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B ApiEaRes @1 P (Question T1)
ZARTyFREE, UTFTERESNIETHS.
Fy=0,
F] = 1’,
Foig=F,+F,ey (n = 0).
PITFORBRRHIE R L.
(1) Fs&ERD L.
(2) UTO7 4Ry FEOHETALIY XLOFER (F—F—) ZRD K. -
int fib(int n) {
if {(n == 0} return O;
if (n == 1} return 1;

return fib(n-1) + fib(n-2);
\ )

@) DLV BHEOLNT 4Ry FHFETNLITY XAEFE. FEEO
SHEE R R L.



Question T1

The Fibonacci numbers are a series of numbers defined by the following equations.
Fy=0,
Fi=1,
Foa=Fy,+Fp; (n = 0)

Answer the following questions.

(1) Calculate Fs.

(2) Explain the time complexity (order) of the following calculation algorithm of

Fibonacci numbers.

int fib(int n} {
if (n == Q) return 0;
if (n == 1) return 1;

return fib(n-1) + fib(n-2);

(3) Describe a more efficient (faster) algorithm to calculate Fibonacci numbers than

the one shown in (2). Also discuss its time complexity.
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| SEEmEIERSE B2 (Question T2)

LU oRRCEZ L.
W U =1i1_nm sin 4x — sin x SR k.

X

@ v =.If x*cos x dx FRD L.

® B y=in X 14— ORMEERDE KR, 5508 T 5.
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Question T2

Answer the following questions.

(1) Find the value of U =1lim w

x>0 X

(2) Find the value of V = J-f x* cos x dx .

5

5 where
x° +1

>

(3) Find the minimum value of the function, y =1In /x> +1 +

x>0.
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HESEMIERSY FE 3R (Question T3)

(1) BBRERESRT ALIE, EDO LD RVAT LEBWT 50, FXBANT,
100 CFREETHAT L. |

(@) 7V =EROEEXZEIT. IbIL, UTORXTRbENSEZ (D7
— Y e R, FRBER TORME 2 KRE L.

x(i) = expl-alf]) (a> 0, -co<1<o0)

() UTFORVITER L.

(a) B T3-1 D AT AT BIT A IRERE Hz)Z R K.

X(z) ' k Y&

o>
+L - | .J

] T3-1

(0) ZDVAF APNRERVAT AL IRB DO FTIY.
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Question T3

(1) Explain what a linear time-invariant system is using about 50 words and some

equations.

(2) Describe the definition of the Fourier transform. In addition, find the Fourier
transform of the following signal x(f), and draw the diagram in frequency domain.
x(?) = exp(-ali]) (a>0,-00< 1 <00)

(3) Answer the following questions.

(a) Find the transfer function H(2) of the system shown in Figure T3-1.

X(z) : k |

v \ ¥(z)

Figure T3-1
{b) Describe the condition for stability of this system.

(c)' Find the frequency response |H(f)| when £/=0.5. f denotes the frequency, and 7'
denotes the sampling time interval.
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SEEMNIERSE FE4R (Question T4)
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Ouestfon T4

A 2DOF(Degree of freedom) arm is pushing an object on the tip horizontally at the
uniform velocity as shown in Figure T4-1. The mass of the object is m=5kg, both link
lengths are /=1.0m, the kinetic friction coefficient between the floor surface and the
object is #=0.2 and the gravitational acceleration is g=9.8m/s*. Assume that the origin is
at 77. Y of the contact point of the arm tip and the object is 0. You can ignore the mass

of the arm,

Answer the following questions.

Figure T4-1

(1) Calculate the force f acting on the tip of the arm.

(2) Let x denote the horizontal movement of the object (i.e. the distance from the origin
to the contact point of the arm and the object). Describe x by using /, # and 4.

(3) Derive the drive torque needed at the joints 7 and T3. Describe them by using £, /,
Gand &.

(4) Describe the drive torque at the joint 7> as a function of x. Draw a graph of the
function whose horizontal axis is x and vertical axis is the drive torque at the joint
T; '

(5) There exist several motor types to use for driving the joint 7. Pick a motor type and

briefly describe its n

ialy

characteristics and parts required to use with.



HEEEERRS E5B (Question T5)

(1) 2WITFEITENT, A plx,y) & FA0.0,0.0) FHLICRERERED T HE
O [rad] Bl SV RER, Rp' (', Y) BB Lz, & p QOEEEMEE2ERITHIT
R~

(2) 2WITLEITBNT, A plx, ) % (a,b) 2T WITHEN S ¥, BB (d,e) D
[ FFRFEI D IZAE G [rad] BER S B AFHER. Rp' () IXBEB L, Rp D
FEREME % AT H T,

(3) STERMITBNT, Ap(x,y,z) %, XEZEFMCAE G [rad] BEE S V72
FRp Y. 2DICBE Lz, &M p OFEEEZE E#ATHITRYE,

(4 2WILEmIZINT, FEE C (F03EE (0.0,0.0), 322 1.0) 12, K p(x, )
NEENEINEIDEHETEI oS358 C OFE int
inside_circle C{double x, double y)? 1 DDEIEFNILL T OBV THD, &
ZL, HOBER 1 2REVEL L, BOBEIR0 LT3,

int inside_circle_C{(double x, double y){
double distance2;

- distance2=x*x+y*y;
if (distance2<=1.0} {return 1; }
else {return 0; }

J¥

B 15-1 DR AT (FAAB). HIB W, HHiE H, EiiX X #hic
xt LRBFETRI D ICAE T [radH<) 12, Aplx, ) BEENDENE S e
ETAHTerT I /558 C DB nt inside_rectangle R(double x, double y,
double A, double B, double W, double H, double TYDFHEEZ/ER L, =7 L.
BEOBRX1ZRVEL L AOESRIL0 &9 5, EE double sin(double m),
double cos(double n) 2 - TH B>,
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- Question Tb

(1) With two dimensional transformations, find the transformation matrix that expresses .
a counterclockwise rotation by the angle & [rad] around the origin (0.0,0.0).

(2) With two dimensional transformations, find the composite transformation matrix
that expresses a counterclockwise rotation by the angle &{rad] around the point

(d,e) after a translation by (a,b).

(3) With three dimensional transformations, find the transformation matrix that

expresses a rotation by the angle 6 [rad] around the X-axis.

(4) With two dimensional = transformations, . ‘the following function int
_ inside_circle_C(double x, double y) of C programming language is an
implementation of the spatial operator to determine whether the point (x,y) is inside
the circle with its center (0.0,0.0) and radius 1.0. The returned values 1 and O mean

true and false respectively.

int inside_circle_C(double x, double y){
double distance2;
distance2=x*x+y*y;
if (distance2<=1.0) {return 1; }
else {return 0; }

)

With two  dimensional  transformations, write the function int
inside_rectangle_R(double x, double y, double A, double B, double W, double H,
double T) of the spatial operator to determine whether the point (x,y) is inside the
rectangle that has center (A B), width W, height H, and angle T [rad] between
bottom and the X-axis (See Figure T5-1). The returned values 1 and 0 mean true
and false respectively. Functions double sin(double m) and double cos(double n)

can be used in the answer.



(0.0,0.0)

Figure T5-1
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4k - AREHRE ZE 1M (Question L1)
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FOWMNCTEREE| < 2 &, (*URL: http://www.georgeslentz.com/origin.html)
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RAHCHEEN A THNR, ThR—Z bR ZIhbETHE R
T b nBAE LVRIEE o7, A%, 1 A6 B, FAEBEZO®
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ik - AREHRY 28  (Question L2)
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X4t - ARBIESRYE 3/ (Question L3)
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ik - ASITERE F£ 40 (Question L4)
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Stik - ARSTESRS #5010  (Question L5)

1995 FHiR. BASHOFMLIZR . LAV T4 VHHZYDL EITE LT,
L LEFE, ENODIEE AR, EPHRTERY, 727 RAEPHURH
ATVBREDSESERMANDL, ML LILAT A 7HFEL LTERM LR
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(1) 1995 & h 2008 FETOHWIEWELIEAT A TEHED I B, F7
A UEHEOBY FzREREEL 521 Bbhd b 0EEEMI o5,
600 FREEETHMA L X1,
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¥ik - ARE1EHRe $£6M (Question L6)
WDOXEZHA T, BIWCEZREV,

HEREECHEEZ A4 R/THIERE, HETOEBLEFHLT, A
WS TEES T EREB, RELDLIL. FHE LA OFEFORE
PEESPHEITIT TR, HESLEE, BARL LI ESERERE
AEFEOBHETELTVBEHDEEVIEREITTND, =1 v/ 3TENAS
o S T DFERV AT AOWERRE B 27 o T& 7 [MOBIllearn|
FrYx 7 FME, 2005210, FALN - T T OEEEBRO TOE LTR

L,

» It is the learner that is mobile, rather than the technology.

* Learning is interwoven with other activities as part of everyday life.

* Leaning can generate as well as satisfy goals.

* The control and management of learning can be distributed.

- Context is constructed by learners through interaction.

* Mobile learning can both complement and conflict with formal education.
* Mobile learning raises deep ethical issues of privacy and ownership.

1) RN F—= T O E LTHITBHILTW D "Mobile learning can both
complement and conflict with formal education.” }=-2V T, 400 FFEEE CHERH L 72
X\,

2) AL S TORBEBERALEEE BRI AT L/, 800F
FREECHEA L7 Vv, X0l FIZERICHRE L TLW,



BEDITRERE £ 1M (Question AD

() 2V Ea—FVRTAORAEY —FREREE L 50RO THS.
i, RREREIRAVLRDEE TR~ X.

@) 1kFrvvart]—, 2RIy yaA®l—, PEEETRE BT
4 RY 2REBBD 4 L_APLRIEEBRE AT AR5 5.
72 e ARERMIINEIZ 1 ns, 10 ns, 70 ns, 1l ms T, 1&kFyyra=tvh
L 8s%, 2F ¥y v oty FRIT I EREOE v FPEIFT %L TD.
ZORERBL AT AOEET 7 AR RS k.

(3) 7 RLATy PU 7 BLIOEERALFROBANDFY v Va2 0BT X,



Question Al

(1) Memory sub-system in computer is usually organized hierarchically. Describe the

reason why the hierarchical organization is employed.

(2) Suppose we have a 4-1§ve1 hierarchically organized memory sub-system that
consists of a level-1 cache memory, a level-2 cache memory, a semiconductor main
storage, and a magnetic disk secondary storage. They have 1 ns, 10 ns, 70 ns, and 1
ms of access time, respectively. Assume the level-1 cache hit ratio is 85% and the
level-2 cache hit ratio is 90 % and the main storage hit ratio is 95%. Give average

access time of this memory sub-system.

(3) Classify cache mechanisms from the viewpoint of address mapping and writing

strategy.



BEMSITERY £ 27 (Question A2)

{l

Talo I IERIIBITAUTORMIER XK.

(1) e ASEEIZBITA2FRBEIF (tail recursion) & iX{dy, @RI
" L.

(2) UTDO7vnr7 7 shzdFFRle L.

int factorial{int n} {
if (n <= 1) {
return 1;
} else {

return n * factorial (n-1);



Question A2
Answer the following questions regarding programming languages.
(1) Briefly explain what “tail recursion” means in programming languages.
(2) Write a program equivalent to the following one without recursive calls.
int factorial({int n) {
if (n <=1} {
return 1;

} else {

return n * factorial{n-1);



BESITERY £30 (Question A3)
ZE7nEACBITHUTORBICEZ L.

(1) BES v ADEFTIZBVTT v Fu v 7 (deadlock) & X &5 W 5 k%
By on, MRICHEAYE L. '

A3-1
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Question A3
Answer the following questions regarding multi-process computing.

(1) Briefly explain the meaning of “deadlock” in multi-process computing.

¢
7 g

rk

- C
- .

Figure A3-1

Figure A3-1 shows the “dining philosophers problem”, where five philosophers
sitting at a table performing two things: eat or think. A fork is placed in between
philosophers.as shown in the picture. To start eating, each philosopher takes one fork
to his/her left and one fork to his/her right. Each philosopher repeats the following
process: |

Think

Take the left fork
Take the right fork
Eat

Put the left fork
Put the right fork

(2) Explain how the deadlock situation occurs in the problem above.

(3) Explain the method to avoid the deadlock situation in the problem above.



WESITIRERE F 4K (Question A4)
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Question A4
Answer the following questions regarding the transport protocol TCP in the Internet.

(1) Give another transport protocol than TCP used in the Internet. Briefly describe five
characteristics of TCP compared with the other transport protocol.

(2) The following equation approximates the characteristics of a TCP communication

in the Internet. x , @, b, and ¢ represent one of the quantities among packet size,

packet loss, bandwidth, and latency, respectively. Answer which quantity each of

them represents and briefly describe the ground for your answer. Note that & is a

constant,

‘= k-a
b-~e

(3) The Internet implements various transmission technologies at physical and link
layer that enable high-bandwidth communications. Give three examples of such
technologies and briefly explain them. Also answer the bandwidth of each
technology can achieve.

(4) Discuss the efficiency of TCP in the highest-bandwidth communication scenario
that one of the transmission technologies in the previous question could possibly

achieve.

If you think the current TCP is inefficient in such a scenario, explain the reason as

concrete as possible and describe what needs to be improved in the current TCP.
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(1) 44w POATIXO,X1,X2,X3 EASIY0, YL, Y2, Y3 B LhEE L, 41 By
R XY, XY, X=Y DHEHAEEAv S =Fa—F - arL—2 (@
XHELLEES) #EREME X, £, BE{ER % R®, AND 7°— b, 0R 7" — b, NOT
T— FERWTHEFEZEREE L. '

(2) (DOEEEIEL, TAOHINRLDE X1 Ey O DY, XY, X=Y & AN
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L— & &R X

(3) (2) CEEFL7-[EEE 7:" B 7= nﬁ:“y "D =Fa— Rl —

ZICBWTEFRBERMIZLE 5 R 0BET L.



Question A5

(1) Design a magnitude comparator that compares each 4-bit input X0, X1, X2, X3
with another 4-bit input YO, Y1, Y2, Y3, and that has each 1-bit decision output
X>Y |, X<Y, and X=Y. First, draw the truth table of this comparator, and then
design the logic circuit by using AND, OR and NOT gates.

(2) Enhance the mégnitude comparator of (1) so that we can extend comparison by 4

bits at a time by cascading 1-bit outputs X>Y, X<Y, and X=Y from another

comparator as inputs.

(3) Analyze the signal delay in the n-bit magnitude comparator cascading % number

-of comparators designed in (2).

A-10 o
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(1) EEF—% 13, BT 555V IREFCEERT b FRTHY,
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 IRBEBOT - IZOWTUTOMWCE Z L.

@) BFOMEEZEET SO, MHIOREL (ZHSER) OP T
BEERTIRENSS. MEREE - Tk 3 RENRFEE2OET,
Zh b DRI OV THRRICER R X

(b) BT —F 2oV TiL, ZOREKEER LT, R4 OMIEICS
T3 T ERTED. TN HISDOREDLTRE BRI OV TR, 2
N RE ORI BB 20T L.

(2) EZERFRORENREZRFETH KON T FORWIZE X L.

(a) HEEIMERRICER L Ciddke R HRKBEEN AV LN AR, BEIT X D 4R
WHHEOHE (FH) WELXBRAELD. ZOEZOREIIZ W THEIZ
S, ERBREBEAHOFEREZ2OET L.

(b) ZEHT —F ITETAEARNBRBETHD TR — ] IZ2WWT, HRTE
BINEREEMC, R, MERosME ), THEIC#H 7o)
OIROBBREHA LN HEBICHLE L. ,

(c) EBHEEHAIVIEIREEN (FEFr—ay) OEDICTHREZES HBE,
FIREOEMFED LT XIHES 5 XD LEZDNAERIZOVTIRS,
FIRE LT NERBFROB RGBT OV TERICEMmE &,
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Question A6

(1) Spatial data are information about or linked to places, and can be classified into

locational data and attribute data. Answer the following questions about these two

classes of data.

(2)

(b)

To identify the locations of places, one needs to describe them in a certain frame
of reference (or spatial reference system). Give two major methods of
identifying or describing locations, and briefly discuss their characteristics.
Attribute data can generally be classified into four types in terms of the level of
measurement. Name the four scales of measurement and describe their

characteristics. And give one concrete example of each scale.

(2) Answer the following questions about maps, a major method of presenting spatial

information.

(2)

(b)

(c)

In making maps, various kinds of map projections are used, and they necessarily
distort certain properties of the information about the Earth. Briefly explain the
reason for distortion, and give two major properties that are distorted in map
projections.

Concisely discuss the concept of scale, which is a fundamental concept for
spatial information, by explaining the relationship among the scale of a map
(representative fractions), the level of spatial detail, and a spatial extent (or area)
covered by a map.

When maps are used for spatial orientation or route navigation, describe factors
that méy affect the user's understanding of the maps, and concisely discuss good
methods or formats for presenting spatial information that are easy for the user

to use.
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Entrance Examination for Masters Program
in Interdisciplinary Information Sciences Course,

Graduate Sc_hool of Interdisciplinary Information Studies,

The University of Tokyo.
Academic Year 2009
(14:00-16:00, August 25, 2008)

Directions: Do not open this booklet before the examination begins.

~

10.
11.

Read the following instructions carefully.

This booklet is for the examinees in Interdisciplinary Information Sciences
Course, Graduate School of Interdisciplinary Information Studies.

This booklet includes 31 pages (T-1~T-12, L-1~L-7, ‘A-1~A-12) . Report -
missing, misplaced, and imperfect pages to the instructor.

This booklet includes a set of five questions (Question T1~TS5), a set of
six questions (Question L1~16) and a set of six questions (Question Al~
A6). Select any three questions from Question T1~T3, or two questions
from Question T1~TS and one question from others. Then, answer only
three questions you chose,

Each question is described both in Japanese and in English except for
Question L1~L6 (Japanese only) . Use the Japanese version primarily; the
English version is provided for the reference purpose only.

There are three 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 marked. 7

Write a question number and your examinee’s number in the designated
boxes located at the top of each answer sheet. The answer missing a
question number and/or an examinee’s number will not be considered
valid.

Use only black pencils (or black mechanical pencils).

Answer the questions in Japanese as a general rule, although you are also
allowed to answer in English.

_Do not Jeave the room until the examination is finished.

Do not take away this booklet, the answer sheets, and the scratch paper.
Write your examinee’s number and your name in the designated boxes
below. ' '
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