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1. (10 points; 2 points for each) True or False. Please write O (for true) or X (for false) as an answer to
each of the following statements.

(1) The value 1001101 based on 2 is equivalent of the base 8 value 111.
(2) The smallest integer represented by 8 bits in two’s complement format is -128.
(3) For solving a problem, the divide-and-conquer approach first divides the given problem into sub-

problems, conquers or solves each sub-problem, and then combines solutions for sub-problems into a
solution for the given problem.

(4) Data structures guewe and stack behave in the same way, because they both are used to hold a
collection of data items and allow data items to be inserted into as well as removed from a collection in
an arbitrary order.

(5) For a singly linked non-ecircular list, the time required to remove the first data item from the list
depends on the number of data items in the list, i.e., the time complexity is O(n).

2. (30 points; 3 points for each) Single Selection. Please select one of the choices for each of the following
questions.

(1) Which one of the following binary numbers is the result of the binary number 0011 XOR (the logical
operation exclusive or) the binary number 01117
(a) 1100 (b) 1010 (c) 0110 (d) 0100

(2) What is the largest integer represented by 8 bits in two’s complement format?
() 127 (b) 128 (c) 255 (d) 256

(3) Which one of the following sorting algorithms is the most efficient one in the worst case?
(a) Selection sort (b) Quick sort (c) Merge sort (d) Insertion sort )

(4) Which one of the following techniques is the most similar to thetechnique of web proxy?
(a) Cache (b) Virtual machine (c) Multi-core processors (d) Cloud computing

(5) What is the data type of the following C codes: int *ptr;
(a) int (b) address (c) pointer of int (d) None of the above

(6) Which one of the following methods is the best way to select a pivot key for quick sort?
(a) Mode (b) The largest number (c) The smallest number (d) Median

(7) Which one of the following programs is NOT a compiler? -
(a) GNU Compiler Collection (b) Firefox (c) Javac (d) Psyco

(8) Which one of the following programming languages is NOT an object-oriented programming language?
(a) Java (b) Fortran (c) C# (d) Python




BIBAKRE 104 SEFELIIHELHSE

R g BENFRLSUSE |, . N
ROH OB mmmemm 7 | ke xR B M S>AEE (V) B

S1%>3

(9) In the OSI (Open Systems Interconnection) 7-layer reference model for communication systems, on
which of the following layers are Wi-Fi (IEEE 802.1 1) and HTTP (Hypertext Transfer Protocol) working
respectively?

(2) Physical Layer and Application Layer
(b) Physical Layer and Transport Layer
(¢) Network Layer and Application Layer
(d) Network Layer and Transport Layer

(10) Why the IP address, 103.46.266.70, is INCORRECT?
(2) It has too few parts.
(b) It contains an invalid value.
(c) The numbers should add up to an even number.
(d) The last number should end with 254.

(25 points; 5 points for each) Term Explanations. Describe your understanding about the terms.
(1) VPN
(2) CPU
(3) DNS
4) FTP
(5) SSH

(15 points) Draw the basic computer architecture (also called Von Neumann architecture), and briefly
describe the function of each component in the architecture.

(10 points) Model-View-Controller (MVC) is a popular software architectural pattern for implementing
web applications. Please describe the main concepts of the design pattern.

(10 points; 5 points for each) Digitization.
(1) What is the difference between the following two digital image files: bitmap and vector images?
(2) Calculate the file size of a true color (24-bity image.in pixel 512x512. (1 KB = 1024 bytes)
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1. (10%) Rewrite the following program so that it computes a greatest common divisor using recursion instead
of iteration.

unsigned greatest_common_divisor (unsigned a, unsigned b} {
while (a I=b) {

if (a>b) {
a-=b;

}elseif(b>a){
b-=a;

}

2. (10%) Rewrite the following program so that no “nested” conditional statement is used. Namely, you have to
remove the nested if statements without affecting the semantics of the program.

double getPayAmount() {
double result;
if (_isDead) result = deadAmount();
else {
if (_isSeparated) result = separatedAmount();
else {
if (_isRetired) result = retiredAmount{);
else result = normalPayAmount();
I
}

return result;

}/'

3. (5%) Match the programming paradigms (Object-oriented, Imperative, Functional, and Logical) supported by
the corresponding languages. Note that one programming language may have multiple paradigms:

Scala: '

Prologﬁ

Java (before JDK7) :

C (ANSI):

Python (version 2):

4. (15%) Arduino is a very important rapid-prototyping platform in DCT (Digital Content and Technologies)
- research field. For example, a PIR (Passive Infrared) sensor can be used to detect presence of a human. If the}
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data output of the PIR sensor is connected to pin no. 2 and there is an on-board LED occupying pin no. 13,
then the following control program can direct Arduino to blink the LED when a human is detected:

-~

lvoid setup(} {

pinMode(13, OUTPUT);

pinMode(2, INPUT);

}

void loop(){

int val = digitalRead(2);

if (val == HIGH) {
digitalWrite(13, HIGH);
delay(500);
digitalWrite(13, LOW);

Based on the example given above, please write a control program to read raw values from LM35, transform
Lhem to temperature values (in Celsius), blink LED, and then output via the serial port.

cococeccolicoecs coo)
T DIGITAL mz

. M35
Arduino

+5 Out Gnd

5 Balzze M0 o
&
c[,‘qu\r)’\ Source : Mqrda/s M. Avvlamy Cookbook. , 2/¢

IHint: oreilly >+ 1.
® The LM35 temperature sensor produces an analog voltage directly proportional to temperature {in Celsius)

with an output of 1 millivolt per 0.1°C {10mV per degree). You can use (raw value/1024.0)*5000 to get the
millivolt.

Use Serial.print(...) for outputting data to serial port
Since “Out” of LM 35 is attached to the analog pin, you should use analogRead(...) instead of digitalRead(...)
® Please use the following code template:




Byt RE 104 Z2E2EaIaL4LERER :
T %; B %3 R
R Ll A it T Y R EE RSN N
&/ 5> i '
void setup()
{
Serial.begin(9600);
/
void loop()
{

// ...(you code)
}

5. (5%) What is a “Callback” function? When do we need it?

16. Linked List and Array:

(1) {10%) Comparing Array and Linked List by filling in the form:

Array Linked List
Memory allocation (a1) (a2)
Data type of the elements | {b1) (b2)
reliability (c1}) (c2)
' The speed of sequential access (d1) (d2)
The capability of increasing space (el) (e2)
dynamically

(2) (16%)Please define data structures (in C programming language) that represents a Polynomial (ex: 3x*+2y>+1)
based on Array and Linked List, respectively.

(3) (4%) Based on the answer given in (2), give an-exemplary Polynomial that wastes much memory space when
implementing using Array.

7. B-Tree:
((1) (4%) What is the difference between B-Tree and M-way Tree?
(2) (6%) Given the following B-tree of order 4, please draw the results after inserting 888, 918, 938, and 999.

8. (5%) When shouldn’t one pick the first element as pivot when using quicksort? Why?

9. (10%) What are the computational complexities for the following mechanism? (1) Worst case of Mergesort (z)W
Average case of Insertion Sort (3) Worst case of Heapsort (4)Deleting the whole Circularly Linked List
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