23 (201 1) FE

RRRFRERFFRFR AL RIBERAF

ELrRE (BE2iREHRFEI—X)
AFARFEE
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TEOEEFEE & <HATEE L,
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1.
2.
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FMFOEXIE 1 8R—ITHB, &I, &7, HRIFHADOEFRRENH >
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ARFICE, FF8HEDMEINEZEETNTWD, CD8HEHDHFHNS 4ZFIRLT

BEIBIL,

FFOMREICIE, BARFEXERFNDHSD, HERFEXHDERLZHD T, =
EXEHBLETHLEETH D, MBICERDEWVWDLHZI551E, HEENZESE
g5I¢&,

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

BREREOLADORIC, BRUCHEOESRUZREBESEVHILATII L,
FEESRURBREBSELAUV TWEWERIEY TH 5,

7. BEICRVTEECHRE (FBBEYY—TRY V) ZERAT B L,
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BEDTEHRT £ 1M (Question A1)

PIFD (1)~(4) DRIGICE Z 2 X\,
(1) AT OBIB D% K& X,
f(r,y) =a* +y* — 22 — day — 2¢°
(2) UTF oMoy itz 2z n 20,
(a) 2zye’dr + (y + 1)z*e¥dy = 0
(b) 322" —axy +y =0, >0
(3) BAN DNy itz fi# T,

dx dy dz

Y —22  y—2z z2—2
(4) ANICART 2 DOMEE (a), (b) DI@ETR T OUWEZ KD &,

(a) 22 +y* <r? (r>0)
(b) 2%+ 22 <7? (r > 0)
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Question Al

(1) Find the extremal value(s) of the following function.
f(r,y) =a" +y* — 22 — 4oy — 2¢°
(2) Solve the following differential equations.

(a) 2zyevdr + (y + 1)z?e¥dy = 0
(b) 32%" —ay +y =0, z >0
(3) Solve the following simultaneous differential equations.

dx dy dz
yr—22  y—2z 2—2

(4) Calculate the volume that is common to the two cylinders, (a) and (b).

(a) 22+ 92> <r? (r>0)

(b) 22+ 22 <72 (r>0

~—
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BEDTEHRT E2M (Question A2)

=7 v 7 (PageRank) &%, Web DR D712, MAIZY v 7BARDH 555~ —
COEMIM(R= T 7)) ZRDBZTNTY LT, UTFDLI ICERIN TS,

i = 2 Ri=1
k%&ﬁ@ %%

TIZT, RIFR=2 iD=V 57, N 1ZRX=2 i O R— ~AD ) v 7 DR
BN IER=2 i DY VI BFHFOR=—VDES, DRI ER—CDESLTE, D
R=IPoHDOR—= DY) v 7 HIZEADOEDET 3,

DUFDFIcE Z &,

(1) MFTOMDER=YDR=Y T 7 %2RkdD X,

\ 4

P1

AN

(2) M I TRUCHIS T 2B750Ch 5, KIDEGD 1 TH % &) ICIEH LI
TV I EIKHERELT, MZERIE X,

P2

poe— | ™
[0 0
0 0
M=|0 1/2
P2 I AN > 1 1/2
0 0

> /

BYM ER=YF5v 7 R=[R---Rs|" L DOBGRZERE,

(4) M 26— 7 v 7 #8HT 2525 &L,



Question A2

PageRank is an algorithm for Web search that calculates the weights of the pages that
are interconnected by links. It can be defined as:

R
Ri=% & Y R=1
keh; Nk icd

where R; denotes a pagerank of the page i, N; is a total number of links from page 1,
A; is a set of pages that have links to page i, and @ is a set of all pages. The number
of links from one page to another is at most one.

(1) Calculate the pageranks of the respective pages shown in the diagram.

\ 4

P1

AN

(2) M is an adjacent matrix corresponding to the below diagram. Complete M

P2

(note: the sum of each column is normalized to 1).

e
0 o ]
0 0
M=|0 1/2
5 P4
P2 —F > 1 1/2
0

UV Z AL

(3) Show the relationship between M and pagerank vector R = [Ry - - - Rs]".

(4) Briefly explain how pagerank can be calculated from M.
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REPTEHRTE £ 3M (Question A3)

T XA L DR SREDXTI (U8 =) 2RI 270071 3Y ZLICEL
T UTFORWICEZ BRI, B8, TX¥AMITIL7 7y b nXFE»r57% 0, il
text[ | KIS NTED, N¥—VETAL 77y bmLFE» 542D (HL n>>m).
Bl pattern| | ISHEAI LTV 2b D ET 5,

(1) SOXIBXFIMRBT N ITIRALELELT, K1IZhbbD%2EZ S5 (L

© 0 N O O b W N =

e e e e
o Ok W N, O

BoH%E CIETRLTH S, (THOBFRITHESTZTRT), ZOTILITY XL
OFEESHL X\, T, ZOT7ILDY ZL0HEE (A—¥—) 2% 217k
S\,

int bf_match(const char text[], const char pattern[])

{

int i = 0;
int j = 0;
while (text[i] != ’\0’ && pattern[j] '= ’\0’) {
if (text[i] == pattern[j]l) {
i++;
jtts
} else {
i=d -3+ 1;
Jj=0;
}
}
if (pattern[j] == ’\0’) return (i - j);

return (-1);

X 1

(2) (1) DTFATY RATIE, FBOCRICHE S LAy =2 2 BB L TS —

YOREPSOBERTI O, ZNETORAEEENETCSNTLEY, 22
T, ZOBEHREZFEHL T, XY=V DOMXFEHETOTF A MI—HL 7ZDhIC
JIGUT, WY = 25T BEZRODZ TV AL E2E25, HlZI1E, TFA
I “ABXABYABCABDEF” 7584 — ¥ “ABCABD” # & T 3854, /87 —
YDIXTHCTA BB EINED, TFALD2XTFHETIX “AB” T
HH., O THIHERET 2 ED R W L2 EKRL TW5 DT,
NRY—=vZTXAFDX ET2XFTTH LT, N — DD 6 G2 H
BT dUE R, ZDEE, 8 — “ABCABD” FOELF LA I 1
2L EIIRI =BT oTFREDVNIGER LU TOREZERIE 72 I\,

INY — D XF A B C A B D
NY =T 6T TR 2
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B) 2D kI BEE, TXAMBHRLK AR —VHGZHFARE I L TTOREL
7o LT, TXANDHRDERY =V ERBETETNVI)V AL EEZD, ZDL)
BRMVEG skip[ ] L LTEALNTWE (Y =26 T XFHI Y — v
HOSCPMHICEANICEI S T %) HEIC, K1 O 5~131TH D while X2 FH
EHZTCZDO7NTY AL ZFHBL X\,

(4) )TN XLDFHER (X —5—) 2% A3 \w», HL, Wlskip] ] 2 fF
JRY %70 DEIMREEIIEZ %S TRV,
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Question A3

Answer the following questions about the string search algorithms that can search for

a specific pattern in a given text. In the following algorithms, a text consisting of n

characters is supposed to be stored in the array text[ | while a pattern consisting of m

characters is supposed to be stored in the array pattern| | (n>>m).

(1) Consider the algorithm shown in Figure 1 as one of the string search algorithms

(Figure 1 shows only the key function of the algorithm in C language format.
Each figure in line head denotes row number) and explain its behavior. And
estimate the computational complexity of the algorithm.

int bf_match(const char text[], const char pattern[])
{

int 1 = 0;
int j = 0;
while (text[i] !'= ’\0’ && pattern[j] !'= °\0’) {
if (text[i] == pattern[j]) {
it++;
jt+t;
} else {
i=1-3+1;
J=0;
}
}
if (pattern[j] == ’\0’) return (i - j);
return (-1);
}
Figure 1

(2) The algorithm in Figure 1 discards information on previously matched charac-

ters because it repeats pattern matching from the head of a pattern whenever
a mismatch between a text and the pattern occurs. Then consider an algo-
rithm that makes use of this information to determine where the next match
could begin, thus bypassing re-examination of previously matched characters;
for example, when searching for the pattern “ABCABD” in the text “ABX-
ABYABCABDEEF” | the algorithm finds a mismatch at the third character ‘C’
in the pattern, meaning that the first and the second characters in the text are
‘A’ and ‘B’, respectively and that there is no chance of finding the beginning
of a match at the positions of these characters. The algorithm thus moves the
pattern to the character ‘X’ in the text and searches again from the head of
the pattern. Assuming this algorithm, fill the following skip table indicating
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how many characters in a text the algorithm can skip to move the pattern of
“ABCABD” when a mismatch is found.

character in the patteem |A B C A B D

the number of characters that can be skipped 2

Consider the algorithm that calculates in advance the skip table as shown in
the question (2) by checking a pattern, no matter what text is given, and that
searches for the pattern in the text. Assume that the skip table is stored in an
array skip[ | (the number of characters that can be skipped is stored in the array
according to the character sequence in the pattern), realize this algorithm by
rewriting the while sentence (Line 5-13) in the program shown in Figure 1.

Estimate the computational complexity of the algorithm in the question (3). Do
not estimate the computational complexity in determining the array skip| |.
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BEDINRHRE £4M (Question A4)

(1) BMEGTICB T EA X7V FOUTO7 FL2E— F2HIE X,
) 7 FL A (direct address)

) [#7 FL A (indirect address)
c) HXF7 FL A (relative address)

) ATy 7 AMERi7 F LA (indexed address)

) R=ZAL T RAZHXNT FL A (base register relative address)

DD LEROFERRMGSZ., EMSEEY b7 Mdz AW THEEET
TNTY A% 70—F v — b EHOTEBE X,
AH

2
%
(3) HMAHGMEICBE T 2 A T O WICE 2 X,

(a) HAHFE (Associative Memory) 23D K 9 72 i A #iHE &,
¥ vy ¥ a X E Y OflENGEEREES ED X ) Icflibn 2 23 X,
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Question A4

(1) Explain the following addressing modes in operand part of machine languages.

Direct address

(a
(

b) Indirect address

(
(d

(e) Base register relative address

)
)

c) Relative address
) Indexed address
)

(2) Describe using a flow chart the algorithm implementing multiplication of two
unsigned integers by combining add instruction and bit-shift instruction.

(3) Answer the following questions on associative memory.

(a) Explain the mechanism of associative memory.

(b) Explain how the associative memory is used in cache memory control.
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REPTEHRTE £ 5M (Question A5)
(1) RAEFEEOR=YEHE7 L) ZLICOWTU TORWICIEZ X,

(a) R=¥ 0~9 ITNT 27 7 ZAH, UT DRIz & 2R2, LRU (Least
Recently Used) 7N 3Y RALATEMINDE RXR—=I B END»ZIBR L,

{7’ 9’ 3’ 2’ 9’ 4’ 6’ 1’ 3’ 8’ 2’ 7’ 9’ 3’ O’ 3’ 2’ 1’ 5) 7’ 3}
(b) LRU DFEHU5EH 2 HiHE X,

(c) R=Y 77 ADNROBIRD 6, i & BN L R—TEHET )L ITY XL
ZED L) b Doz FHYE X,

(2) Frvra-abLryy—EREICET57 4 P ALV E T4 PNy 2D
B2 X
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Question A5

(1) Answer the following questions about page replacement algorithms in virtual
memory mechanism.

(a) Provided there are pages, 0, --,9, for virtual memory. Answer which page
will be replaced by the LRU (Least Recently Used) algorithm after the
following page access sequence.

{7’ 9’ 3’ 2’ 9’ 4’ 6, 1, 3, 8, 2, 7’ 9’ 3’ O’ 3’ 2’ 1, 5’ 7’ 3}
(b) Explain the implementation example of LRU algorithm.

(c¢) Explain the ideal page replacement algorithm from the viewpoint of page
access efficiency.

(2) Explain the difference between write-through method and write-back method in
cache coherence mechanism.
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REPTIEHRTE £ 6 (Question A6)
AV =%y MIZBET T OMWICEZ &,
(1) AS(Autonomous System) & (32>l BLICFHHE X,

(2) AS NEER&E & L TIREN R D D2 2 DB CHIHE &, £/, 2z hofl]
HRRZ DT OB 6 i X

(a) X v t— DOBMENE
(b) I
(¢) =7 —IZhd 2Bk

(3) AS FIHEEHIE L L CRENZ S D% 1 D%, 3l k.

(4) “prefix hijacking” ORJE & 1ZM2FHE LK, £/ ZOMEZ AT 212X E9
L76 X,

(5) “Hot Potato Routing” & 13 faf2>, #2285 THE L < Bl X,
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Question A6

Answer the following questions regarding the Internet.

(1) Define AS(Autonomous System) concisely.

(2) Explain two representative algorithms employed for intra-AS routing. Also, dis-
cuss pros and cons of each algorithm from the following perspectives.

(a) Message complexity
(b) Convergence

(c) Robustness
(3) Explain one representative algorithm employed for inter-AS routing.
(4) What is the problem of “prefix hijacking”? How can we avoid this problem?

(5) What is “Hot Potato Routing”? Explain in detail giving examples.
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BEDTEHRT 7 (Question A7)

(1) 2E v F 7= 02 AJIOHERIc VBT, FBEER T L7 T, 207 — |
W2 R X

AJ1 A0, A1, BO, B1, HiJ1:A, B, EQ

(2) TRUIRT X, zp~a3 DAEY FDNAFYAHZBE, TODORT AV
(z0~2) D OHRINIBFDTY Y NFREE, At bR -cRa§
%, TIT. & 2 DR FHET 2 5BIEE OBERE 2 S PERIEL i (zo, 21, 20, 23)
TETLE, UTOMICEZ X,

(a) 0~9 IAND AT G Z oNT- L ZDKMNOEZ 0 LEERT 5, ZDIKD
HIBEEL fi(i = 0,1,2,3,4,5,6) 1T 2 IEEHER O 9 & BIEHOBD K
YL 26Dz Ho0, ZOEMEHEDITEH T,

(b) 25 IT2WT, 0~9 IAD ATNTHT % Hi /1% Don’t Care & L 723556 D,
BMfER, AV —<y TR L7 1T, 2 O Z2GHE T 2 5mBin
Zaxatd .
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Question A7

(1)

Answer the true-false table and logic gate diagram of comparator with two inputs
of 2-bit data as follows:

Input: AO, A1, BO, B1l, Output: A, B, EQ

The following figure illustrates a digital number display consisting of 4 bits bi-
nary inputs (zg,---,x3) and seven segments (zo, - - -, 2zg), which is implemented
by a combination logic circuit. When we describe the function of the logic cir-
cuit calculating the value of each output segment z; by using logic functions
fi(xo, 1, x2,23) , answer the following questions.

(a) Provided that, when an input is none of 0,---,9, each output value is
defined as 0. Describe the disjunctive canonical form of the function f;(i =
0,1,2,3,4,5,6) containing the most number of terms.

(b) If the value of z5 is "don’t care” when an input is none of 0, - - -, 9, describe
the true-false table, the Karnaugh map, and the logic circuit for calculating
Z5.
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REPTEHRTE £ 8M (Question A8)

(1) 227 —% - HEERICBET 2T O (a) 226 () DFEARHCOWT, 207
NRTRICEHY X,
(a) R7F—=F—=%, bFRY—
(b) HWFRIEERS A T L, LA Y, F— =L A f@HT
(c) HEAL (WIRL) . FEK. HEAER
(2) ZEHOEHRICEIT 2 LT OLMWICE 2 X,

(a) Z2HFERORENLZMEEL LT, TH 52 HRMHAICEREZ D> Tw
05, EWAEENZ- D DX DB ICH D LD LEDBARDHFD L g, &
WA ZEBREITOND, DI EIZHOWT, BB Z R Z 7038 3l k|

(b) ffE (A7) WO E 22 2BICEE L b 2 2 L&, il -
I - 422 2R OBLED & RIS &,



Question A8

(1) Explain the following three sets of terms concerning geographic information and
spatial data concisely.

(a) vector data, topology
(b) geographic information systems, layers, overlay analysis

(c) visualization, thematic maps, visual variables
(2) Answer the following questions about spatial information.

(a) One of the fundamental characteristics of spatial phenomena can be de-
scribed as “Everything is related to everything else, but near things are

7

more related than distant things.” FExplain this statement by giving some

concrete examples.

(b) Briefly discuss the issues that you think are important in the development
and applications of locational information, from the perspectives of tech-
nology, use, and society.
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10.

11.

Read the following instructions carefully.

. This booklet is for the examinees in Applied Computer Science Course,

Graduate School of Interdisciplinary Information Studies.

This booklet includes eighteen pages. Report missing, misplaced, and
imperfect pages to the instructor.

This booklet includes eight questions. Select any four questions and
answer only those four.

Each question is described both in Japanese and in English. Use the
Japanese version primarily; the English version is provided for the
reference purpose only.

There are four answer sheets and a scratch paper. Use one answer
sheet per question. A scratch paper is provided for calculation. Only
the answer sheets will be considered valid.

. Write a question number and your examinee’s number in the des-
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considered valid.

Use only black pencils (or black mechanical pencils).
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also allowed to answer in English.
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