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BEPITIERE £ 10 (Question A1)

flx) & f'(x) 1% f(x) O—RBIOCREREEE R,
LIT ORI E 2 &

(1) U T oMn iftXaeE R 5,
f"(x) + af'(x) + bf(x) = 0 (a, b: F%)
FERXOFESFREAX 22 +al+b =02 mE+ni(n+0, i: ) OEEME L
DL X filx) =e™ .cosnx & fo(x) =e™ -sinnx N 1 MMOFEAELE D L
o,

(2) LT OHMERIE A% 2 %,
f'(x) + 4f'(x) + 16f(x) = 0
ML £(0) =V3. f(0)=0 L35,
@) f(x) %K &,
(b) f(x) PHKEEZ LD x 2RDE, 2L x>0 £95,

(3) f"(x) + 2f'(x) + 4f(x) = e* +sinx O—fEfAEERD L,
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Question Al

f'(x) and f"'(x) are the primary and secondary derivatives of f(x), respectively.

Answer the following questions.

(1) Consider the following differential equation:
f"(x) + af'(x) + bf(x) = 0 (a, b: real numbers)
where its characteristic equation, A> + aA + b = 0, has solutions
m *+ ni (n # 0, i:imaginary number).

Show that fundamental solutions are f;(x) =e™* -cosnx and f,(x) = e™ - sinnx.

(2) Consider the following differential equation:
') + 4f'(x) + 16f(x) = 0
where f(0) =+/3 and f'(0) = 0.
(a) Find the solution f(x) of this problem.
(b) Find the value(s) of x at the local maximal value(s) of f(x) under the assumption
that x > 0.

(3) Find the general solution of f"'(x) + 2f'(x) + 4f(x) = e** +sinx.
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MEPHERTF £ 2/ (Question A2)

WIEDN X, BN Yy T, LT OWbUTHE > #d{a,} 252D, TIELxEyld
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a,=a,,+a,, (N=22), a,=x, a=y. @)

¥ {a,} ICOWTIFOMWCEZ X,
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Question A2

Consider the sequence {a,} that is determined by the following recurrence formula where

the first termis X, and the second termis Yy.Notethat x and Yy are integer constant.
a,=a,,+a,, (N=22), a,=x, a =Y. (1)

Answer the following questions regarding the sequence {a, }.

(1) Show a recursive algorithm to determine a general term a_, of the sequence {a, }.

Also show the computational complexity of the algorithm.

(2) In order to determine a general term a_, of the sequence {a, }, we can utilize the
multiplication of the matrix Q. Determine the matrix Q, and obtain a, intermsof Q

and a constant vector.
a

n

&

a‘n -1

&,

_o. (122, O =[Q11 qlz}. )

q21 q22

(3) Improve the algorithm as much as possible for determining a general term a, of the
sequence {a,} by using Q and show the computational complexity of the improved

algorithm.
(4) Obtain a,, when x=1, y=3.

(5) Consider the sequence {a,,} where a general term a is the remainder of the
division of a general term a, of the sequence {a,} by an integer m. Show the

sequence {a,,} iscyclic (only the same sequence of numbers occur repeatedly).

(6) Obtain the period of the cycle in the sequence {a,, }.
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BESHERE £33/ (Question A3)

(1) ROENE %A 1EEE T54H K B0 ERUL S -8/ NS S A L, FE R %8
MDD 16 TR LR SV,

(a) 0.5

(b) 1.0
(¢) 1.25

728, IEEEHRS T o8 NI OB AUL, LT Om ) Th 5,

lbit 8bit 23bit

CHFsD> € fBife > € B m >
® [f5s: 0DRHIIEDH, 1OKITADOEZRT

® fEi¥ie: 2% L L, 12TCAA T AINTMET, ~126~+12TDEE & %

® (KHum: BN/ IR E L, TORICERD I Y MRHDHET D,

(2) RAID (Redundant Array of Inexpensive Disk) IIEHEIEDEWT 4 A7 ZFERK
THFEO—DOTHD, EDOLIRFEN, W OO L-YLIZEIZHBHE X,

(3) DMA (Direct Memory Access) X, FD X 57 Y X, F7-. AR
T, ED XD B A EE b T ARRCAE A ARG A H I TR X,
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Question A3

(1) Translate the following number with IEEE754 single-precision floating point format in
a normalized form, and express them with eight hexadecimal numbers.
(@ 05
(b) 1.0
(c) 1.25

IEEE single-precision floating point format is as follows:

1bit 8bit 23Dbit

<sign s>  <exponente > & significand m >

® Signs : ifsisO, itis positive number. if s is 1, it is negative number.

® Exponente : eisanumber of exponent of base-2, is biased by 127, and varies between
-126 and +127.

® Mantissa m : Top of the mantissa is zero point, and there is an implicit upper 1 bit.

(2) RAID (Redundant Array of Inexpensive Disk) is a method to build reliable disk.
Explain the method of RAID for each level of RAID.

(3) Explain the mechanism of DMA (Direct Memory Access, and explain which kinds of
processing it will make efficient with a concrete example.
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BESWTEHRE F 4R (Question A4)

N—=VERZ T XLIZET DL TFOMVIZE 2 &L,
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0, 1, 2, 3,0, 1, 4, 0, 1, 2, 3, 4
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— )L MEEIIR LT A Z 0370, EOHE 23AE X,

(4) LRUTZ A TY X NF. +5— R =T OXKEN WL ERNNETH S, Bl
LIZFEBATREZR LRU O 7 /v T X A% 1 DZFF, FOME 25 HE X,

(5) FIFOT7 /LU R ARLLRUDNTEL T L T Y RAD%L TlE, BHENEH LTV AL
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Question A4

Answer the following questions about the page replacement algorithms.

(1) How many page faults occur for the LRU algorithm for the following page reference
string, with four page frames in main memory.

0,1,23,01,401,23,4

(2) In the FIFO algorithm, the number of page faults may increase as the number of available
page frames increases. Show this by calculating the number of page faults that occur with
three and four page frames for the above page reference string.

(3) In the LRU algorithm, the number of page faults never increases when the number of
available page frames increases. Explain the reason why.

(4) The LRU algorithm is not feasible without substantial hardware assistance. Give an
example of LRU approximation algorithms that can be implemented on the real computer,
and explain its outline.

(5)Discuss the possibility of the FIFO algorithm or many of the LRU approximation

algorithms that it mistakenly replaces a page that is still in active use. Describe a technique
of actual operating systems to protect against such possibility.
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REDITIERT £ 5/ (Question AD)
Tur I I EEICET AU TOMICEZ L.
(D Cé%%i

= AH

T, 52 6N EBEES 25 (Y — F) T 2B sort Z Rl L (B4
NEIEFNET S FEIET B D20, LUFOREEES 2 Vv & n i3k array O
REBTH D,

void sort (int arrayl[], int n);

(2) CERBICLDUTOT — A HEEREE D"

typedef struct list {

int v;

struct list *next;
} List;

v next v next v next
1| o= 3 | e 2
C

ZOF—=EEEERWS L mE2EY AN (1,8, 2] IZLLTFICRT LRV VTR
DA RELTCEHRTES (WIINULL Z2EWT5):

SEETC. HBaohe U A R EWIEIC L TIRTEIE reverse

(BEBESITLT) %
ERT L, SIEELTEINTZI A NDOT =2 HEEZHELTH LW,

List *reverse(List* list) ;

Bl z1E, Eito U A~ (1,3, 2] & reverse I[CH RSN DITHRDY A K
ThbH,

v next v next v _ next

2| e 3 | e 1
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Question A5

Answer the following questions related to programming languages.

(1) Write a function definition for sort in C, which sorts a given integer array (either in
ascending or descending order).
Use the below function declaration where n contains the number of elements in array:

void sort (int arrayl[], int n);

(2) Consider the following data structure in C.

typedef struct list {
int v;
struct list *next;

} List;

Using this data structure, a list [1, 3, 2] can be represented as a linked list shown below (L]
means NULL) :

v next v next v next
1| o= 3 | e 2

Write a function definition for reverse in C, which reverses the order of a given list (this
function may modify the data structure given as a list). Use the below function declaration:

List *reverse (List* list) ;

For example, if the above list [1, 3, 2] were given, reverse would return:

v next v next v next
—r> 3 | e 1

N




MEPHERT £ 6/ (Question A6)

A B =3y MZBITA%y hNU—ZBO a0 hailidf v Z—xy v Fa ha
WIP)YRH 5, IPIZBI L TULTFDORIWIZE 2 &L, HERHIVX, KA6-1 (TR 1LT-
PNy N BDEAT T T A RE X,

(1) HA6-1IZH1F 5 “Version”” IZIXED L H T — 2 NEEIND ), A L
BRI

(2) XA6-1i2F1F 5 “Identification” .  “Flags” . “Fragment Offset” %% §iAH
K,

(3) KA6-11ZH1F D “Timeto Live” D#E|ZHilHE X,

(4) KA6-11281F 5 “Protocol” & 1Efn 2 iBHE X,

(5) XA6-11231F 5 “Header Checksum” 13T D72 D128 2 D+ X,

(6) KA-LIZHBITDH 74—/ RDH L, MRBOBEIZEWTALR LD, KL —

Z BT OBRICER SN b O K, BHT 5B DI LTIz #
SND0EH Z R,

(1) IPT R U ADF Ve Z R D HM DO —DIINAT R H D, N7 v FANAT
Ze T D BROMIE ORT & TE DT FEIC R ~ X,

(8) BUEDA X —Fy MZBWT, IPFa haid"—T 3 »OBEFITHEA TH
2V, ZOBBRERSR EOXII LS ZOMERRETE DNETDE X
ZeR = I,

0 1 2 3
01234567890123456789012345678901
s S T e S s s a3
|[Version| IHL |Type of Servicel Total Length |
s T Tt S B o T T S S s Tt s S S T S e S
| Identification |Flags| Fragment Offset |
s T Tt S B o T T S S s Tt s S S T S e S
| Time to Live | Protocol | Header Checksum
s B s R S o St E S S S e
| Source Address |
s T Tt S B o T T S S s Tt s S S T S e S
| Destination Address |
s T Tt S B o T T S S s Tt s S S T S e S
| Options | Padding |
s B e A A B B S S S e O R s st S ¥

[X|A6-1
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Question A6

In the Internet, IP (Internet Protocol) is used as one of the network layer protocols.
Answer the following questions regarding IP. Refer to the diagram of IP packet header as

shown in Figure A6-1 if necessary.

(1) What is specified in “Version” in Figure A6-1? Also give the reason why we have this
field.

(2) What are the roles of “Identification”, “Flags”, and “Fragment Offset” in Figure A6-1,
respectively?

(3) Explain the role of “Time to Live” in Figure A6-1.

(4) Explain what “Protocol” in Figure A6-1 specifies.

(5) Explain why “Header Checksum” in Figure A6-1 is necessary.

(6) Among all these fields in Figure A6-1, distinguish those that are invariant during the
communication between end-systems and those that are updated at routers. For the
latter, show the reason why they get updated.

(7) NAT is considered as one of the techniques to mitigate the exhaustion of IP addresses.
Describe the communication in as much detail as possible when packets traverse NAT.

(8) In the current Internet, IP protocol has not been replaced with a new version yet.
Describe the reason for that and show your opinion as to how we can resolve this issue.

0 1 2 3
012345678901234567890123456789¢01
e S s o e s S o s St Tt
|[Version| IHL |Type of Servicel Total Length |
R T e o e s e S S
| Identification |Flags| Fragment Offset |
e S s o e s S o s St Tt
| Time to Live | Protocol | Header Checksum

e S s o e s S o s St Tt
| Source Address |
s e
| Destination Address |
e S s o e s S o s St Tt
| Options | Padding |
e S s o e s S o s St Tt

Figure A6-1



HBEPHERF £ 7/ (Question A7)
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Question A7

(1) Answer the following questions

(a) Explain the behavior of combination logic circuit of Figure A7-1.

(b) Explain the behavior of combination logic circuit of Figure A7-2, then explain the

advantages over the logic circuit of Figure A7-1.

iz j 3% va

A2 ~—;] :)Di v

vt ’

Figure A7-1

(2) Answer the following questions.

.

—

- |
|

c4

o — 1)) >

.

:

:

o— 1)) >

GCo

T

Figure A7-2

(a) Explain the behavior of sequential logic circuit of Figure A7-3 with its Karnaugh map.

J [ :0_': -~ Q
ClK |
K '_0—:7 ra
Figure A7-3
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(b) Provided we combine multiple logic parts as described in Figure A7-3, and build a

sequential logic circuit as displayed in Figure A7-5 (The circuit in Figure A7-3 is

depicted as Figure A7-4).
A7-5.

— CLK

Figure A7-4

B1

Explain the behavior of sequential logic circuit of Figure

J o l—Bo J Q-

CLK CLK

K Q l— K Q
Figure A7-5

.

— B2

(3) Figure A7-6 is A/D Translation Circuit which has five level 0~4. Output SO, S1, and S2
represents 000~100 in association with the level 0~4. Design the logic circuit in the

white box in Figure A7-6.

Here, J> means a comparator which outputs “1” if the voltage of “+” is greater than

the voltage of “-*.

Vref

Vin

9

S2

S1

SO

R
—
= . A4
R
p—
7 A3
R
I
S
— A2
R
——I
—1 Al
R
.-}“M
=" A0
Figure A7-6
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MEPHERT F£8M (Question A8)
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Question A8

(1) Explain the following three sets of terms concerning geographic information and spatial
data concisely.
(a) raster data, attribute data, mixed-pixel problem
(b) spatial data, accuracy, uncertainty
(c) GPS (Global Positioning System), latitude/longitude, world geodetic system

(2) A major characteristic of objects or phenomena in space is called the friction of distance

(or distance decay).

(a) Explain this concept concisely, and give two examples of spatial phenomena that are
affected by the friction of distance.

(b) In relation to the concept of friction of distance, discuss spatial interaction models, such
as the gravity model, concisely.

(c) Concisely discuss the relationship between physical distance and cognitive
(psychological) distance.
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