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1. Consider the following set of requirements for a Social Network database that is used to keep

track of Social Relationships between users and the products that users recommended.

(i) Each user has a name, e-mail address and a unique user-ID. A user may add several users as
his/her friends, and may be added as a friend of several other users. The friendships between
users are unidirectional. X adds Y as a friend of X, and Y may not add X as a friend of Y.

(i) The database stores each product’s name, description and a unique product-id. A user may
recommend several products. The database keeps track the timestamp that a user recommended
a product. A product may be recommended by several users in different timestamps.

(a) (6%) Draw an ER (Entity-Relationship) schema diagram for this application. You need to

clearly indicate the cardinality ratio (1:1, 1:N, or M:N) and participation constraints (total or
partial) of each relationship. (State clearly any additional assumptions you make)

(b) (6%) Map the ER schema into the corresponding relational database schema diagram.
Specify all the primary keys and foreign keys.

2. Assume that you are designing an Item-Sharing Website on the Internet. The data structure
pushedltems links the items that each user had recommended (pushed). Let N be the total
number of users and M be the total number of items, respectively. ~An array users[ ] is used to
record the pushed items for N users. The pushed items of each user are stored as a link list. The
popularity of an item is the number of users that had pushed the item. Assume that each user has
a unique user ID from 0 to N-1; each item has a unique item ID in the range of 0 to M-1.

(a) (7%) Write an algorithm to compute the popularity of each item according to the data stored
in users[ ]. Use the data structure itemPopularity| ] to store the popularity of each item.

(b) (10%) The similarity of two users X and Y is defined as the ratio of the number of items
pushed by both users to the number of items pushed by either user X or user Y. Sim(X, Y) =
[Push(X)Push(Y)| / [Push(X)\Push(Y)|, where Push(X) is the set of items pushed by user X.
Write an algorithm to compute the similarity of two users. Analyze the time complexity of
your algorithm for computing Sim(X, Y).

struct item_info {

char name[30];
int itemlD,;
h
struct itemListNode {
struct item_info  item;
struct itemListNode *link;
I3
typedef struct itemListNode * pusheditems;
pusheditems  users[N];
struct push_info {
char name[30},
int numPushes;
} itemPopularity[M];
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3. Suppose that several bidders are bidding for an iPad product on a 3C auction Website. Only

one bidder at a time is allowed to update the price of the iPad.

(a) (4%) Explain the concepts of critical region and mutual exclusion for this auction scenario.

(b) (3%) Explain one possible solution to control the competition for updating the price of iPad
among bidders.

4. (a) (5%) Successful Web portals have a high degree of stickiness. Please explain how a Web
portal would increase its stickiness.

(b) (5%) Suppose an array Y(its base address is 1200) is declared in C language as follows:
int Y [8][8] - Assume that each integer occupies 4 bytes, what is the address of the array

element Y[4][2]?

5. (9%) The Fibonacci numbers are the numbers in the following integer sequence:
0,1,2,3,5,8,13,21, 34,55, 89, 144 ...
The seed values F, =0, F; =1 and the recurrence relationis F,=F, +F, ,, fornx=2
Please provide an efficient algorithm to solve the Fibonacci numbers.

6. (a) (3%) The computers at NCTU are on a network with id ‘140.113”. So the campus IP
addresses are in the form of 140.113.X.X. If you are the system administrator, do you know
how many NCTU computers could concurrently access the Internet if you assign every
computer a real IP address?

(b) (3%) How many bits are set to 1 for the binary representation of the number 2"-1?

7. (9%)
@ F(1)=1, F(n)=2F(n/2)+1, please solve F(2k)=? (5%)

(b) What is the result of 2*mod 5? ( ! %)
(c) Use the knowledge of @) and (b), please solve 2% mod 5. (3%)
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