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BERRIZ4MHD 5, BIRUCHBCEICERZRAR I REFERA 5L, D
ENICXEREDL 1 BB, BH, BERROHADVRRADTREL S,

BREREOLADORIC, BRUCHEOESRUZREBESEVHILATII L,
FEESRURBREBSELAUV TWEWERIEY TH 5,
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BEDTEHRT £ 1M (Question A1)

PIT oI 2 &,
(1) ROMRAEZ KD X

. tanx —sinzx
im ——
z—0 33

(2) LN ownitizEZ 5%,
Y — 2zy — 322%™ =0

(a) BRI TH 2 T & RTHE,
(b) RO % R X,
(c) WZLE y(0) =3 £ LT, LERZMI,

(3) XOATHRINLEDIHIN Z KD X,

2?3 4?3 =23 (r > 0)
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Question Al

Answer the following questions.

(1) Find the following limit.

. tanz —sinw
lim ————
z—0 33
(2) Consider the following differential equation.

Y — 2zy — 322" =0

(a) Determine whether the differential equation is linear.
(b) Find the general solutions of the differential equation.

(c) Solve the differential equation with the initial condition y(0) = 3.

(3) Calculate the area of the figure described by the following equation.

2?3 423 =23 (r > 0)
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BEDTEHRT E2M (Question A2)

AND/ORARZH W —LRE, ZOLTOBRT LI XLIELT, LMTD4D
DRNZEZ TR I\,

(1) W 29D>y FHEE23DDILNCTT, ATFERTFOZTL—V—F, KoTw
2IUD 1206, 1 RKELIF 2ROy FHEZZLAICHVERS ET5, F2iED
TOE, REBED1IAREZWNS ARG L D r—L%2E2 5, WE, FICEE
INTVLE2 Y FHBOBD ny,ne,ny THBH T EZ (ny,n9,m3) EXRT EL, 1IZ
XA 237070, ny>ny>ng ELTRRITELHIEICTS, DL E,
DT —=LICBIE—LRERLEZ W, HL, PHIREE (2,2,2) £ T3,
72, T RZEZEEIC, HUHAEEBHETELS, Eboh—TDAZES
boLT3s.

(2) TR =oK%, &2EFEDORENS 3 FRDOFEEIDFMEZ R L TWw5,
O FEIHIZEFE, DDOREIFBRFRFTHS, ZDLE, Iy 7 AEITLD
TRCOFBEHOFMEZREL, ¥—LKRKEIRLAEZ W, F/, =22y 7 A
BT EINBREDI-E B8R ZRD L,

(3) EXID7F =2 KR%ZTILT7 7 RX=FEAD THE L 854, BUID SN2 HEE%E
F—AAREIRLEZ O, FERZITTIERL, Z0HENE N HERDIHL
B3V, ok, HHUEREHWEDET S,

(4) TN7 7 R=F A DhFEE, Ko/ —F (fHis) OFHbiESED X 9 22IEF
TWATOEDICES2TIRE S, TIE, TIA77XR=FEN ) DKL - LB
B %20, —MICED LX) BGED., 2O, S =2y 7 AWK
HRTEDRERR IR 50, KROES %R d, 7% b E LT, BRI
N5/ —FofEEzitE L7 ETHAL ZI W0,
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Question A2

Answer the following four questions about a game tree using an and-or tree and the

search algorithms on the game tree.

(1)

Suppose that some matchsticks are divided into three heaps and that two players
take turns removing one or two matchsticks from one of the three heaps. The
player who removes the last matchstick is supposed a loser in this game. The
fact that the numbers of matchsticks in the three heaps are nq, no, ns is denoted
by (ni1,ns,n3). The three heaps are not needed to be differentiated, so we can
assume n; > ng > n3. Then show the game tree in this game, where the initial
numbers of matchsticks in the three heaps are assumed (2, 2,2). If the identical
combinations in the number of matchsticks appear when making the game tree,

you can show only one of them.

The below diagram shows the first three levels, or plies, in a game tree; a circle
node with an alphabet inside denotes the first player’s turn while a square node
with an alphabet does the second player’s turn. Then evaluate values of all the
nodes in the game tree using the simple minimax algorithm and show the values
on the tree. And show the minimax path determined by the algorithm on the
tree.

Show the subtrees that need not be explored when the alpha-beta pruning algo-
rithm is applied to the above game tree. You need explain not only the result
of pruning but also the reason why the result is obtained. Here you can use
depth-first search.

The efficiency of the alpha-beta pruning algorithm depends on in what order the
nodes of a tree are searched. In what case can the algorithm search a tree most
efficiently? And in this case, how much efficiently can the alpha-beta pruning
algorithm search a tree compared with the simple minimax algorithm, assuming
that the tree has an (average or constant) branching factor of b and a search
depth of d plies?



REPTEHRTE £ 3M (Question A3)
(1) XDOC7u 77 LI LUTORWICER X,

void f(int al], int n) {
int tmp;
if (n <= 1) return;
tmp = a[0];
al0] = a[n-1];
a[n-1] = tmp;
f(a+tl, n-2);

}

(a) XRZFTLRDAS a DNEZ G,

int all = {1, 2, 3, 4, 5};
f(a, 5);

(b) £ EHEUHREZFI>, AT LZE&E RV 707 7 L %25,
(2) &I 2D BNF SGEIZ DWW T FORWIZE Z K,

<S> ::= <C> | <other statement>
<C> ::= if <P> then <S> | if <P> then <S> else <S>

T 2T <S>, <C>, <P> 13RIl T TH D <P> FFHFATH 5,

(a) COXHEERTH %, 2OHN%, TSN 248 CoMhiA%z AT
%L THMEE X,

if P1 then if P2 then S1 else S2 (*x)
il Z1E. “if P1 then if P2 then S1” ICX)ILT B ARIZLLTD X I 12
A
<?>
<C>

if <T> then <S>
Pl <C>

if <P> then <?>
P2 s1

(b) B ZRET 2 £ 510 SO STER R EMA &,
(c) WO SO [l 728D (%) ISR 2 BHT A% R X,
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Question A3

(1) Consider the following program in C.

void f(int a[], int n) {
int tmp;
if (n <= 1) return;
tmp = al[0];
al0] = a[n-1];
a[n-1] = tmp;
f(at+l, n-2);

}

(a) Write the content of array a after executing the following code:

int al]l = {1, 2, 3, 4, 5};
f(a, 5);

(b) Write an equivalent program of function f without using recursive calls.

(2) Consider the following BNF grammar for conditional statements.

<S>
<C> ::

<C> | <other statement>
if <P> then <S> | if <P> then <S> else <S>

where <S>, <C>, <P> are nonterminal symbols and <P> is a predicate.

(a) This grammar is ambiguous. Explain why by showing all the parse trees
for:

if P1 then if P2 then S1 else S2 (%)

For example, “if P1 then if P2 then S1” would yield the following parse

tree:
<S>

<C>

if <P> then <?>
Pl <C>

if <r> then <?>
P2 s1

(b) Correct the above grammar so that it is not ambiguous.

(c) Draw a parse tree for (*) by using the corrected grammar in (b).
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BEDINRHRE £4M (Question A4)

(1) St T — %57 7 F ¢ ICBT 2 U TORICE 2 X,

(a) CREETE L7077 .23 84 )L LTIHfTLE T A, segmenta-
tion fault £129) L7 =X v =Y 2L THEIDBHWIL, 2OLT7 =D
#ZZ o3 HERZBANICHPIE X,

(b) AZ v 7 EIZED L) T — I HE»HHE X,

(c) ~MEZRFIER 7 — X T 7 F vr TEN—F 27 TRAY v 7% K —
FLTWE LD\, Z O Z BHE X,

(d) HIRICHI L 72 28 v 2 BRI 75 2 3 X,
(2) HHAICET 2 A FORICE R k.

(a) EA L IXED k5 BB FIHE X,

(b) EBAASTEET 2 TR 2 4 L TR X,

(c) & HAF 2 ZTPICEHIADRAEL Tro, WET 29 —EAL—F 25
TL. JLONBICEIFT 5 £ TO— RN UB DN 2 FHWE X,

(d) EBAXRZ % (Interrupt Vector) DOHERE & EBLT %2 FHHE K,
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Question A4

(1) Answer the following questions on computer architecture.

(a) Suppose that you developed a program in C language, compiled it, and
executed it. The program stopped running displaying an error message

“Segmentation fault”. Explain the possible causes of the execution error.
(b) Explain stack data structure.

(¢c) Many computer architectures provide a mechanism supporting the stack

data structure by hardware. Explain its mechanism.

(d) Explain an example to use the architecture-supported stack data structure
explained in the previous question.

(2) Answer the following questions on interrupts.

(a) Explain the mechanism of interrupts.
(b) Classify the causes to start the interrupts, and explain them.

¢) Explain the process flow of interrupt processing in which an interrupt oc-
g
curs, launches associated routines, and returns to the original execution
process.

(d) Explain the function and implementation methods of interrupt vectors.
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REPTEHRTE £ 5M (Question A5)

HEXABYVM2LF Ty T AT ALICEBWT, FEE 70 20N EEL 7at 2
W, ETENy 772N LT =% (XF) 2R FETAHR Ny 7 7 REICOWTE
A5, BEZET O ADPER LT =21k, Ny 7 7 IS, 20 a2 iHEE 70
AP T, Ny 7713 RENDBEIRNY 77T, Ny 77107 =8 2 AL 5L
BERTHRA VS in, Ny 77067 —FZWHHITMEZRT R VY out b,
Uro7ar77nd, ZORRNy 7 7HEEZEGEL 726D TH %05, Az & 57
HDA—FBRIFTWE 7D, IELSEEL 2w, EFEE 7 1+ 2 1FBIS producer,
HEH 71X 2ZEB%E consumer Z ZNZE N1 HTOEITTZ2HDET S,

#tdefine N 16

char buffer([N];
int count = O;
int in = 0;

int out = 0;

void producer()

{

char c;

do {
while (count == N);
NFcxHT 5,
count = count + 1;
buffer[in] = c;
in = (in + 1) % N;

} while (1);

}

void consumer ()

{

char c;

do {
while (count == 0);
c = buffer[out];
out = (out + 1) % N;
count = count - 1;

e T %



} while (1);
}

PP DOMWIE 2 X,
(1) To7u 77 L0IEL CEfEL Builzre,

(2) Bt~ 7 Asld, #7 V% counter & FFBATH quene 2 b OREER &L L TERR
INb, i~ 7 2129 5 Pard (wait fipm) (X, B2, LT X9
EFXTDHIENTES,

P(semaphore s) {
if (s.counter > 0) s.counter = s.counter - 1;
else ML 70t A% s.queue DIBREITES ;

}

(a) COPHHOa— R, Z0HLY, HAEHKRLATEES R\, ZoH
HElAk, £/, 29 LAHROFBZ BT 22 v oz
K1F. ZOHREE RN X,

(b) 2D P amICHIET 5 VA (signal firdy) ZERYE &,

(3) ) TEZELEP@RALE VASZHNT, 22070 ANIEL L EET 2 &9
W2, EEo7ue s rzEESRZ L, FEOT0 70T, Ny 7 7 NDO LT
Boho v Mg, ¥ count DRHDIZ, =7 +WEDA 7 v ¥ %o THE
X,

(4) ApEE 70 APEBAAAE T 2556, BEH 7 0 2 AR THADERDNE & 7
5, ZOLETOHOIELLEET A2 L), 2) TERLAPMBE VardzHWT,
B)D7Tur I L%IHICEEIZ L,
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Question A5

Consider the bounded buffer problem in which a producer process passes data to a
consumer process via a common fixed-size buffer. The producer process deposits a
data item (character) into the buffer while the consumer process retrieves the data
item from the buffer. The buffer is a circular buffer of size N with two pointers in and
out to indicate the next available position for depositing data and the position that
contains the next data to be retrieved. The following program describes this bounded
buffer problem but does not run correctly due to the lack of the synchronization code.
The producer process executes a function producer( ) once and the consumer process

executes a function consumer( ) once.

#define N 16

char buffer[N];
int count = O0;
int in = O;
int out = 0;

void producer()

{
char c;
do {
while (count == N);
Generate a character c;
count = count + 1;
buffer[in] = c;
in = (in + 1) % N;
} while (1);
}

void consumer ()

{

char c;

do {
while (count == 0);
¢ = buffer[out];
out = (out + 1) % N;
count = count - 1;
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}

Process a character c;
while (1);

Answer the following problems.

(1)
(2)

Find a counterexample which demonstrates that this program is incorrect.

A counting semaphore s is defined as a structure which consists of a counter
(counter) and a queue (queue). The synchronization primitive P (wait) of the
semaphore can be defined as follows.

P(semaphore s) {
if (s.counter > 0) s.counter = s.counter - 1;
else the calling process is placed at the end of s.queue;

b

(a) Explain the reason why the above code of P primitive must be mutually ex-
clusive. Give an example of machine instruction that supports this mutual

exclusion, and explain its specification.

(b) Define V (signal) primitive that corresponds to the above P primitive.

Rewrite the above program using the P and V primitives defined in problem
(2) so that two processes run correctly. The number of characters in the buffer
should be counted by using the internal counter of the semaphore in place of the
variable count in the above program.

Consider the case that there are multiple producer processes. In this case some
mutual exclusion is needed among producer processes. When we implement this
mutual exclusion with semaphores, rewrite the program of (3) using the P and
V primitives defined in problem (2).
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REPTIEHRTE £ 6 (Question A6)

AV —=Fy MZBIT3EEIZOWTUTITOMWIZEZ X,
(1) OSIZWE TV & 132 R ICHE &,

(2) OSIZHETNMICE T 2B 234 THOFFIINIET 24 ¥ —% v FTHWwS
N5 701 k)W THRRICHIE X,

(3) OSIZHETNICE T 2HAFITNIGT 5, H5 70 Fa) PIZOBTOLUT
DHEMNZOVTEZ X,

(a) P23 4 v Ry R—20D 7 v —illffl L fEflil 2179 Z L23bhro>Twn b
Bt. Eioib P Oz —odHIF X,

(b) (2) D P AFH 7 1 — I & WA 2 1 30T X

(c) (a) D P ZHWTIZ 74 7Y b EY—N—EEEZTIGEEEZLD, W
B 4 v F %4 X% CWND, ZDOBfiZ SSTHRESH & ¥ %, fljHio7:
DIZ, 27y FREIZMSS N4 b &L, CWND & SSTHRESH I3 {F-E DN
A FETIER CEERD MSS DfE#Th 5 & &k, 7272 L., MSS 3R+t
TAVEIRET R, METBICH> TRELRTREZIRET 25A1F. Z
no 2R &,

(i) CWND 1 & D & 9122t T 2 il icib R X,

(i) BIE, TR X 912, ACK 2RI TwWiw 7y b5322HH, CWND
I 2 MSS, SSTHRESH 1% 4 MSS TH % & 5%, XTIk MSS 134K
LCEIRLTH B, 5. BHID 437y FMIIEHICZEZINACK b
56179505, 5287y bEHDS Ty v AL, ZOHD 587 v FEIE
WICZEINACK BT T2 ERET S, TN6D 1087y DA
BoKTZ I E, @ULFHEZMZ X,

Client Server

Two ACK X
Outstanding
ACKs

ACKY

ACKY  Datat,2

DATA 1,2/ACK 1,2

Al
ACK 1,2 Data 3,4
\A /

4

time time
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Question A6

Answer the following questions regarding the Internet communication.

(1) Concisely explain the OSI reference model.

(2) In the OSI reference model, what are the protocols used in the Internet corre-
sponding to the 2nd, 3rd, 4th and 7th layers, respectively? Concisely explain
them.

(3) Answer the following questions regarding a protocol P corresponding to the 4th
layer of the OSI reference model.

(a) Suppose P implements window-based flow and congestion controls. Give
one candidate protocol of P.

(b) Explain the flow and congestion controls performed by the protocol P in
(a).

(c) Suppose a client and a server communicate with each other via the protocol
P in (a). Let CWND be congestion window size and SSTHRESH be its
threshold. For the simplicity’s sake, every packet is MSS bytes long, and
CWND and SSTHRESH are not of arbitrary length but of a multiple of
MSS. Note that MSS is Maximum Segment Size. Explicitly write down

what assumptions are made in the answers.

(i) Briefly explain how CWND changes over time.

(ii) Suppose there exist two outstanding ACKs as shown in the following
figure. CWND is 2 MSS and SSTHRESH is 4 MSS. Note that MSS is
omitted in the figure. From now on, suppose the first 4 packets are suc-
cessfully received and their ACKs are also received, but the 5th packet
gets lost. Also suppose the successive 5 packets and their ACKs are
successfully received. Draw a diagram to depict how these 10 pack-
ets are transmitted between the client and the server with appropriate
explanations in the diagram.

Client Server

Two

ACKs

Data1,2 % ACK X/Data 1,2 CWND=3

DATA 1,2/ACK 1,2 ACK 1.2 Data 3.4 A
) ata 3,
\A /

4 4

time time
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BEDTEHRT 7 (Question A7)

(1) amPENER R I B9 2 DU ORI 2 &
(a) 4y MEBD 2 AJ) - 1 ) o&ESRZHE L, B & GmPEmn g
X %R,
(b) Fx Yy 77~y FlEZHWT, 8y MEHD2 A - 1 o4
IR & i O £ P R

(2) ROwHBEEF (x, y, z, w) 2L L. LS 172 B D not-and-or X T
#Kad &, ZDffif b omEz R,

(a) F(0,0,0,1)=F (0,1,1,1)=F (1,0,0,1) =F (1,0,1,0) = F (1, 0, 1,
H=F(1,1,1,1) =1, ZOfhDHEIF0

(b) F (0,0,0,0) =F (0,0,0,1) =F (0,0,1,1) =F (0, 1,0,0) = F (0, 1, 0,
H=F(0,1,1,1)=F(1,1,1,1) = F(l 1,1,0)=F (1,0,0,1) = F (1,
0,1,1) =F (1,0, 1,0) = 1. ZDfthDHAEIZ0

not-and-or JTER & 1, xyz + x'zw + ... & oMK TE I N, R A
i) & NOT [Hl#%, AND [H#%, OR [BIEEDIEFE TR THETE 229,
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Question A7

(1) Answer the following questions on logic circuits.

(a) Design a full adder with two inputs and one output of 4bit integers, and
show its true-false table and a figure of the logic gates structure.

(b) Design a full adder with two inputs and one output of 8 bit integers with a
carry look ahead circuit, and show a figure of the logic gates structure.

(2) Simplify the following boolean functions F (x, y, z, w) and show the simplified
form in the NOT-AND-OR form and the simplifying process.

(a) F(0,0,0,1)=F (0,1,1,1) =F (1,0,0,1) =F (1,0, 1,0) = F (1, 0, 1,
1)=F (1,1, 1, 1) = 1 and otherwise F (x, y, z, w) =0

(b) F (0,0,0,0) =F (0,0,0,1) = F (0,0,1,1) = F (0, 1,0, 0) = F (0, 1, 0,
)=F(0,1,1,1)=F(1,1,1,1) =F (1,1,1,0) = F (1,0,0, 1) = F (1,
0,1,1) =F (1,0, 1, 0) = 1, and otherwise F (x, y, z, w) = 0

Note that NOT-AND-OR form is represented in the form of boolean function
such as xyz + x’zw + ..., and is implemented by a logic circuit which is organized
by NOT gates-AND gates-OR gates in this order.
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REPTEHRTE £ 8M (Question A8)

EHEFERZHML L9 L T2 L&, BRADOZEMMTEEIEEEZMETH S, —i
2, IR E L CiEiiEEE (2—2 Y v FiE#EE) A HwSsNTWwWE DS, #%
) BEFERPLZ DT — ¥ RBUC X > TE, EREEEECIEZ2HBIR 2 B U I 5T & 72
WIGEDH B, 2D LX) RHE 20T, ZNFNIIOVT, (1) ZOHEROHMBICE
FREREED Y] T2 WL 2 B (1) Y] & b 2R A R - B &,
L. RETRHEEIZNFNEZZ2bDETEZE, (0F), HhHlicHE 12T,
a2 o0RL 2 IEEERETL L)



Question A8

In order to understand spatial phenomena, spatial proximity is an important concept.
While the straight-line distance (i.e. Euclidean distance) is broadly used as an index of
spatial proximity, spatial relationships in some type of spatial phenomena and/or their
data representation may not appropriately be evaluated by the straight-line distance.
Give two examples of situations where the straight-line distance is an inappropriate
index of spatial proximity. Then, for each situation, (i) explain why it is inappropriate
and (ii) propose and describe an appropriate index. Note that indices you propose
should be different for the two examples. (That is, you need to propose two different

indices, one for each.)
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