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Error correcting code (ECC) has been designed to cope with a higher bit error
rate. One very simple ECC is to#fiplicateseach bit, encoding each zero as 000 and
each one as 111. When .2n ‘encoded 3-bit pattern is received, the system
chooses the most likely original bit.

(a) How many bit errors'can this ECC correct? (3%)

(b) How many bit errors can this’ECC detect? {3%)

(c) If onel out of every 20 bits sent over the ‘network is incorrect, what
percentage of bit errors would a receiver using this ECC not detect? (4%)
Given the following table, calculate the hast-to-host latency for a 500-byte

message using each network. (10%)

1000 Mbit Ethernet
1COO Mbit/sec

Characteristic 100 Mbit Ethernet

Bandwidth from node to netwerk 100 Mbit/sec

Interconnect latency 10 ps 10 ps
Hardware latency ta/from network 2 s 2 us
Software overhead sending to network | 100 ps 100/1s
Software overhead ‘receiving from | 100.ps 400 ps

network

“Siri” is a voice-based personal assistant that offers conversional interactions
with many applications such as reminders, weather, stocks, messaging, and
email. (a) How is Siri (or similar intelligent dialog systems) different from voice
applications built with VoiceXML? (3%) (b) Discuss what components are
required to build an intelligent dialog system such as Siri? (4%) (c) Discuss what
issues need to be resolved to build a multilingual Siri that responds to more

“than one language simultaneously. (3%)
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You are asked to design a color quantization technique to reduce 24-bit RGB
color images to 8-bit indexed color images. (a) The naive way is to assign a fixed
number of bits to each color channel. How would you make the arrangement?
Why? lllustrate your design with an example. (4%) (b) The popularity algorithm
attempts to build the color map by finding the K most frequently appearing
colors in the original image. List#fe key stepssef the popularity algorithm given
the rationale. (4%) (c) What aregthe pitfalls of the previous two approaches? Can
you suggést methods to make improvements? (Or hame algorithms you have
learned before and discusstheir properties.) (2%)

(a) How much storage is required to store an uncompressed 100 minute Full-HD
movie (24 bit color, 24 fps)? (Ignore the audio part) (4%) (b) If the bit rate for
this movie is set to 10M bps, what isthe compression ratia? (3%) (c) Discuss the
main differences between the MPEG-7 standard, formally named "Multimedia
Content Descriptigniintérface”, and the previous standards such as MPEG-1, 2,

and 4. (3%)
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1. FHET R BT HLEIE BT (CPU) LB ¢ (A) SRR EETT (B)EHETT (O Finds
BT (D)MSREE S AR (B)YEREFEET

2. TIAE TR BB REEH I RIPIRERAR © (A) BIGS (B)UTF8 (C)GB2312 (D)Unicode (E)ASCII

3. THHMETRE RA S BB R R R () B (B)EEN (OBRA D)ERFA
(E)E2R

4. TYUEETGFAEE mék‘zm - OAERR: (A)SLEAR, (B) (FFAE TR (O)XF RIS
(D) Rl (B)EliniE

B EEE (EER)

5. RSELESEHR AL E SUUEETE  (E Y EEe R 5 - T & ?rlZEﬁE
B B B — B el PR i e ZE R B AR 2 2 ﬂfl%?ﬂ%%ﬁi%—ﬂ/)\
MTEENE 7 (A)4 (B)8 (C)16 (D)128 <E>256

6. —RTE > —% QR codé MM Akl [ I E 5 G- (AR code ETEA/N (B)
RSB RIARIEEUEE (O)F ﬁiﬁfﬁ@?ﬁﬁ%m# (D) 2B LR (B) PR EEEX
NE

7. THIH—EERTE (2R QR eode HIVLENE « (X)) RRESS IR A HH&ZURYE (B) BERHELE(C)
AIEAEEF(D)R code (MERAEIE) 2R

8. MBERE 32 (ujnrytho g i HOT(CPU) RS SR ta S o P oIS @

0-7 BRAIICE machine-code > S=ISGRALTE L2885 16=31"%i/ T2 memory-address °
TGRSR L ¢ (A) 12 HEiaSTE S 28 ill-(B) 155 T LIEEFINE S 64K #HEHRY
silEfR (OFE® TLlﬁi‘%??HYE@IOMKEB@H’JuEF”ﬁ“ (D)ZIeS T LIEEFINE S 64K #ERIEC
fBEE (BE)flags @RANEEEIESPITRRAVRGE

9. THUBS—HfiFEL Java Runtime Environment FEE/ERAERE © (A)EsEEE (B)AHES (OW=sm (D#
ey (E)DLEEFR

10. FHHAEE—ERER HIML 85 DURERYE client WHHY forms EERERIE] server BYTR
PUT 1 GET (B) GET A POST (C) POST #1 ASK (D) ASK #1 PUT (E)LALERIE

11. FFURER TCP 1 UDP BUFGH(AT & 835 - (A)TCP F1 UDP EIEHA 1SO EH#ifE &~ HRf& (transport
layer)(B)TCP #1 UDP HYEEEZEE client Fl server fREGETE A EH F HESL (C)TCP 1K3E socket
BT TE TSR (D)TE client A server SAEFET > socket B internet address ELAJLAE
REFEZ (E)TCP/IP A VolP Y IP B FRIFEE -

el o OB M OFE # X
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12, THHAERE IPv6 fithk 1234:5678:0000:0000: 0ABC: 0000: 0000 : FFFF FYIEREHES - (A)
1234:5678:0000:0000:ABC:0000:0000:FFFF (B) 1234:5678:0:0:0ABC:0:0:FFFF (C)
1234:5678:0:0:ABC:0:0:FFFF (D) 1234:5678::0ABC: :FFFF (E) 1234:5678::0:ABC: :0:FFFF

13. FHHAERET B G 7F BN 2 RS R - R E9EER (AMPEG 2 — R IRn BT » &
BERLIRESE  TUAETEEFTEEE (pixel ) (B)BIERIREHFIFITREE IR (C) F A

- FERAIEECE LA R B EASR BT ASEREE R SGR A S E A ERYRIRE(D) DABL

! #t Bt E#imn A # X5 M| 28H 268B(B) =4

FE=0(bi t map) YRR HFRIGMREER - RRERART I E—EER (pixel) » FILIIDUERERORE]

AN == |

14. THIRIFNEEERR TS HTHIRGH - (A5 [EfEewPenth first search B—TE{IESEHM - 47H4 binary
sort SFHEFRERHERERUH (B)AYS catCh &8\ L & SIS E - THANKSHHE
TR IR RIRIRE (C) B A NP hard FRIRYRIRE B BNE A HE WL f%E » T/EFS NP complete ZERIMIRT
HEHIREREERENE T (DyEHY Pl AR PR FEl iy 5 R A EE E (E)Prefix
"¥ A+ B/ CD" REN MEEHLEST &A=t (B +C [ D)

B EEE (FE=)

15. BRI —REEE 1024 EEGE 2R EES R HEE Y P EORBFIRIE S - N ERES (BENHE
FHORER » DA InE T & ARy B et EE a8y n0 A « BEr S in R B — 2R EsEn
BE—iRromEasae s - B BIEE o T 0 TR PAEE s BRGe e —BIiNEE  RETEIL
KAGZ DRI 2 (A)129 (BYTL3 (C)102 (D)93 (E)85

16. BEEFE—EREEITEZ 10245768 pixels » R4 EHT = MF- S ate 55— pixel AYRGBEFEETL
B 6 EErELIE - g+ IEHR T 2GHz TCPU @ o= flgrE T{FEF22 6 {E cycles (cycles per
instruction=6) » RBUF-T¥RA(E(AAM MPEC SEBtasaiiIEmc | H = E e e mrE—E
pixel - USKRRGEIEE S - RS R DIgEREATSRR 2 (M) 14 20 X (B 21 B 30 R
B (C)AH4 31 B 40 Z0Z [ (DL 4TS 585 (BYS5H.,50° X

17. RERF—Z TR (multiprocessing) > £ 8 Bk 10 47 20 WHFRHIERRE - £ 8B 1045 20 M E—1T
{EHEAFAR CPU HEHE R » X TAFFREE CPUAEAF 40 Mo T RESe i (BER TR i R st R vy 8219 ) -
TERBE104 34 MWIFE B — AT E 30 ¥ & CPURTER TEE A CPUBEE - BIZE (B ) S B SR B (first
come first serve) ~ (Z) B TIESREHE (shortest job first) ~ (R UAW STEREA 2 FEE
BEPEI (round robin scheduling)#&fE CPU HEEBRHY 5iEH » B—EE€rsE CPU 7F 8 B 10 45 43 MRS
BT - (MHFEZ B)FHERE (O)ZHER D) =FEE (E)LALEI

18, FEARIKE FHIRERABIGIERIREIZ T » FoI(E) () F— SRR T EA T EIF B E iy
FTRREREE 2 (AEFEHE (B) EHZ (C) FHEZ (D) MEEIE
() for (i=l; 1<1000; 1++) { funa(i) = funb(i-1); funb(i) = funa(i)+l; }

(Z.) for (i=l; i<1000; i++) { funa(i) =2 * i; }
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19. 4R ﬁi%%ﬁ@[ Cos(as") Si“<“5°>} « PRSI T M AR T 1 1 H—{EEE - B PRSI —(EEs

—sin(45°) cos(45%)
FYBERR 7 (A)[-1.414, 0] (B)[1.414,0] (O)[-1, 11 (D)[1, -1] (B)[O, -1.414]
20. DA £(7) WMERYTEY C EE SRR PTG Bl EEEMER N T UMF—BRE ? (A) KB 250 (B)FMH4 200 £ 250
Z (O 150 ] 200 [ (D)8 100 ] 150 2 f (E)/INft 100
int £(int a) { return ((a==3) ? 2 : (a-2)*f(a-1));}

EIUERS HEE (FENS)
21. BjRE##](dynamic programming > 4% DP) By EEREET A APV EEE S - FRE T HEE —EETER S
A M 2 T ISR ROt E P LLCedl ¢ A B B HIIERE - RIFE TFIHET MMIERRGR
= DP AT EUKER T 71— BRR A BB R TR 2 A ), FELZ (B) FEER (C) ZER D) &
BT (E)DA L

(B) CwCn<CatCrr (2 CtCa<CintOr  (9=CoxtCo>CortCm (T, Gt Cr>Crnt-Cow

22. T 5 Java T2E - S E T TG ™4)4.3 (B)3273 4C)12.3 (D)22.3 (E)2.3
publig class item {
int B’
double, fb;

item() ¥ia%= 1; £b=2")
item(int "@mg float b) {ia = _a; ID = b;}

public int get() {return ia;}

static public void main(String [] args){
extra prob = new extra(3, 2.3);

System.out.println(prob.get ()+""+prob.£b) ;
}
}

public class extra extends item {
int ic
extra (int c, double b) { ic = ¢; fb=b;}
public int get (int hi) { return ic+hi;}

}
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1. (20%) True or False (Please write O (for true) or X (for false) as an answer to each of the following

statements.)

Hash function is a function that maps keys to integers, usually to get an even distribution on a smaller
set of values.

B-tree is a binary tree in which if all its levels except possibly the last, have the maximum number of
nodes and all the nodes at the last level appear.as far left as possible.

Both AVL trees and red-black trees are selfbalancing binary search trees.

Fibonacci Sequence can be implemented by recursive function.

A linear list of elements in which deletion can be done from one.end and insertion can take place only at
the other end is known asa stack.

A linked list allows random access to.the data.

In a linked list with/n nodes, the time taken to insert an element after an element pointed by some
pointer is O(n).

The worst-case performance of Heapsort 1s.O(n logn).

A minimum spanning tree can be used torquickly find-anear-optimal solution to the traveling salesman

problem.

(10) In object-oriented programming, OCP (open/closed principle) states “software entities (classes,

modules, functions, ete.) should be.open for extensiongbutelosed for modification”.

2.  (12%) Single Selection

A technique for direct search is

(a) Binary Search

(b) Linear Search

(¢) Tree Search

(d) Hashing

You have to sort a list L consisting of a sorted list followed by a few “random” elements. Which of the
following sorting methods would be especially suitable for such a task?
(a) Bubble sort

(b) Insertion sort

(¢) Selection sort

(d) Quick sort

HOE KB O£ # X
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For an undirected graph with n vertices and e edges, the sum of the degree of each vertex is equal to
(a) 2n

(b) (2n-1)/2

(¢) 2e

d) €2

In average case Quick Sort has order

(a) O(nlogn)

(b) O(n)

(¢) O(logn)

(d) O@n*2)

How many comparisons arexequired to sort an array of length Sif straight selection sort is used and the
array is already sortgd in the reverse order”

(a) 5

() 10

(¢) 15

(d) 20

If a node in a BST has*woichildrén, then its in-order predecessonhas
(a) no child

(b) no left child

(¢) no right child

(d) two children

(12%) Consider the following specification of a graph G

V(

G)={1,2,3,4}

E(G)= {(1,2),(1,3),(3,3),(3,4),(4, 1)}
(a) Draw an undirected graph.

(b) Draw its adjacency matrix.

(12%) (a) What are expression trees? (b) Represent the following expression using a tree: (a-b) / ((c¢*d)+e).
(c) Please show the results when this tree is traversed in Preorder, Inorder and postorder.
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6.

(12%) Write an algorithm for finding solution to the Towers of Hanoi problem by using recursion.

(12%) Given the following C++ program. There are some invalid calls in line 25-29 and 38-45. Please write

down the line number of invalid calls.

1 |class Basel {

2 public:

3 int A(){}:

4 protected:

5 int B (et
6|}

7

8 | class Base? ({

9 publick

10 ki TONSIRINIY |

11 privatei

12 InT%D N ;

1311}

14

15 | class Derived |:Tpublic Basel |
16 protected:

17 int E()%/

18 | };

19

20 | class MI : protected Derived, private BaseZ {
21 protected:

22 int F(){}:

23 public:

24 void G() {

25 A();

26 B();

27 C():

28 D():

29 E()7
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3152
30 }
3111}
32
33
34 | int main () {
35 Derived x;
36 MI vy;
37
38 A()
39 CB();
40 CE();
41
42 y.C();
43 y.D()W
44 v.E(N
45 y-FO%
46
47 return 0%
48 | }
7.  (10%) What does the following C program output?
#include <stdio.h>
int main()
{ .
int array(] = {4, 5, 8, 9, 8, 1, 0, 1, 9, 3};

int *foo =

int *array ptr;

&array([3];

array ptr = array:;
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while ((*array ptr) != 0)

+Earray ptr;

printf ("%1ld\n", array ptr - array);
printf ("%d\n", (*array ptr) - (*foo));

return (0);

8. (10%) The system is described.as below:
The elevator can be at one.of two floors: Ground or First. There are two buttons that controls the elevator: Up
or Down. Also, there are two lights in the elevator that indicate the current floor: Red for Ground, and Green
for First. At each time step, the controller ¢hecksthe current floor and current input, changes floors and lights
in the obvious way. Please draw the FSM (finite state machine) diagram of this system.
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