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SEmEHFRE H 1M (Question T1)

HDHKBZEHDODAT v TICRBT DMy & wlIZDOHIOK-1EFEHD AT v
TOM Y1 & EHAVWT, X(TI-D)O LXHicRTEnTED,
Yi\ _ [0.8 0.3](YVk-1
(z) =loz o7l ) (T1-1)
T KITEDEKE TS,

LT ORI E 2 &

0.8 0.3

(1) 4751 A= [02 0

] OEAMH A, &4, #RKDE, 22T, 4, >4T
H 5,

Q) EAXZ bATH] S &R D L,
(3) 174 A LEAXY FLITH] S Ik L TSTTAS = [0 A]@E‘Qﬁ’%iﬁi
2
DAL>Z & ZREHH &,
(4) A% &R D L,

(5) k> 0D FFD y & 2k Z HIIE yo & 2o Z W THRYE,
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Question T1

The variables yx and zi at the kth step are described as equation (T1-1) using

the variables yx.; and zy_;at the previous k-1th step

(yk) _ 108 0.3 (yk—l)

zi) 102 0.70\2k—1 (T1-1)

where Kk is a positive integer.

Answer the following questions.

(1) Obtain the eigenvalues A; and A, of the matrix A = [82 33 ,

where A; > A4,.

(2) Obtain the eigenvector matrix S.

(3) Prove that S71AS = [O A] can be derived for the matrix A and the
2

eigenvector matrix S.
(4) Obtain AF.

(5) Describe yx and zx at k — o using the initial values yo and 2.
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R BERT % 2 M (Question T2)

PUF T, P, QlImEEimE ComBEL . R, SidmEmiEzE£bL, AL
V., =, E, EFENGEEME, R, 58, AR T L0 LT D, £,
MERPETO—O DR & 1%, b TV A MER T DT X TIZENMED NS
NEEPY T D% W9, nlOMBERL S MEDILTWDEEIZIE, 2"H O
W35, wmEXIL, 2O RTXTOMROL ETELERDEE, 20
FFIZIR-> T, HETHD LW, o, wmEliE, 20X 5 R T X TOMRD
HETHERDEE, ETFORFIIRB- T, BETHLE WD, HOHEIROL &
ThHhHMBEANE L 72D, £z, ZORFZRE- T, ZOMRITE OB %
FRETDHEND, WOKMIZEZ K,

(1) kOB{ERXEENENEER, 5, TONWTNTHRWISEL, oMb %

hs

(a) —(—P) —P

(b) P — (PAQ)

() P — (PVQ)

(d) —P — (PAQ)
(e) P—Q) — (Q—P)
) P — —P

(8) —P— P

() WHA S EFRT 5T TOMRBHIEX R £HRTH L&, £, 2O
FECIRD | R STHIER S ORMILINIKS Th 5 L1 5, ROZATROEHD
EEZ S EADIM E L bITE~ K.

(a) R2YS Oy CHATLT, RVSIIHEETH D,
(b) R 2% S OB CHITLT, —SVRIFERTH D,
() R72% S OFHEAYFHE CHIITLT, —RASIHERTH S,

(3) REIQNZ 5 2 T-fmBIRRE DO EFR L - T, X S B RA (R—S) D
FIFRECTH D 2 L ZFFAE X,
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Question T2

In the following, P and Q are propositional symbols in propositional logic, while R and
S are propositional formulas. /\,V,— and —are logical connectives of conjunction,
disjunction, implication and negation, respectively. An interpretation in propositional
logic is an assignment in which either T (true) or F (false) is assigned to all of the
propositional symbols used in the logic. There are 2" interpretations when n
propositional symbols appear in the logic. A formula is “valid”, if and only if it is T
(true) under all the interpretations. A formula is “inconsistent”, if and only if it is F
(false) under all the interpretations. An interpretation satisfies a formula R, if and only if
the formula is T under the interpretation.

Answer the following questions.

(1) Classify each of the following formulas into V (valid), | (inconsistent), and N

(neither valid nor inconsistent) with brief explanation.

(a) —(—P) —P

(b) P = (PAQ)

(c) P — (PVQ)

(d) —P — (PAQ)
(e) (P=Q) = (Q—P)
® P— —P

(2 —P— P

(2) R is called a logical consequence of S, if and only if all the interpretations which
satisfy S also satisfy R. Give your judgment as to whether the following

statements are correct or wrong, with brief explanation.
(a) Whenever R is a logical consequence of S, RV S is valid.
(b) Whenever R is a logical consequence of S, —S /R is valid.

(c) Whenever R is a logical consequence of S, —R/\S is inconsistent.

(3) Using the definition of logical consequence given in question (2), prove that S is a

logical consequence of R/\ (R—S).
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EmRBERE & 3 M (Question T3)

1) HFICLTHZIZAD2EAFT—FEDGFEEICR > TWVWDLH, 2T ED
Lo boT, MICHBENTWS D, 100 XFRE THAE L.

(2) LFORWIZE %2 &,
(@) Eax@ONX(T3-DNDO XL H2IX(HrHWTERIND E X, X(HE
x(t) »HEL XEFLE, 2L, jITEEKBEMTH D,

x(®) =[O X(f) e/t df (T3-1)

(b) x.(—t) = x.(t) DALY SLOBIEx () &, x,(—t) = —x,(t) 2pK D 3L
S x, (O, ThENMEREINDINEZL L, £, T3-1
DfEFx(®) %, x(t) =x,(t) +x,(O)DFIZ 3 BE L T, x.(t) & x, ()%
Th TN E X,

x(2)

| p
-2

T3-1

(c) EREDFE Trx.() L xRN FERBRE DO L X, TN ENITHIRT D
X.(NHNEX,(HIE, X272 sn, R(T3-2)DA A T —D AKX
RV TR X,

e/ = cos@ + j sind (T3-2)
J

(3) L F OV Iz & 2 X,
(a) FHANE Bx. ()0 B BB %e,@E, ABIES AHT) x,0
OB B R e, (DD E 3 & TR
(b) BT, /<L AU, FRIEAD 8 57 <0 251 0 [ 2 e B BB %
R X
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Question T3

(1) The mosquito sound which only younger people can perceive is a topic
in the news. Explain what it is, and how it can be used in about 30 words.

(2) Answer the following questions.

(a) When a signal x(t) is represented in equation (T3-1) using X(f),
describe an equation which derives X(f) from x(t). Note that j is
the imaginary unit.

x(®) = [2,X(f) 2t df (T3-1)

(b) Consider functions x.(t) and x,(t) which satisfy x,(—t) = x,(t)
and x,(—t) = —x,(t). What are the names of these functions?
Consider a signal x(t) illustrated in Figure T3-1. Draw the
separated signals x.(t) and x,(t) where x(t) = x.(t) + x,(t).

x(1)
: 2
-1 /
-2
Figure T3-1

(c) When x.(t) and x,(t) are real functions, explain the characteristics
of the corresponding X.(f) and X,(f) in above discussion using
Euler’s formula as shown in equation (T3-2).

e/% = cosf + j sind (T3-2)

(3) Answer the following questions.
(a) Describe the definition of autocorrelation functions ¢,(r) and
@, (t) of arandom signal x.(t) and a periodical signal (period T)
x,(t), respectively.
(b) Draw the autocorrelation function of a periodical square pulse
sequence whose period is T, pulse width is t, and amplitude is A.
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FimRBLERY ZH 4R (Question T4)

X T4-1IRT L D2, HEr TETTH2HEIFEAICEIET 2L ) ICHEEB
AT S5 2B XD, HEIBIIAEGIZES, B L2nb0 e T 5,
HEhf B OE&EZ m, BE) iz f, dEZ v ET 5, 2B, KltFHERED S
A YOEFEITEATE2b0L L, FAHHEIERLEEBELTI, B, he
WEITANZEET D,

r «— A vV — B

f

S SS
X T4-1

HEIE A L BEE B OFAXHEELZ 7 4 — KNy 7 LT, HEIE B OBFEY /) %
RODHZEIWZT D, Thbb, 7Z4—KRXv 754 kEHAWT, BREN) i3
(T4- DD L HIZRbINDH ET D,

f =k(r-v) (T4-1)

(1) EBYE B OES) AR L,

() EHEr b vETDT T I RAERDREREE KD L, i, 777 XA
fEs EHE L,

(3) Z DHIHRNLEI 2 D K2 KD I,
UUTORBETIE, fIERITIZELTND EEX L,

(4) 1B L72dREE NS, 28R, HENH A 2 — W V TEIT S, Z O,
ZOHIFENZ XY . EHHIC, HEE B IXHEIE A S [EUEE V TEBRELT
EATTAH LI ERE L bIcEx L,

(5) HENH A OBEE r N —7E TiE/e <. A(T4ITRT L 5 RIREI Y 23 AT
WHbLDOET D, ZITC, aldRERI OIRIE, rol3EEK. TR, o3k
Bl oy DA IREE Z £ T,

r=r, +asin(wt) (T4-2)

EFIRAECO BB B O EOIREN /> OIRMIE b 23R L, I 512, HEE
A L HEE B OB E DRSO KE & 2 ies X, 7ok, BBV R I3
LN D ET 5,
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Question T4

Car A travels at the speed of r, and car B is controlled to follow car A as shown in
Figure T4-1. Cars A and B go to the left and do not turn. The symbols m, f and v
represent the mass, the driving force and the speed of car B, respectively. The force f
and the velocity v are positive when they toward to the left. Neglect friction forces
between the tires and the road surface and treat the cars as particles.

r «— A vV — B

ST
Figure T4-1

The driving force f of Car B is obtained by a controller which takes the relative velocity
between Car A and Car B as its input. Then the driving force is written as

f=k(r-v), (T4-1)

where k is feedback gain.
(1) Find the equation of motion of Car B.
(2) Find the transfer function from r to v. Use s for Laplace operator.
(3) Find the condition to stabilize the control system.
Consider the control system is stable in the following questions.

(4) Car A in a state of rest suddenly starts travelling at the speed of V. Answer if Car B
can follow Car A at the speed of V finally with the feedback controller, with brief
explanation.

(5) Assume the speed of Car A is not constant but includes fluctuation, as shown:
r=r, +asin(mt), (T4-2)

where a is amplitude of the fluctuation, ry is constant, t is time, @ is angular
frequency of the fluctuation.

Find out the amplitude of the fluctuation included in the speed of Car B in steady
state, which is represented by b. Then compare the amplitude b with a. Assume the
cars do not collide with each other.
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B BE#RT F5M  (Question T5)

R O EOATON Y AR, FEMREFET 5, UTFOMOCE L

J:o

(1) BEEFEFESIZHLOH 5 R O LD

(2)

3)

(4)

(5)

(6)

(7)

(8)

(9)

PaEx5, M P OESEE, X dliioHl
S 7z @radian] & R # W TRBLE
J:o

AP % X Wi Dl o 72 LR S TR
J:o

P COEHONRT MLV EERE X,
P TCOMEOMEAERD KL,
EAAOHZIT N S5,

A0 AR ESEE RO ERE R~ L,

Y
p
R S
0
/ X

[X] T5-1

PR, B HOMABROMAE TO, KL H/NERITIN< B2y, 725,
DI #Fim T, MROG 51X, O TOER EMBT MLRFE—DOH

HGxiEE L, WoLRGERA LT 5,

P& R DER EOA 7 AMEERD L,

R OB EOTEI R E R D X,
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Problem T5

Calculate the Gaussian curvature and the mean curvature at a point on the sphere, of
which radius is R. Answer the following questions.

1)

(2)

3)

(4)

(5)

(6)

(7)

(8)

(9)

Let us consider a point P, on the circle, of which
center is located at the origin of the coordinate

Y
system, and of which radius is R. Describe the P
coordinates of a point using the radius and the R ) S
center angle from the X axis, @[radian]. J X

Describe the coordinates of the point P, using the
arc length S. Here, S is the arc length between P
and the X axis.

Figure T5-1

Determine the tangential vector at P.

Determine the curvature at P.

Determine the curvature at a point on a straight line.

Describe the definition of the Gaussian curvature and the mean curvature.
Determine the maximum and minimum curvature at a point on the side surface of a
cylinder, of which height is H and of which radius is R. In the following discussions,
the signature of the curvature is defined as the positive when the curvature vector
and the surface normal have the same direction, and done as the negative,
otherwise.

Determine the Gaussian curvature of a point on the sphere, of which radius is R.

Determine the mean curvature of a point on the sphere.
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BEDTEHRT E2M (Question A2)

BDEEIZ3AKDEA, B, Cdb 5, A@% N DI DZE - [ DSE 12 5 31T
W5, MEEORKREZIFITRTELD, P2 IZEREL Z>oT0w5, 22T, M
DEFHE T LS \lﬁ\zﬁ\m\Nﬁaﬁ%o

A
C

Ao
R, ADRBIZH 5 NIOMEE . ROBANHE->TBOBICB#T5Z ¢ TH 5,
FHATT © 1RNC 1 DML 22B8 L TldZz 5 72\,

FAI2 HICT OB EoMEEL D REL BT RS 2w,
BAIS : FEIX 3ARDE A, B, C UAITEWLTIZWIT R,

(1) HBEOBBBNDLEE, BBADPSHEBNNKOMBELBE T2 FHEZ 1§ 2
PRI 7L Y AL %2 TR,

(2 (DTN ITYVALENZGFELTCERTHEELLTU T T L%2RYE,

(3) (V) D7NTY AL THA D SHBEBNNKOMEZBE)T 5 7201005
B/NRO OB ENRE M(N) 23K L, £/, M(10) Z5HEE K,

(4) UTOHRIFETH L 27> TWw5 CEEDO 0T 7 L% FIFNECHL %
ibnw7a 77 AEBE L, 22T, SOWTIE LM ED return X% & &
B F O L 217 WD TH 5,

void F(int x, int y) {
int a, b;
R
F(a, b);
return;
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Question A2

Consider three rods A, B, and C, and N disks of different diameters that may slide
onto any rod. As shown in the figure below, rod A has all the disks in ascending order
of diameter. The disks are numbered from top to bottom as No.1, No.2,..., and No.N.

Suppose moving N disks from rod A to rod B observing the following rules.
Rule 1: Only one disk may move at a time.

Rule 2: Disks must be stacked in ascending order of diameter.

Rule 3: Disks must stay on either of three rods, A, B, and C.

(1) Describe a recursive algorithm for moving N disks from rod A to rod B.
(2) Implement the algorithm in (1) as a function of N in C language.

(3) Using the algorithm in (1), obtain the minimum number of moves, M(N), for
transferring all the N disks from rod A to B. Also calculate M(10).

(4) Transform the following recursive program in C language into a program without
a recursive call. Here, the part S includes one or more “return” sentences and
does not call function F.

void F(int x, int y) {
int a, b;
... S ...
F(a, b);
return;
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BEPITEIRE £ 4 (Question A4)
(1) D AAMBUEE§ 2 LN DFIGIZE 2 X

(a) S0 AAMIE 13 ED & 9 HRAHPFHE X,
(b) 7N —F v EEDALZDOUIIL, ED X I R TRE 2 HHE X,
(2) AT T4 N —FICBT 2 TOMGICEZ L, CEHETHIDa—Fza

YRAN LT E 2 AR 2D X REEWERICENS iz, ZED A 'Y v v 713K

32 K,

(a) CPUDSZ DHMGEER 34 794 VAL TR AEAIC, EDX )AL T
FTAUYNF—=F23H D 9 353 K,

(b) EELDAA T F7A4 vy — F2bliiEd 272012, X2 OEEz2 —5EIE
L7 BERGE % Bl , Z OB%, % ZDONY — PO TE 2 03l X,

A =B+ C;
D =3B + E;
K1 :CERBIKLBHEHEI—R

LOAD R1 S0(4)

LOAD R2 S0(8)

ADD R3 R1 R2

STORE S0(0) R3

LOAD R2 S0(16)
ADD R3 R1 R2

STORE S0(12) R3
K2 :E1od—KFZz#8RLUEMI—FK

.

SO (ADR) : (SO LY A¥ Dfi+ ADR) HHDO T FL A% FET,

LOAD AB : XEYBDT—F¥ZLTAFAIZB—FT3,

STORE AB LY ARIBDT—FZAEYAICALTT 5,

ADD ABC :LYRIBDT—FELPRAYCDT—F %2R LTLYARY
A KNS B,

SO

A A A A
B B B B
C C C C
D D D D

K3 : EHOAEIYYT
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Question A4

(1) Answer the following questions on interrupt processing.

(a) Define interrupt processing.
(b) Explain the difference between interrupt processing and subroutine.
(2) Answer the following questions regarding pipeline hazard. The code in C lan-

guage shown in Figure 1 is compiled into machine language as shown in Figure
2. Refer to Figure 3 for the memory map.

(a) Explain pipeline hazards that may occur in the pipeline processing of the
machine language code in CPU.

(b) To avoid the above pipeline hazard, how can we modify the machine lan-
guage code of Figure 27 Explain why the modified code can avoid the

hazard.
A =B+ C;
D =B +E;

Figure 1: The source code in C language

LOAD R1 S0(4)
LOAD R2 S0(8)
ADD R3 R1 R2
STORE S0(0) R3
LOAD R2 S0(16)
ADD R3 R1 R2

STORE S0(12) R3
Figure 2: The machine language code compiled from the code

shown in Figure 1
Note: SO (ADR) means the address of “S0 register value + ADR”
LOAD A B : load the value of memory B into register A.

STORE A B : store the value of register B into memory A.
ADD A B C : store the sum of data B and data C into register A.

SO

A A A A
B B B B
C C C C
D D D D

E E E E

Figure 3: The memory map of the variables
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Entrance Examination for Masters Program
in Emerging Design and Informatics Course,

Graduate School of Interdisciplinary Information Studies,

The University of Tokyo.
Academic Year 2011
(14:00-16:00, August 23, 2010)

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

~

10.
11.

Read the following instructions carefully.

This booklet is for the examinees in Emerging Design and Informatics
Course, Graduate School of Interdisciplinary Information Studies.

This booklet includes 14 pages (T-1~T-10, A-1~A-4) . Report missing,
misplaced, and imperfect pages to the instructor.

This booklet includes a set of five questions (Question T1+T5), and a set
of two questions (Question A2 and A4). Select any three gquestions from
Question T1-T5, or two questions from Question T1~T5 and one
question from A2 and A4. Then, answer only three questions you chose.
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 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 considered valid.

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 leave 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.

Examinee’s Number

Name
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