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NOTES

1. This is the Question Booklet in 33 pages including this front cover.

2. Do not open the booklet until you are instructed to start.

3. After the exam has started, check the number of pages and notify proctors (professors) immediately if you find
missing pages or unclear printings.

4. There are 14 questions, written in Japanese and English. The questions are classified as listed below. Choose and
answer 4 questions.

Bioinformatics (Question Numbers B-1 to B-2) Pages 1to 4
Psychology and Cognitive Neuroscience (Question Numbers P-1 to P-4) Pages 5to 12
Computer Science and Electrical and Electronic Engineering (Question Numbers T-1 to T-5)  Pages 13 to 24
Basic Mathematics (Question Numbers M-1 to M-3) Pages 25 to 32

5. Write your answer in Japanese or English, unless otherwise specified.
6. Read carefully the notes on the Answer Sheets as well.
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Master’s Specialized
Program Subjects

Question

Number B—1

[Bioinformatics]

Question is translated in English in the section below, this translation is given for reference only.

Q. Choose 8 terms from the following 10 terms related to bioinformatics, and explain each of

them in 4 — 10 lines. Figures can be used, if necessary.

Paralog

Smith-Waterman algorithm

Codon

Glycosylation

Gene Set Enrichment Analysis: GSEA
Protein domains

RNAseq

Metabolomic analysis

A S RN e

De novo protein structure prediction
shRNA (short hairpin RNA)
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DNA EFD/R A —2 2 RIET 27201, EX 0L EOEED DNA AL < v F§ B F
* LA CGTOERTSBHEOYFNORZ/RE— VTS EEZD. TTT, F(s,n)
BIRBE—UNFH s Y FTBEE n ODNAFFITNTOES LT 5. #Hlzi,

F(A*CGT,5) = {AACGT,ACCGT, AGCGT, ATCGT}
F(A*G*,3) = {AAG,ACG, AGG,ATG,AGA, AGC, AGT}
F(A*,2)NF(*T,2) = {AT}

WEALL, |F(A*CGT,5)| =4, |[F(A*G*,3)| =7, |F(A*,2) N F(*T,2)| =1 &7 %. =72
L, SNRIZEES L ROBES b)) ZRL, |S|EESESODEERHEXT.
DUFORMNCEA K. ¥, #i3,4,500FTNCHBNTE n i3 U EOBE L L, #i{k
NEREDOX T LAEVED LT 3.

B 1 F(A*T*C,4) DEERTATHZEE L.
B2 F(AT,4) N F(*C* 4) 0 F(*G*, 4) DEER T T &

&3 |F(A*T,n) N F(*C*n)| 2522 nIcET3REHE L L EITRL, BD, n=5
DIRFDOEZ KD XK.

R4 |[F(A* ) NF(*T* n)| 52 % n 1CHIT 28 HE L L BICRL, DD, n=5
DI DERRD X.

S |F(*A*CH n)| Z25Z 5 nicBTAHEHEBEE L BITRL, MDD, n=>5DEOE
KB &



Master’s  Specialized
Program Subjects

Question

[Bioinformatics] Number

B—2

Question is translated in English in the section below; this translation is given for reference only.

In order to represent patterns in DNA sequences, we consider pattern strings over an alphabet
{A,C,G,T,*}, where “*’ is a special letter that matches any string over {A,C,G,T} including the
empty string. Let F'(s,n) be the set of DNA sequences of length n that match a pattern string s.
For example, the following equalities hold:

F(A*CGT,5) = {AACGT,ACCGT,AGCGT, ATCGT},
F(A*G*,3) = {AAG,ACG,AGG,ATG,AGA, AGC, AGT},
F(A*,2) N F(*T,2) = {AT},

and thus we have [F'(A*CGT, 5)| = 4, |[F(A*G*,3)| = 7, and |F(A*,2) N F(*T,2)| = 1, where
S'M R denotes the intersection of sets S and R, and | S| denotes the number of elements in a set .
Answer the following questions. Note that in each of Q.3, Q.4, and Q.5, n is an integer no less
than 3, and that a mathematical formula must not be given as a recurrence relation.

Q.1 List all elements of F/(A*T*C, 4).
Q2 Listall elements of F'(A*T,4) N F'(*C*,4) N F(*G*,4).

Q.3 Describe a mathematical formula on n that gives | F'(A*T,n) N F(*C*,n)|, explain its
derivation, and compute its value for n = 5.

Q.4 Describe a mathematical formula on 7 that gives [F'(*A*, n) N F(*T*, )|, explain its
derivation, and compute its value for n = 5.

Q.5 Describe a mathematical formula on n that gives | F'(*A*C* n)|, explain its derivation, and
compute its value for n = 5.
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(1) BEHEAHIE (Complex cell)

(2) ANA 27 MY H—FH (Spike-triggered averaging)

(3) A= L —3 3 X7 Z— (Population vector)

(4) TD %% (TD learning; Temporal difference learning)

(5) %+ L—, (Delta rule)



Master’s Specialized [Psychology and Question
Program Subjects Cognitive Neuroscience] Number

P—1

Question is translated in English in the section below, this translation is given for reference only.

Q. Give a concise explanation of each of the following terms regarding neural information

processing. Mathematical expressions and/or figures can be used.

(1) Complex cell

(2) Spike-triggered averaging

(3) Population vector

(4) TD learning / Temporal difference learning

(5) Delta rule
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Figure 11%, »2 LEMBEERICKITS 1BITOREBRRA 7y P2 —LE R LT3,
£Y, BELIC3SOEFERERESND, FRMY (cue) BIETIE, F0IH0DERFEYDL
ORDEFEOEENR ER L=, D%, 50, 150, 550, 1000 msec DV NFFULas0D RIS
@ (interval) DDL, EHEOESL BMDOEFFHITENFIE (target) NETREI N5, EB
ZMEOREL, HHREFROESFBICEE L-ZEET, ENAEERELEZLEEL X
—EWT L Thotz, F—HLE TORINEER (reaction time) 23HAI S 7=,

Figure 213, A¥HROBEEZBEL-HIEE (FHE) ORERETHB, FRAMIAL

B (Ef) SEMAE (Bh) OHAEbEICHIT TRISEBR 2y hEh T35, #
#hE, FAY LENREOMORBERTH B,

R 1 A¥ROMBE-EEERZ SOV E2EETAZ LT, BEWICE L EERE
DWTERE X,

M2 Figure 2 1D Right-Right & Left-Right DiERZEE DE = &S, LY L.

RME3 ZORERNPSbDLYD, EEOI Y hu— TR T A EEITE-SETESE OMEE I U
TEER L,

presentatlon

Figures 1 and 2. Modified from Posner, Cohen,
& Rafal (1982). Philosophical Transactions of

the Royal Society B: Biological Sciences, 298,
187-198.

Figure 2. A result of the experiment.



Master’s  Specialized [Psychology and Cognitive Question
Program Subjects Neuroscience] Number

P—2

Question is translated in English in the section below; this translation is given for reference only.
Figure 1 shows the time sequence of a trial in a psychophysical experiment. Three squares
were presented on a display, followed by a cue stimulus, in which the luminance of the left or
right square increased. After 50, 150, 550 or 1000 msec of interval, a target was presented in the
left or right square. The task of participants was to press a key when they detect a target, while
fixating their eyes on the central square. The reaction time to key press was measured.
Figure 2 shows a result of a right-handed patient with a right parietal lesion. Reaction
times are plotted as a function of time interval between a cue and a target, separately for the cue

and target positions.

Q.1 Explain attentional deficits that are typically observed after brain lesions including the

right temporo-parietal region.

Q.2 Explain the results of the Right-Right and Left-Right conditions in Figure 2, in terms of

attentional functions.

Q.3 Discuss the function of the right temporo-parietal region in attentional control.

Figure 1. Time sequence of stimulus
presentation.

Figures 1 and 2. Modified from Posner,
Cohen, & Rafal (1982). Philosophical
Transactions of the Royal Society B:
Biological Sciences, 298, 187-198.

Figure 2. A result of the experiment.
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HDHEERT, Figue 1 DL I R2ODHEBEBRERNEE SNHELZ 2y MEITTRF L,
Z 2T, BIEZFE 1RIE(Stimulus 1), % 258 2 fli(Stimulus 2) & FEE, EBRBMNEIC
NTNOREFORE (FEELTIIEG) OEBEONKEZRDZ, ZDERTIE, Figurel 12
b5 X572 3EEDRMA, B, and ORI BTV iz, EBEEITE 2 M D BB TR G
fil(Reaction time) & FR& 2 (% Errors) Td 2 77,

RE 1 ZORBRO LI, FITTORBEPREORMOBMNEICEEL 5 X AR LM
& FEED,

FEM2 ZOXIRERE{TomE Z A Table l D XL 5 7 fER %157, Table 1 @ Condition
D (1), (2), 3)iX, = ZF4 Figurel @ Condition A, B, C OWTNITHEY T I 1E L I,

&M 3 Table 1 DFERZBMA I =X b DB AN HEAR L,

Table 1. Results of the experiment.

Figure 1 and Table 1. Modified from Tipper & Driver (1988).
Memory & Cognition, 16, 64-70.



Master’s Specialized [Psychology and Cognitive Question

Program Subjects Neuroscience] Number P—3

Question is translated in English in the section below; this translation is given for reference only.

Two sets of stimuli (Stimulus 1 and Stimulus 2) were successively presented in an
experimental trial (Figure 1). Each stimulus consisted of two overlapping words.
Participants were asked to read aloud the red word (printed in black in Figure 1) in
each stimulus. There were three conditions (A, B, and C) as shown in Figure 1.

Dependent variables were vocal reaction times to Stimulus 2 and their error rates.

Q.1  As this experiment shows, preceding stimuli can affect the cognitive processing of

subsequent stimuli. Provide the name of this effect.

Q.2 The results are shown in Table 1. Give the correspondence between Condition 1, 2, and
3 in Table 1 and Condition A, B, and C in Figure 1.

Q.3 Explain the results in Table 1 in terms of cognitive mechanism.

Figure 1 and Table 1. Modified from Tipper & Driver (1988).
Memory & Cognition, 16, 64-70.
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TRORMIEA L. LETHNETRZANTDS L.

1 b hOKFEHFABLIOEELROFREMLD A B =X AZONT, UTOELLT
FAWTEHAE L.

(1) SHEFRIR

(2) BlEERFR

(3) FE

ER 2 FERELED, OFELLLELTHAREINAIBEESMENI . T, ToE
LEVEFRERTAENRD F 3 OBRAL.

FE 3 BEEHOELEVOHBAIZONTIL, Fo2Z L NOBYEEERM LN TN,
T a BV OB LREE 5 0TS L EBHIT, FRFENOEBIZOWTEREY L.

11



Master’s  Specialized [Psychology and Cognitive Question

Program Subjects Neuroscience] Number P-4

Question is translated in English in the section below; this translation is given for reference only.

Answer the following questions. You may use figures if necessary.

Q.1 Describe the mechanisms of sound localization in humans for the horizontal and vertical
directions by using all of the following terms.

(1) External ear shape

(2) Arrival time

(3) Sound pressure

Q.2 Answer the name of the phenomenon of perceiving sounds as a chunk while

discriminating the sounds from others. Explain three cues that induce the chunking of sounds.

Q.3 In vision, perceptual grouping is often explained by the Gestalt principles. Explain five

Gestalt principles for visual grouping.

12
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=[50 1 e=l3

THRESNDEEBORV 2 TEFBERU, VAEZONEZETS. EL, AATAT7 7y b, HHT
NZrSy bbb, {ABY (RIEBORTZA B2EFEOLEEZBLTS) &L, 0<g<it¥5.

U(l{l

1 ZESNICRINZESTIDDREREFERED L I 2 b 0w, —RIZHAZR LR &,

XM 2 RS3DATI Ry 255 (x; € {ABL1 < i <3)DEFITHIZ-T, AAMALBBBEITEHBFEL LT
BATEL &, BIERUD L OHIIRS

v1y2ys (Vi €{AB}L1<i<3)
LIBERV 2B D H T3R5

212575 (2; € {A,B},1 < i < 3)
DEIEBIEICLD2EEFO Lavid, TRENEEITR LA S,

M3 R 21ICRVT, AMADHERESRZpL LIz b &, BEKULVICHTIRLESEIC L AEESE
W ORERZTNEIRDZRE N,

=M 4 BERUICBWT, BE3DATIFRIxx,x; (x; € {A,B},1 <i <3)DIEEITHT- T, AAAL BBB
TE2ReRe LTRBAKE L E, BELEREICLAEEEY REZL L THIT

P, <(@ (1 —q)*+q°(1—q)t5)3

THHILZFRLAREV. BV fEEN0<x< y<1L0<s<UTHLT, x< x1SyStpp b %
FIAH LTI

=5 BERBUICENT, EENOATRIx xy (x; € {AB}L1<i<N)DEREICHTZ-T, AV LBV
FEREEL LCGRAILLE, BEAERSIEIC L EBRY EEP, L THhiT

Pen = (2 q(1 - q))N

THHZ ALV, 22T, AVEBNIE, ZNFNANTALT 7y hA, AT LT 73> FBD
NEDOERZ L= TH 5.

13



Master’s  Specialized [Computer Science, Question
Program Subjects Electrical and Electronic Engineering] | Number

Question is translated in English in the section below; this translation is given for reference only.

T—1

Consider a couple of memoryless binary communication channels, characterized by channel matrices:

e PR R S

where the output alphabet is the same as the input alphabet {A, B} (let the first letter be A, and the second be B),
and 0 < g <3

Q.1 Explain, in general, how the maximum-likelihood decoding works to estimate a code word for the output from
a channel.

Q.2 Consider that only AAA and BBB are chosen as code words in transmitting x; x,%5 (x; € {A,B},1 < i < 3)
of length 3. Show how the maximum-likelihood decoding works to decode outputs

V1Y2ys (Vi €{AB},1<i<3)

from U and outputs
212,25 (z; € {A,B},1 < i < 3)

from V.

Q.3 Let p be the probability of AAA’s occurrence in the input in Q.2. Calculate the probabilities of decoding

errors in the maximum-likelihood decoding to decode outputs from U and V.

Q.4 Demonstrate that the error probability P, in decoding outputs using the maximum-likelihood decoding to

decode outputs from U is
Fo< (@1 -q)°+q°(1— )%,

provided that only AAA and BBB are employed as code words in transmitting x;x,%5 (x; € {A,B},1 <i < 3) of

length 3. You may use the property that x < x™5y° for 0 <x < y<1 and 0 <s < 1.

Q.5 Demonstrate that the error probability P,y in decoding outputs using the maximum-likelihood decoding to

decode outputs from U is
N
Pon < (a0 =a))

provided that only AV and B" are employed as code words in transmitting x; -+ xy (x; € {4, B},1 <i < N) of

length N. Notation: AN and B¥ stand for consecutive sequences of letters A and B of length N, respectively.

14
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EFERES 2() D7 =Y ZARY PV X () i, X(w) = Fla(t)] = [ a(t)ei®tdt T
Ezohz, ZIZTiBEHEM FlR7-VIEBEERL, 7Y nifHmE
FUX(W)] = & [2 X(w)eltdt £ T 3.

W1 7V RRT AP Po(w) LR BERREIES FlPy(w) 2RD L. A8,
Po(w) 1318 2Q 0 %EFEScH D, UTORTEZ6N3B.

Pg(w)z{l lw] < 0
0 |w| >0

B2 or() RAMIT O LR () =306t —nT) £F 3.

Flor(t)] = o35 ()

BRE, 22T, 014,

BLU

/_ O; 5(t)dt = 1

27T TCH B, B, BEDFER w iTNL,
Fledent] = [ ednteiotds — om§(w — wo) £ 2B T &% FT b B,

M3 ERKEES o) 2EEEBRET Ty TV VS LERE R 2.(t) = (t)or(t) £ F
5. Flo(D)] % X(w) b T 2FAVTHEY,
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Master’s  Specialized [Computer Science and Question

Program Subjects Electrical and Electronic Engineering] Number T—2

Question is translated in English in the section below, this translation is given for reference only.

The Fourier spectrum of a continuous-time signal z(t) is given by
X(w) = Flz(t)] = [ z(t)e™?¥dt, where j denotes the imaginary unit and F* ] denotes
Fourier transform. Let 71 [X (w)] = 5= [*7 X (w)e’“*dt be inverse Fourier transform.

Q.1  Find the continuous-time signal F~}[Pq(w)] corresponding to the Fourier spectrum
Pq(w), where Pq(w) denotes a rectangular function of width 2(2 and is given by

o) = 1 |w <,
0 |wl=>0Q.

Q.2 Letdr(t) be a comb function whose time period is T, o7 (t) = > o2 8(¢ — nT'). Show
that 5
T
.F[5T(t)] = _52762

2T
T

(@),

where §(t) is a function that satisfies

oo t=0,

0 t#0,

/. Z 5(t)dt = 1.

You may use Fe/*0] = [%° eiotemiwtdt = 276(w — wp) for any real number wy.

and

Q3  Letzg(t) = x(t)dr(t) be a continuous-time signal sampled from z(t) with a sampling
period T". Describe F|x4(t)] with X (w) and 7.

16
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FUMEEEZ 5. dRTDOANRNT MvEk z = 20 @) 2@)T e RE(T I38E), #
NICHIETBHA R y € R 5. AS 2 AN o 728 7 2% {(zi,v:) Yy ¥
U, TNEND (z4,4:), (6 = 1,2,...,n) ML A—DFIHES . 28, 7— X175

X =[z,T0,..., 2y ERPT DIV IR AdLTH.

BEETIL

flzyw)=w'x

FEZ,w=[w w® | wDT cRIZEFNATRA—Z LT B,

FE1D UToRz2WMxd @ 2FET — X 2AVWTET.

n

. o1
@ = argmin 5 Z(yi — flzsw))?

weR? =1

B2 HIiy AT 2 \CIROBEFREEH DT 5.
Yi :f(wiQw)'{‘ei; EiNN(O702)

ZZT N(p,o?) I3EE p, 8 o O 1 IRTOERDHTH S, w DLEBEREERL- L
T, TORLHEEEZRD X,

w3 UToRzeh-zd o %

W = argmin <% Zn(yz — [z w))* + %H'UJHQ>
63

weRd
BB, >0,(i=12,..,n) BROA>0B3EHLL, |- | Ea—2 )y FIVvaeT 5,
#i4 FRIETVOHS % ye {01} L,y=1DEEBEOHREF L%

1
1+ exp(—f(z; w))
ETE y=0DHEMEOHRET VEx b w2 HVTEY.

ply =1z, w) =

S5 FET-AOHEN%Ey, €{0,1},(i=1,2,...,n) £ T5. ZR4DHEEETIZB L
T, B RER L(w) D w iZET 2HEARTHETSZ L 2R,

= > (i - ply = 1]z w))a;
i=1

17



Master’s  Specialized [Computer Science and Question T—3
Program Subjects Electrical and Electronic Engineering] Number

Question is translated in English in the section below; this translation is given for reference only.

We consider prediction problems. Let x = [z, 2®) ... 2(@]T ¢ R4 be a d-dimensional input
vector (T denotes matrix transpose) and y € R be the corresponding output. We have paired
training data {(x;, ;) }I_;, where (;,v;), (i = 1,2,..., n) are independently and identically
distributed (i.i.d.). The rank of the data matrix X = [x1,®2,...,%,] € R*7 js d.

We employ a linear model:

fla;w) =w',

where w = [w w®, wD)T e R?is a model parameter.

Q.1 Derive W that satisfies the following equation using paired training data.

Q.2 Suppose that y; and x; have the following relationship:
yi = flesw)+ e, €~ N(0,07),

where N (i1, o%) is a one-dimensional normal distribution with mean 1 and variance o2, Derive
the likelihood function of w and obtain the maximum likelihood solution.

Q.3 Derive w that satisfies the following equation using paired training data.

_ NGRS A
w = argmin (5 Zri(yi - f(CcL, ’LU))Q + —||w||2) )
weRY i=1 2

where 7; > 0, (i = 1,2,...,n) and X > 0 are constants, and || - || is the Euclidean norm.

Q.4 Assume the output of a prediction model as y € {0, 1} and the probabilistic model of the
posterior probability of y = 1 as

1
ply = lz;w) = 14+ exp(—f(z;w))

Derive the probabilistic model of the posterior probability of y = 0 using x and w.

Q.5 Assume the output of paired training data as y; € {0, 1}, (i = 1,2,...,n). For the
probabilistic model in Q.4, show that the gradient of the log likelihood function L(w) with
respect to w is given as

ag(;u) - Z(% —ply = ey w))z;.

i=1

18
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1 LLTFoRWZEZ L.

(1) BZ=Ea BREERE, ERE EESE T8 An), gmlTB T, n—od L X
| gn) / fim) | W OIZPRT B & &, fimid gn) &V bERTRIRBEIM DN K E W &
WO UTOBEEO~0%, ERTEREMOB VR REWEICE~L. 270, %
HOEZ2 &5,

n! — 100 n'%°

logn

n

log n+(100/2")

100 sin®

n'%/logn

(n/100)— 100

(2) EARIIKREVREZFHOLENBEH LY bETE 2B M0E Rk E VB
EO~@DHF»baTEROHY. £z, TOEAZMMT L.

(3) EARTEL > 01Tkt T AHEEEEL 2 L 0 L ERERY 2N DB 3 = BEs R
EO~@DHFN b2 TROHYE. £z, TOEAZFMTZ L.

©e6 0006

(RDA—NZHE <)
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B2 TRROVeE—F ¥ — PRRTFREICEL T, BWEx L.

Input integers a, b

B!
Ll

) 4
yes

b=07?

Output a

End

(1) a=4,b=15 AN LCHEZZLEIBONIHHEEZ L.

(2) ZOFFHEEL, EEEOMAEANLIZL X IMEZHETELOTHAD, AHEH
J1 & ORIOERY 2 EAfR b X

(B) ZOFMEIHK LT, PAREBEOHEEZ AN LT ELTEHRAT v 7 TRTT5
DENEEZE. Fir, FOEBEATIL.

4) ATDD7ed L b—F0 0 £TBDEHR ThH-T-5E, PARBENRE. 3%
AR X
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Master’s Specialized [Computer Science and Question

Program Subjects Electrical and Electronic Engineering] Number T4

Question is translated in English in the section below; this translation is given for reference only.

Q.1 Answer the following questions.

(1) For two functions f(n) and g(n) whose domains and ranges are the set of natural numbers
and the set of real humbers, respectively, we say f{n) grows asymptotically faster than g(n)
if and only if | g(n) / fin) | converges to 0 as n—o0. Sort the following functions @, ..., ®
from the fastest to the slowest in terms of asymptotical growth. Note that the base of the
logarithm is 2.

O n!—100x

@ g losn

@ logn+(100/2")

@ 100 sin® n

® #'%/logn

® (n/100)-100

(2) List all the functions in the above @, ..., ® that grow asymptotically faster than any
polynomial function of any large degree, and explain why.

(3) List all the functions in the above @, ..., ® that grow asymptotically faster than the
exponential function 27 for any constant ¢ > 0, and explain why.

(continued on the next page)
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Q.2 Answer the questions on the procedure shown by the following flowchart.

Start

Input integers a, b

yes
b=07?
no
F<—q

b+«r

(1) Answer the output of this procedure for the input a =4, b = 15.

(2) What is calculated by this procedure if a pair of positive integers a and b is input? Answer
the arithmetic relation between the input and the output.

(3) Answer whether this procedure terminates in a finite number of steps for any pair of
positive integers, and explain why.

(4) Explain the behavior of this procedure if at least one of the input integers is less than or
equal to zero.

22
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FTEEONAS T T A BT T AL T ORMICE L L. ttLA4774/inw71
vF (IF), LYRZFHHL (RR), ALUBIME (ALV), T—& T Z7%&x (DA), LY RFE
TiIAZL RW) DEARAT—UhbiElRansd 15, £72 +§%i EOm—F (lw) &X T
(sw), Th&E (add), &l (beq) DAMBOHRERFL, THENOTELTVEBFLLTO
BERBLUEAT -V TET 2AEIERIIR 1 0B L45.

F1: 5O TOFABLIVEKREEAT =Y CET D MR (BT picoseconds)

ma |l B IF |RR | ALU [DA |RW
1w 1w $s1, 8($s2) $s1=A4F 1 [$s2+8] 200 | 100 | 200 | 200 | 100
sw sw $s1, 12($s2) | AEY[$s2+12]=$s1 200 | 100 | 200 | 200 | N/A
add add $s1, $s2, $s3 |$s1=$s2+$s3 200 | 100 | 200 | N/A | 100
beq beq $s1, $s2, L1 |if ($s1==$s2) goto L1|200 | 100 | 200 | N/A | N/A

REL T _XTOMTRLII Ry VA INVEETIE—F A 7 VOBEEL, 4754
AL L7EBE TN TNICEBIT 5, aeBOEHHEREREEHE L.

RE2 SATTAUVWMETIE, ROy 7 H A 7V TROGEEETTERN ST
TA AP —ROFEEL L THEE N — K, T—2 /A P— R, Sl P — FRmenTng,
FNEIUZDNWTAY — FOEREZ#3AE L.

3 H1DMAETELINY—RFEFRTIHELLT, A 754027 — V%
FEST AT =T 4 VT ENEIAA R T e IN AL RS TWE, FOES
AT AL LB, A TITA AT =R ED LD ITEAUT LV IR

FR4 H2IZRTHONECERBOa— R LE 3 OmeRERlR SNz 75, =L
T—=HEeTAEY RIZFEL, $tenbDF 7%y FTTF /A TEALT 3. W30
— RPN —=RERD, AT T4 B A =L EERNE DI ~AEZ L. =77 L%
MBDT74T =T 4 TN T T4 N o TND ERETHZ L.

add $s0, $t@, $t1 A =B + Ej w  $t1, o($te)
add $t2, $s@, $t3 C=B+F; Iw  $t2, 4($te)
d 1
1 - add $t3, $t1, $t2

sw o $t3, 12($te)
w  $t4, 8($t0)
add $t5, $t1, $t4
sw  $t5, 16($t0)

3
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Master’s Specialized [Computer Science and Question

Program Subjects Electrical and Electronic Engineering] Number T=5

Question is translated in English in the section below, this translation is given for reference only.

Answer the following questions about pipelining for computers. In what follows, the pipeline is
assumed to have five stages consisting of instruction fetch (IF), register read (RR), ALU operation
(ALU), data access (DA), and register write (RW). The computer is assumed to have only four

instructions: load word (1w), store word (sw), add (add), and branch (beq) as shown in Table 1.

Table 1: An example and meaning of each of the four instructions, and
the processing time of each of the five stages in picoseconds.

Instruction | Example Meaning IF |RR | ALU | DA |RW

1w lw $s1, 8($s2) $s1=MEMORY[$52+8] 200 | 100 | 200 | 200 | 100
Sw sw $s1, 12($s2) |MEMORY[$s2+12]=%s1 200 | 100 | 200 | 200 | N/A
add add $s1, $s2, $s3|$s1=$s2+$s3 200 | 100 | 200 | N/A | 100
beg beq $s1, $s2, L1|if ($si==$s2) goto L1|200 | 100 | 200 | N/A | N/A

Q.1 Compute the average time between instructions of a single-cycle implementation, in which all

instructions take one clock cycle, and that of a pipelined implementation.

Q.2 There are situations in pipelining when the next instruction cannot be executed in the following
clock cycle. These events are called hazards, and there are three different types: structural hazards,

data hazards, and control hazards. Explain why each of them occurs.

Q.3 The two instructions in Figure 1 cause a hazard. To solve the hazard, a method called forwarding
or bypassing that connects pipeline stages is known. Explain this method and show what pipeline

stages should be connected.

Q.4 Consider the code segment in C language in Figure 2, and its corresponding instructions in Figure
3, where all variables are in memory and are addressable as offsets from $18. Find hazards and reorder
the instructions to avoid any pipeline stalls. Assume that the forwarding in Q.3 is implemented in the

pipeline.

add $s6, $te, $ti1 A =B + E; Iw  $t1, o($te)

add $t2, $s0, $t3 C =B+ F; lw  $t2, 4($te)
dd t3, $ti, $t2

Figure 1 Figure 2 2 : # b

sw o $t3, 12(%te)
w  $t4, 8($t0)
add $t5, $t1, $t4
sw  $t5, 16($t0)

Figure 3
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(1) BHEH 2 =7rcosb, y=rsinf DY ILFTHB L FDFHRERD &.
(2) BRI DFERZRD &.

r= [[ e dsay, D={(5,9)| e +y? S R, R>0
D

(3) (2) D IIZTDWT, ROMWIREZE KD k.

lim 7

R—o0
(4) MOERDP D IDZ L 2 RE.
/ ¥ e gy = T
(5) MATEEING 2> 0 DEBD(z) IKOWT, T(1/2) Dk &.
[(z) = /Oootl"-le*t dt

&2 TROMIZEA L. EELU, 0 ARRRTERLNS. /-, cBREHRTHS.

!
1 a
(1) TPl ADEEMBEE BB~ MVvERd &.
(2) nZEEHRLTE. A" ZRd L.
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Master’s Specialized

Program Subjects [Basic Mathematics] Question M-—1

Number

Question 1s translated in English in the section below; this translation is given for reference only.

Q.1 Answer the following questions.

(1) Find the Jacobi matrix and its determinant of the transformation = =  cos ¥,

y =rsinf.

(2) Evaluate the following integral I.
= // e dgdy, D={(z,y) | 2> +y* <R}, R>0
D

(3) Find the following limit, where I is defined in (2).

lim [
R—o0

(4) Show that

o0 2
/ e dx = /7.

J —0C0

(5) Find the value of I'(1/2), where I'(z) is a function of z > 0 defined by

[s @]
I(z) = / et e
0

A:[a 1}’
1 a

where a is a real number. Answer the following questions.

Q.2 A matrix A is given by

(1) Find the eigenvalues and eigenvectors of matrix A.

(2) Let n be a positive integer. Find A™.
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TROT & Ty BEHEATH D, SEACESUBDNT NS, U= {ug,...,ur} &
V = {’01, .. .,UG} &i\ %/ﬁ.%’fh T1 8 T2 @]E,'f—i%/ﬁ\’(% D\ Ul & VU1 75\1:&‘(37)%0 P %0)%%
R DIERBEDIER 2 KA LaWARZIIEFEAR L VWS, HROHIR, EROFA, S
DEBRICELD Ty Z T "\EX T HRERENZEA 5, GH. HROHBRIBLIINC DA
ERIN, B v, THEERvZERRTZ &, v DR FEMAZ v, DFICES, 72, $5
v, DFE LT o ZEAT 30, v, DFEAESO—EIREN DFICE S, BAL
NEERZRICT ST LI TERY, INVVOBBRBEEDOTNIVEEESTS, 23T
& Ty WRIEFARDE, TS LT Tuy ZEIRRI Tug ZEIBR]. T5UVA c DTERE wg D
FhDug & uy DFEELTEA] LD, 3EOEEERET Ty Ty "EETES,

O 0
Aug f g
& @ @

FE1 Ty & Ty MEEFATH AR, LTO ) & Q) IKEZ X
(1) 2EIDRERET T 7 Th "NERT 288 %, 1EBECEICRRE X,
) 1 EORERIEEI TR T 2 Ty "B T2 VHEEZSIEE X,

R, wel,veV THBERT (u,v) DEET. ACERIPEEL THENAZVEDET Y
FUTEME, XvFVT MH HELFROBGREZHRET S i3, FED (u,v),
(W, v") e MIEH U, ul¥u DWEIETHBBETDEMD, v OEILTH BT L TH
%o (u,v) € MIZH U, uw & v BETCTNIVDRE f(u,v) =2 T, BRETVORE
flu,v)=1&0L. W(M) = > (uwyen f(w,v) CEET S,

w2 Ty & T, DMEIEFARTH AR, W(M)BERKERS TR FROBG] #5ET
BIRYFUT M %1 DmRE,

b/ AN DIZaN T4
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o DS & FROBRICEVE, o & o OFEGEFEN—RICRE S, BIZIE T D (ug,ue)
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K3 Ty & T WEFARTH SR, W(M) HNEARLES THEE e FHROBGR] ZHET 3
RYF VT M %3 DR, EREUVEED (u,v), (W,v) € MIZHU, u & o DL FH
DEERICAR L, v & o BEE FROBRICZVE, (u,u) DEGBEKRE. (v,0) DEEHE
RE—EHI2LDLT %,

R4 T E T DEFARTHEEE, AEDRERIET T % T "B T 2HEERE%Z 1
DEV., BT 2R 1 BECLICERE L, L. EFEARDOESDEIRICHNT,
HIBR ENEERUNDOERBEOEABEREIFEEE NS, FRECIBFADEROEAILBN
TH., BASHEEAUANOESAMOEAERIFEEI NS,

RES5 2DOORDBEANDBRTICIZZvF U ITDAEEZL D, FREFERICERIN
BEBDEIEFA T, T; i Uy T; 2 T ICER T 2 DICRBE i/ NOMRERIFEE D &
T, T; FAD< v F 2 JIC BT B8R0 W(M) OBFRZ. |T] & |T;| ZAVWTERTRY,
UG, T B ThEN T, T, DJERAEE T 5,
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Master’s  Specialized Question M—2
Program Subjects Number
Question is translated in English in the section below; this translation is given for reference only.

[Basic Mathematics]

Note that M-2 is written in two pages.

T and T in the following figure are rooted trees whose nodes are labeled. U = {u1, ..., ur}
and V = {v1,...,vs} are sets of nodes of 73 and T, respectively, and u; and v; are the roots. In
unordered trees, the order of nodes that have a common parent node is ignored. We consider edit
operation sequences that transform 77 to T3 by “deletion of a node,” “insertion of a node” and
“substitution of a label.” Deletion is defined only for non-root nodes. When a node v is deleted,
children of v become children of the parent of v. When v is inserted as a child of a node Up, SOME
children of v, become children of v. The inserted node cannot become the root. Substitution
changes the label of a node. For example, when 73 and T5 are unordered trees, we can transform
T3 to T3 in three edit operations on 17 that consist of “deletion of uy4,” “deletion of u3” and
“insertion of a node whose label is ¢ as a child of u; and as a parent of ug and u7.”

G 0
Au3 2' g
© @@ @ @ @

Q.1 Suppose that 77 and 75 are unordered trees. Answer the following (1) and (2).
(1) Draw each operation of a process that transforms 7 to 7% in two edit operations.

(2) Explain why 77 cannot be transformed to 75 in one edit operation.

Next, a set of pairs (u,v) withu € U, v € V is called a matching, if a node does not appear
multiple times. We say that a matching M preserves the “ancestor-descendant relation” if the
following holds. For any (u,v), (v/,v") € M, u is an ancestor of u’ if and only if v is an ancestor
of v'. For (u,v) € M, when u and v have the same label, we define f(u,v) = 2. When the labels
are different, we define f(u,v) = 1. We define W (M) = > (uw)em f(u;v) as the score of M.

Q.2 Suppose that 77 and T3 are unordered trees. Show a maximum score matching that
preserves the ancestor-descendant relation.

Continued to the next page
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In ordered trees, the order of nodes that have a common parent node is considered. For ordered
trees, when v and ' are not in the ancestor-descendant relation, the “left-to-right order” between
u and v’ is uniquely defined. For example, (ug,ug) is in (left,right)-order, and (us, u4) is in
(right, left)-order.

Q.3 Suppose that 77 and T3 are ordered trees. Show three maximum score matchings that
preserve the ancestor-descendant relation under the following conditions. For any (u, v),
(w/,v") € M, when u and v’ are not in the ancestor-descendant relation and v and v’ are not in
the ancestor-descendant relation, the left-to-right order of (u, u') matches the left-to-right order
of (v,v").

Q.4 Suppose that 77 and 75 are ordered trees. Choose one edit operation sequence that transforms
T3 to T3 in four edit operations, and draw each operation of the transformation process under the
following conditions. In a deletion operation on an ordered tree, the left-to-right order is preserved
for any node pair except for the deleted node. Similarly, in an insertion operation on an ordered
tree, the left-to-right order is preserved for any node pair except for the inserted node.

Q.5 We consider only the matchings that match the roots of two trees. For arbitrary unordered
trees T; and T defined similarly as above, show an equation using |7;| and |7}| that describes
the relation between the minimum number D of necessary edit operations that transform T; to T
and the maximum score W (A1) of a matching M between T; and Tj. Here, |T;| and |T}| are the
numbers of nodes of T; and T3, respectively.
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Master’s  Specialized [Computer Science and ' Question

Program Subjects Electrical and Electronic Engineering] Number M3

Question is translated in English in the section below; this translation is given for reference only.

Q. Let D(a, A) be the probability distribution whose probability density function is

a—1_—A\z .
Flara ) = r—(lajAaxa le=2z >0,
0, z <0,

(> 0,A>0).

where I'(c) is the gamma function, which satisfies I'(« + 1) = aI'(a) and I'(1) = 1. Suppose
that X1, ..., X;,(n > 3) are a random sample from the distribution D(1,\) and that

X = % 1 X, is the sample mean. Answer the following questions, showing your work.

(1) Derive the expectation £[X;] and variance V[X;] of X; (i = 1,.... n).
(2) Derive the maximum-likelihood estimator \ for the parameter A given X1, ..., X,,.

(3) Show that nX follows the distribution D(n, \). Hint: Moment-generating functions can be

utilized. Here, the moment-generating function of a random variable X is given by
]\«“fX (t) = E[etX].

(4) Show that 2AnX follows the chi-squared distribution y3, with 2n degrees of freedom.
Here, the chi-squared distribution X% with k degrees of freedom is given by the following
probability density function:

1 (i
gla:k) = § G

(5) Let x3,(p) be the upper 100p percentile of the distribution x2, . Derive the confidence
interval for the parameter A with a confidence level (confidence coefficient) c. Give your
answer using X, n, and X%n (p), where p should be replaced with an appropriate numerical
expression using c.
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NOTES

1. This is the Question Booklet in 19 pages including this front cover.

2. Do not open the booklet until you are instructed to start.

3. After the exam has started, check the number of pages and notify proctors (professors) immediately if you find
missing pages or unclear printings.

4. Questions are written in Japanese and English. The questions are classified as listed next page. Make sure to
answer the question in the application group which is your first-choice. Notify proctors (professors)
immediately if the question of your application group is not found.

5. Write your answer in Japanese or English, unless otherwise specified.

6. Read carefully the notes on the Answer Sheets as well.
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The Japanese version of this document is the prevailing and authoritative version;

the English translation below is provided for reference only

Application Groups: Research Fields

IST-1:

IST-2:

IST-3:

IST-4:

IST-5:

IST-6:
IST-7:

IST-8:

IST-9:

IST-10:

IST-11:

IST-12:

IST-13:

IST-14:

Neuroinformatics, Brain Decoding, Brain-Machine Interface, Brain Imaging, Computational
Neuroscience, Vision Science

Psychoinformatics, Higher Brain Function, Cognitive Neuropsychology, Cognitive Interface,
Neuromarketing, Cognitive Science

Cognitive Communication, Cognitive Neural Dynamics, Neural Informatics for Communication,
Multimodal Information Integration, Functional Brain Measurements

Computational Cognitive Neuroscience, Cognitive Neuroscience, Decision Making and
Reinforcement Learning, Neurocomputational Mechanism of Social Functions, Brain-based
Intelligence and Machine Learning, Human fMRI Experiments with Quantitative Methods
Computational Intelligence, Knowledge Discovery, Computational Learning Theory, Optimization
for Machine Learning

Collective Intelligence, Machine Learning, Data Mining, Human Computation ;
Conversational Informatics, Artificial Intelligence, Interaction, Visual Computation, Cognitive
Design

Language Media Processing, Language Information Processing, Language Analysis, Language
Synthesis, Machine Translation, Information Retrieval

Speech and Audio Processing, Speech Recognition and Understanding, Music Information
Processing, Human Robot Interaction, Statistical Signal Processing and Pattern Recognition
Visual Information Processing, Image Media, Computer Vision

Video Media, Human Behavior Analysis, 3D Modeling, Real-world Computing

Network Media, the Internet, Information Security, Algorithm, Computational Complexity

Media Archiving Research, Language Understanding, Language Generation, Language Knowledge
Acquisition, Verbalizing for Thought and Understanding, Symbol Grounding

Biological Information Networks, Bioinformatics, Mathematical and Computational Biology,

Complex Networks
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Master’s Area-Specific Question

Program Basic Questions Number IST—1

Question is translated in English in the section below, this translation is given for reference only.

Q. Discuss the similarities and differences between the learning in deep neural networks and

the learning in the nervous system.
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Master’s Area-Specific Question

Program Basic Questions Number IST—2

Question is translated in English in the section below, this translation is given for reference only.

Q. Explain frontal lobe functions of the human brain by describing representative

psychological experiments and their results. Use figures, if necessary.
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UToORMIIEALL. BETHUERZHANTH L.

2R3 1 EEG & MEG OFHIEHZ R~ L.

M2 EEG & MEG O FRHEEEIZBITAMER ZIm -~ XK.

Master’s Area-Specific Question

Program Basic Questions Number IST—3

Question is translated in English in the section below, this translation is given for reference only.

Answer the following questions. You may use figures if necessary.

Q.1 Describe the measurement principles of EEG and MEG.

Q.2 Describe the problems in source estimation in EEG and MEG.
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Master’s Area-Specific Question
Program Basic Questions Number

IST—4

Question is translated in English in the section below, this translation is given for reference only.

Q. Choose and answer one out of the three questions, IST-1, IST-2, and IST-3, in this booklet.

When doing so, write “IST-4” in the “Question Number” field of your answer sheet.
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Master’s Area-Specific Question IST — 5
Program Basic Questions Number B

Question is translated in English in the section below: this translation is given for reference only.

Q.1 Let G =(V, W, E) be a bipartite graph, where V' and W be two disjoint
non-empty sets of vertices and £ C V x W be a set of edges. For every subset A CV

and every subset B C W, we define

{weW|(v,w) € Eforallve A}, and
{veV|(v,w) € E for all w € B}.

S
5 =
I

Answer the following questions.

1. Prove that, for any subsets A; and Ay CV, f(A2) C f(A4;) if A; C As.
2. Prove that A C g(f(A)) for any subset A C V.
3. Prove that f(A) = f(g(f(A))) for any subset A C V.

Q.2  Answer the following questions.

1. Let £* be the set of all finite sequences consisting of symbols a and b, including an
empty sequence. Show that X* is a countable set. For a subset § C X%, explain the

difference of the following two cases:
e S is a recursively enumerable set, and
e S Is a recursive set.

2. Assume a finite set D consisting of vectors in R", where R is the set of real numbers

and n is a positive integer. Explain how to hierarchically cluster the data in D7
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Master’s Area-Specific Question

Program Basic Questions Number IST—6

Question is translated in English in the section below; this translation is given for reference only.

Suppose we have n items {1,2,...,n}, where item i € {1,2,...,n} has a real-valued parameter
;. When two items [ and j are compared, item iis selected with probability p;; that is
defined as

_ exp(0;)
~exp(8) +exp(6))

Dij

Suppose we made comparisons for different pairs of items i and j. ¢;; denotes the number of
times item [ was selected in the comparisons between items i and j. We assume the comparisons

are independent of each other.

Q.1  Give the log-likelihood function for parameters 64, 6,, ..., 6,,.

Q.2 Give the maximum likelihood estimates of 0, and 65 when n = 3,¢;, = 1,¢5; = 3,

Cr3 = 2, C3p = 4. and 82 = 0.

Q.3 Explain how to estimate the parameters when the comparison results are sequentially

given one by one.

Q.4 Give a real-world application of the model. The answer must include concrete definitions

of what the items and the parameters indicate and what the criterion of the comparisons is.
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Master’s Area-Specific Question IST—7
Program Basic Questions Number

Question is translated in English in the section below, this translation is given for reference only.

Q. Explain how we can design an intelligent system that can exhibit proper behaviors under

uncertainty, using a concrete example.
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Master’s Area-Specific Question IST — 8
Program Basic Questions Number

Question is translated in English in the section below; this translation is given for reference only.

Q. Explain each of the following terms in about 150 Japanese characters or about 100 English

words.
1. Context free grammar
2. CKY algorithm
3. Viterbi algorithm
4. k-means clustering

5. Vector space model

10
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Master’s

Area-Specific
Program

Basic Questions

Question .
Number IST=9

Question is translated in English in the section below, this translation is given for reference only.

Time-sequential modeling is an important problem in speech and audio (including music) processing
Answer the following questions.

Q.1

Describe methods for modeling speech and/or audio based on Markov models. Explain

signal-level modeling (acoustic modeling) and symbol-level modeling (language modeling).

Q.2 Describe methods for modeling speech and/or audio based on recurrent neural networks.

Q.3 Compare the approaches in Q.1 and Q.2, and describe their advantages and disadvantages.

11



etz SHEMEE | HEES | 410 |

BT 1 AR TONIBEDONFEEEE A WTHEREZEREL 72— d 5 WITERRR O E &SRS
5, BT () & Q) FNFN2EETHFER2 207D (BEF4D) BT L. By
2o Tk, BREHZAY, BREBITIREZERLZI AT, TORBLFIELEE,
INFNOFEOEFRFEERE2HEY L. TNFThOFERIILELBREINTWALELDH
ZEAFZFNEHDTE L.

(1) Wk RMAIR

Q) Pk orE

WET) BRI D (1) 55V Q) REET BEIIE W TREADEEZ 2T, ks
Ze k.

Master’s Area-Specific Question

Program Basic Questions Number IST — 10

Question is translated in English in the section below; this translation is given for reference only.

Q.1 Explain two methods to estimate each of the following two quantities of an object (i.e., four
methods in total) from one or more images captured with optical instruments including cameras
and light sources. By using appropriate equations and figures, the explanations should clarify the
image capture process and the underlying assumptions of each method, and must layout the
algorithmic procedures and their theoretical underpinnings. For each quantity, also discuss and
compare the advantages and disadvantages of the two methods. If there are widely accepted
names given to the methods you discuss, explicitly mention them.

(1) 3D geometry of an object

(2)  Object category

Q.2 Explain unsolved problems when estimating either of the two quantities listed in Q.1 and
propose possible solutions.

12
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Master’s Area-Specific Question

Program Basic Questions Number IST—11

Question is translated in English in the section below; this translation is given for reference only.

Explain the following four items by using figures and mathematical expressions.
Support vector machine
Neural network for multi-class classification and its learning method
Line detection by Hough transform

Image restoration in frequency domain

13
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(1) IPv6 (IP version 6)

(2) UTP (Unshielded Twisted Pair)

(3) BEEEMH|{E (congestion control)

(4) BGP (Border Gateway Protocol)
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Master’s Area-Specific Question
Program Basic Questions Number

IST—12

Question is translated in English in the section below; this translation is given for reference only.

Q.1  Explain each of the following terms briefly.
(1) IPv6 (IP version 6)

(2) UTP (Unshielded Twisted Pair)

(3) Congestion control

(4) BGP (Border Gateway Protocol)

Q.2 Answer the following questions on transport layer protocols in TCP/IP.
(1) Explain the difference of TCP and UDP.
(2) Show an application layer protocol that utilizes UDP, and explain why UDP is better than

TCP for implementing the protocol.

14
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Master’s Area-Specific Question IST — 13
Basic Questions Number

Program
Question is translated in English in the section below; this translation is given for reference only.

Q. For each of the following tasks of natural language processing, give examples of the

input and the output, then describe a solution based on machine learning and its

evaluation measure.
(1) Part-of-speech tagging
(2) Named entity recognition

(3) Dependency analysis

15
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Master’s Area-Specific Question IST — 14
Program Basic Questions Number

Question is translated in English in the section below; this translation is given for reference only.

Q.1 In bioinformatics, various mathematical models are utilized. Describe two of these models.
In addition, for each of these two models, describe a task for which the model is utilized.

Q.2 For each of the two tasks you answered in Q.1, discuss the advantage(s) and
disadvantage(s) of the corresponding model and how to overcome the disadvantage(s).

16



	ist-exam-2018Aug-specialized.pdf
	ist-exam-2018Aug-areaspecific.pdf



