) If a topological sorting algorithm is applied to the Hasse diagram of R , list all the 

resulting total orders. 

 

3. How many integer solutions are there for 

(a) (5%) 12 zyxw , 0w , 1x , 2y , 3z . 

(b) (5%) 12 zyxw , 20 w , 41  x , 62  y , 83  z . 

 

4. (10%) Use the Principle of Mathematical Induction to show that Zn , 1n , 
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5. (10%) Use a combinatorial argument to show that 
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6. In the design of search engines, typically, the first step is to construct an index file for the 

documents collected. For example, given a document with the following content: 

 

Mary Jordan is faster than Mark Lewis 

 

An index file contains a data structure to assist the search for the documents that contain given 

keywords (for example, “Mark” is a keyword in this document). For all the keywords in this 

document: 

(a) Please show how to generate the binary search tree. (5%) 

(b) Please show how many comparisons to find the keyword “faster”. (3%) 

(c) Please show how to generate the AVL tree. (7%) 
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(d) Please show how many comparisons to find the keyword “faster”. (3%) 

 

7. Given the following graph:  

(a) Please draw the linked list for each node in which the linked list includes only the first-level 

neighbors of each node (i.e., each node’s directly adjacent nodes). (5%) 

(b) Then starting from node 5, use the linked lists generated from (a) to show how to print the value 

of each vertex by the Breadth-First Search method. (10%) 

  

 

 

 

 

 

 

 

 

 

8. Is the following a correct equality? If yes, please prove it; otherwise, please show why it is 

incorrect. (5%) 

 
 

9. For two matrices a and b of size n x n, please compute the time complexity of the following 

statements  (5%) 

 

int i, j, k, sum; 

for(i = 0; i < n; i++) 

{ 

for(j =0; j < n; j++) 

{ 

sum = 0; 

for(k =0; k < n; k++) 

 sum = sum+a[i,k]*b[k,j]; 

c[i,j] = sum; 

} 

} 
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10. For the following B-tree of order 3, please show the results after deleting <5, 65>.  (7%) 
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