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WBEPHERTE £ 1/ (Question A1)

PLITD (1)~ (3) DFVNIE 272 SV,

(1) >E DOMPREZ KD &

1—cos?2
(a) limﬂ (@ B#0)
x>0 x-sin fBx

(b) lim ! TR L (- "
im<—
e lp nP+1l nt+2° n*+m-1)7°

(2) M : r=3cos@ THHENDMEIKSI L —FT 414 A R : r=14cosf T
PH & 41 5 fEdEk S2 o i sy o mifE A 2R 8 L.

(3) NAFEIZADNRANKD L TORRMEZ T1 (43), BDOARRNEKS £ TORM %
T2 (G0 &T5H. EBLLNONANREITHKDS ETORREZ Tnin (47) LB<.
(a) FEREHTL & T213FNFh (0, 40) OXFT—HESAITHED LT 5.
7B, T & T2 IMNIEHTHD.

(i) Tmin OMERFATBIEL, MeRBEREE, WFFHELZ KD K.

(ii) 20 DFF- THNRADR KRN -T2 L &, 30 5FF> TH EIE/NAN KRR
RO L.

(b) WMERELTL & T2 IXZFNENIFFHE 40 5 ORBEOMITNED &3 5.
ZDOLE Tmin OMERSAMEEZRD K. 7ok, T1 & T2 M EHTHD.



Question Al

Answer the following questions (1)~(3).

(1) Calculate (a) and (b).

1- cos2
(@) lim—"" (- f#0)
x>0 x-sin fx

(Mlm{l+ A L }

e lp nP+1l nt+2° n*+m-1)7°

(2) Calculate the area of intersection of the area S1 enclosed by a circle: » =3cos6 and

the area S2 enclosed by a cardioid: r=1+cosf.

(3) Let T1 and T2 be the time in minutes until bus A and bus B arrive at the bus stop,
respectively. Also let Tmin be the arrival time of whichever bus comes first.
(a) Suppose that the random variables T1 and T2 are uniformly distributed on the
interval (0, 40), and that T1 and T2 are independent.
(1) Find the distribution function, the density function and the expected value of the
random variable Tmin.
(i1) Find also the conditional probability that no bus arrives for 30 minutes, given that
no bus has arrived for the first 20 minutes.
(b) Suppose instead that the random variables T1 and T2 are both exponentially distributed
with the expected value of 40 minutes, and that T1 and T2 are independent. Find the

distribution function of the random variable Tmin.



MESHERE £ 20 (Question A2)
TN Y ZANET AU TFTORWCE 2 k.

Quick Search ¥£ (Sunday {%) 1%, XFHIRBET NTY A LO—FT, WP/ F—2
DRRAITRIL LR C, MBENGE LTI ORDO—XT (T o) OFFEIZL D MK
TNH =V BENEDY T NUFRERET DTNV ALTHD. 7 M 5HLF
BIIHOES g TEBRINTWD. 22T T35 A, ¢, ¢, T
D4 FHETHDLETD.

B

p123... l
]

ESSES S]] ‘CATCGCGGMGAGTATAGCAGAGAG
|

>
>

INH— ‘GCAGAGAG a

o 183 ...

MEXNGCFY] CATCGCGGAGAGTATAGCAGAGA ARG
|

NG = GCAGAGAG
Byl
(q[Al==2i2 kv, ZXFH> 7 +T5) c ACGT
qle] | 2

(1) al ¢ 1, al 6" 1, ql ‘T7 ] ZRkOTHES q ZFEHLSE L.

2) HOBIT, MRITKEIT D ETOMEB AT = ORENEZ = THIZFET L.
(HTiE, MEALE 0 LMREAE2 ORI ZTRLTND).

(B) KD B DMy EOL D RILTHNESHADL L, BEEEN RS L LD 0.
ZOX TN ZRE. £, RRECHRDT D ETOMR NS — OREALEE
ETHIEEE L.

(4) MDOCFHEET VT Y A hE—oHY) BT, fERICHAE L.
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Question A2
Answer the following questions.

Quick Search method (Sunday method) is a string search algorithm.
This algorithm shifts the pattern matching position until matching fails (at o in the figure
below). The numbers of shift steps are stored in the array q in the figure.

Here, we assume that alphabets are ‘A’, ‘C’, ‘G’, and ‘T’.

B

12 3 ...

|

String to be matched CATCGCGG‘AGAGTATAGCAGAGAG
Pattern GCAGAGAG a

01 3 ...
Stringtobematthed ' ¢ A TCGCGGAGAGTATAGCAGAGAG

Pattern GCAGAGAG
Array q

C ACGT

(After this match, the pattern will be
shifted 2 characters because q[‘A’l==2.)

qlel | 2

(1) Complete the array q by giving q[‘C’], q[‘G’], and q[‘T’].

(2) Using an example illustrated in the figure above, list all the string matching positions until
the search succeeds (The figure shows the situation that string matching occurs
at positions 0 and 2) .

(3) Replace B with a string that causes the largest count of string matching.
Also list all the string matching positions for this search.

(4) Select another string search algorithm, and briefly explain it.



WBEPHERT £ 3 (Question A3)

(1) BEEFES 100MHz D~ A 7 a7 at 4 P A3, 50,000,000 5% 3715
RUFv =TT ARNETHol2L A, ZNHDOMSE 0.2 P TEITTHZ L
MTXT.

(a) ~A4Z7ua7akyH+POMPSHEEEZ X.

(b) v~fZ7urua¥t ¥ PdCPI (Cycles Per Instruction) fHEZZ X L.

(c) ~A4Z7u7uaty P PRZDLHRCPIEIZARDDIE, EOXHREd(bFik
MEHA SN TND06D, TOFELEZRS, EO LD 72FEPHRE L.

Q2) 77 eAGIET —FT 7 F¥ICEAT AU FOHGEE B L.
(a) U 7{%i# (Ring Protection)
(b) 77 v AHlI##Y A b (Access Control List)
(c) 743 U7 ¢ (Capability)
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Question A3

(1) 100MHz-microprocessor P execute a benchmark test with 50,000,000 instructions
in 0.25 seconds.
(a) Give MIPS of the microprocessor P.
(b) Give CPI (Cycles Per Instruction) of the microprocessor P.
(c) Give a technique that can achieve such CPI and explain the reason why it can

be accomplished.

(2) Explain the following terms on access control architecture.
(a) Ring Protection
(b) Access Control List
(c) Capability



BEMTEHRE E 4/ (Question A4)
FR—F 4 VTV AT MOV TLUL TFORWIZE 2 L.

(1) AR —=FT 4 VTV AT ANT B Y AR (T2 T 50 @ RET 5 HERE
TRCHIF L.

(2) 1/0 bound 727 m& A & CPU-bound 72 7' 1t X A fHBICERYE L.

(3) WATY vt XDRFEFATHIEEOFZ >R L, TRENZ @RI L.

(4) TavRAERFEITTHEODAT Y 25 —%23061F, HESLLZHiRE L.

(5) O() A7 Yo T— & Ifain?

(6) CFS(Completely Fair Scheduler) & IXfafhx?
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Question A4

Answer the following questions related to operating systems:

(1) List all the pieces of information that an operating system keeps in order to execute
a process.

(2) Briefly define I/O bound processes and CPU-bound processes.

(3) Give two examples of concurrent execution and control of parallel processes and briefly
explain each of them.

(4) Give three examples of schedulers for executing processes and discuss advantages and
disadvantages of each of them.

(5) What is O (1) scheduler?

(6) What is CFS (Completely Fair Scheduler)?
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HFEBHOELSEZN LT5. 7Toh—~ B AcklIn, ne NIZxL,

n+1, ifm=20
Ack(m,n) = { Ack(m — 1,1), ifn=0
Ack(m — 1,Ack(m,n — 1)), otherwise

ELTERSNIEBEDZ L THS.

(1) Ack 7 77 I VT EREIC BrH5z X FERLETe 900
SR B RiEE X
(2) LTFIE Ack D EERETHDH. ABC THESN-MHAHD L.

m\.n 0 1 2 3 4 n
0 1 2 3 4 5 n+1
1 2 3 A
2 B C

(3) Ack(1,2) DFFEDOEOBEEITOH LIEZLL FO X HICRKILTHEE, Ack(2, 1)
DOFHEDOBEOBEEIFOH UNEZ Lkt & (Ack &2 A LREFET D).
A(1,2) =400, A(1,1))

= A0, A, A(1,0))
=400, A, A, 1))
=A@, A(0, 2))
=A00, 3)
=4

WD AEEDO D n € NIZX LT, Ack(m, n) NAREEOFRER TEIEL, ZDOFHER

BHIFAEETHS (Ack(m n) € N ) Z & ZIFHE L.



Question A5

Let denote non-negative integer N. Form,n € N, Ackerman function is defined as:

n-+1, ifm=20
Ack(m,n) = ¢ Ack(m —1,1), if n=20
Ack(m — 1,Ack(m,n — 1)), otherwise

(1) Give an implementation of Ack by a program language of any choice.
Also specify the name of the used programming language.

(2) The below table contains Ack values. Fill the cells A, B, and C.

m\.n 0 1 2 3 4 n
0 1 2 3 4 5 n+1
1 2 3 A
2 B C

(3) Here we denote the calling sequence of Ack(1,2) calculation as below (where A is the
abbreviation of Ack).
Using this notation, write down the Ack(2,1) calculation sequence.
A(l,2) =A(0, A(1,1))
=A(0, A(0, A(1,0))
=A(0, A(0, A(0,1))
=A(0, A0, 2))
=A(0, 3)
=4
(4) For any m, n € N, Proof that the computation of Ack(m, n) terminates within the
finite calculation steps, and the result value is also a non-negative integer.
(ie., Ack(m,n) € N )



BEPHERT £ 6/ (Question A6)

A E—=FXy FDRT U AR—KEOZ7 2 ha LB LTLLFOMWCE z L.

(1)
(2)
(3)
(4)

(5)

(6)
(7)

(8)

KA6-1IZEIT B3 v b~y XEFFOT 8 b a o4z ET.

[XIA6-11Z 31T % “Source Port”, “Destination Port” D4 % | LA H AL R~ L.
[XA6-11Z331F 5 “Sequence Number” & {31 7>, F 72l D 7= DT FE ) aR -~ L.
[XA6-11Z 31T % “Acknowledgment Number” & (317>, F 72{0f D72 I
R

JA6-1IZF1T H“Reserved” DB L IZ< H 6 DDT7 T 7D HH, XEYITHET D
LOEMFEL, T bHOHNEFEMISRR L.

BIA6-1IZ 31T 5 “Window” & IR~ 2 AA[D 72 DI B DT K.

Zo7m hAMIBENT, ATy P ERBEIZER LW OOfliEA 2 5H T,
A6-LICE T D37 v b~y X affio T, Ol Z i L.

T RY =z REHE L0220 TV AR— 7 v harzflc
Al

0 1 2 3
01234567890123456789012345678901
R T s s S e e e s S St s S S T S
| Source Port | Destination Port |
Tt T S T S S o T s T K Tt S Tt et S S B S S S S
| Sequence Number |
L s s S e e s Tt e S S X
| Acknowledgment Number |
Tt T S T S s Tt Tt Tt o S B B B e B B s S &
| Data | |ul IPIR| |F] |
| Offset| Reserved |R|X|SIS|Y|I| Window |
| | |G| |HIT| IN| |
s s o S e e S s S St S e &
| Checksum | Urgent Pointer |
R Tt s s S B e e et St S B e e S T S &
I Options | Padding |
L s s S e S S e S e st S B S S
| data |

tt—t—t—t—t =ttt =ttt =t =ttt =ttt =t =t —t— bttt =t =t =t ==t —t—+
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Question A6

Answer the following questions regarding transport layer protocols in the Internet.

(1) Give the name of the protocol of which packet header is shown in Figure A6-1.

(2) Explain why “Source Port” and “Destination Port” in Figure A6-1 are necessary.

(3) Explain what “Sequence Number” is in Figure A6-1 and why it is necessary.

(4) Explain what “Acknowledgment Number” is in Figure A6-1 and why it is necessary.

(5) Among six flags after “Reserved” filed in Figure A6-1, complete those corresponding
to X and Y and describe their purposes in detail.

(6) What is “Window” in Figure A6-1? Explain what it is for.

(7) In this transport layer protocol, give two control mechanisms for not transmitting packets
excessively, and explain them using the packet header shown in Figure A6-1.

(8) What is the end-to-end principle? Explain it using the transport protocol.

0 1 2 3

01234567890123456789012345678901
A Bt s
| Source Port | Destination Port |
B i T T T e
| Sequence Number |
A S
| Acknowledgment Number |

s St S S s s At St e e

| Data | Ul |PIR| |F| I
| Offset| Reserved |R|X|SIS|Y|I] Window |
| | |G| [HIT| [N |

s T s At S B T S at S S
| Checksum | Urgent Pointer |
s Tt e B s S e s S
| Options | Padding |
T T e S e e S St S L S
| data |

L L e s S e e s S B S s

Figure A6-1



WEIIEHRF 57/ (Question A7)

(1) LLTofvic&Ez £.
(a) 4bit @ BCD Adder Zg%Ftt X.
1) BCD adder (X 4bit TO0~9 EFTOEEZRT ANDB 2 RHKH Y,
INDHERELUE UIAERMN 10 12720 7R ERD 2 JTHEIETH 5.
(b) 3-to-8 line decoder Zg%Flt X.
7£) 3-to—8 line decoder &i%, 3 &>y NASIDASAF UV 0~T7 125 LT,
line O~1line 7 2% 112725 decoder EIIECTH 5.

Q)7 VT 7ay LI ED LD B, (KFEHRTEZET,
ZTDOF— MBI UOEMBHERZEL L BT, To8fEEZHHE L.

QVBIE, ~AM/n7atydoray 7 EEEOERPELS 2o Tn5D.

sy s RO A DR ER R E D L 5 7 & 2 A0 b % ik
Ak
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Question A7

(1) Answer the following questions

(a) Design a 4 bit BCD adder.

Note) BCD adder is defined as the logic circuit that has two sets of 4 bit inputs 0~9,
one 4bit output 0~9 and a carry output that turns into 1 when the calculated
result is more than 10.

(b) Design a 3-to-8 line decoder.

Note) A 3-to-8 line decoder is defined as the logic circuit that has 3 input lines for 0~7,
and eight output lines. When a binary number is input, the corresponding output line

turns into 1.

(2) To show the mechanism of a Flip-Flop circuit, give representative examples of
Flip-Flop circuits, and explain their functions using true-false tables and logic gate

diagrams.

(3) Today, the progress in the clock cycle of microprocessors is slowing down.

Explain technical limiting factors for the increase of the clock cycle.
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(1) 227 —# - HIBFRICET 2L TO (a) 725 (¢) DOFFARFICONT,
TN &

(a) M, ik, MR

(b) ZEMZHR (BER), (L& (GFT) FE

(c) SRZEM], ARAEZE[H]

(2) ZE]EEHRICBET DL FORWICE % K.

(a) ZEMIEMOREE - FIFICE L UL, 2EFF A3V a—T 4 ZHilo
JCABEIFEENTWA. ZOFBEIZHOWTREIZR < K.

(b) XX Ra L a—TF ¢ VI EIGH LT-ZRMIEHR Y AT LOfl%
— O, OB ERRE. (AT AHNE, EEICEH SN TWDHDOTY,
B4 TEZTLDTHEDARW.)

(c) FRROIEHI AT LD MENLT X ZRGELICWERS . ED X ) RElA
W, EOXITKRAEELT O & LWvady, BARICERTE L.



Question A8

(1) Explain the following three sets of terms concerning geographic information and
spatial data concisely.
(a) maps, map projections, scale
(b) spatial reference systems (coordinate systems), identification of locations (places)

(c) real spaces, virtual spaces

(2) Answer the following questions about space and information.

(a) In the development and use of spatial information, ubiquitous-computing technologies
are expected to play important roles. Describe the reason for it briefly.

(b) Give one example of a spatial information system to which ubiquitous-computing
technologies are applied, and discuss its characteristics. (For the example of a system,
you can give either a system that is in actual use or a system that you think of.)

(c) Suppose that you want to examine the "usability" of the above application system.
Discuss how you would do that, in terms of the aspects that you focus on and

the method of examination.
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