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1. x, y, zeR.Statement P:If x+y+2z>300,then x>100 or y>100 or z>100.

(a) (5%) What is the contrapositive statement of P ?
(b) (5%) Prove that the statement P istrue forall x, y, zeR.

2. (10%) Use the Principle of Mathematical Induction to show that ne Z, vn>1,

Z“:iz _ n><(n+1)6><(2n+1)l

3. (a) (5%) In how many ways can 7 students be grouped into 2 groups?
(b) (5%) In how many ways can 7 students be grouped into 4 groups?

4. (a) (5%) What are the reflexive, symmetric, antisymmetric, and transitive properties of a relation?
(b) (5%) x, yeR.Let R betherelationthat xRy if x> y.Determine whether R is

reflexive, symmetric, antisymmetric, or transitive.

5. The 8 letters, A, A, B, B, C, C, D, D, are to be listed in a line.

(@) (3%) In how many ways can two A’s be together or two B’s be together?

(b) (3%) In how many ways can two A’s be not together and two B’s be not together?

(c) (4%) In how many ways can two A’s be not together, two B’s be not together, two C’s be not
together, and two D’s be not together?

6. Given the following graph, starting from node E, please show step-by-step how to print the value
of each vertex by linked list using the Depth-First Search method. (10%)
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7. Given the following operations for a stack S:

“stack(S)” generates an empty stack S
“empty(S)” determines if stack S is empty
“push(S, x)” pushes x into stack S

“pop(S, y)” pops y out of stack S

Please show step-by-step the contents of stack S after the following algorithm segment is executed.
Also show the final value of variable a and b. (10%)

stack(S)

push(S, 5)

push(sS, 3)

push(S, 23)

If (not empty(S)) pop(S, a)
If (not empty(S)) pop(S, b)
push(S, 6)

8. For binary trees with a letter as a node, please answer the following questions:
(a) Find the root of a binary tree with postorder traversal: AXYDZ (3%)

(b) Find the root of a binary tree with preorder traversal: EABCZFN (3%)

(c) If the postorder and inorder traversal of a binary tree is shown below:

Postorder: QEYHZPBX
Inorder: QEYXBHPZ

please draw the tree. (4%)

9. Given the following keys:
(1) 1018
(2) 9108
(3) 3048
(4) 8107
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(a) Find the address of these keys using the modulo division method and a file of size 35. (2%)

(b) Continued from (a), if there is a collision, use open addressing to resolve it. Draw a figure to
show the position of the records. (4%)

(c) Continued from (a), if there is a collision, use linked list to resolve it. Draw a figure to show the
position of the records. (4%)

10. In the design of modern search engines, a typical question is how to construct an index file. A
simplified example is as follows:
Given two documents:

Document 1: “Mike is quicker than John”
Document 2: “John is quicker than Tim”

An index file contains a data structure to assist the search for the documents that contain given
keywords (for example, Document 2 contains keyword “Tim”).

Now, you are given a collection of one million documents. Each document contains only 10
keywords, but there are totally 1000 keywords in the collection. Please discuss what data structure
you would suggest to determine whether a given keyword exists in any documents in the collection.
(10%)
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