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NOTES
1. This is the Question Booklet in 9 pages including this front cover.
2. Do not open the booklet until you are instructed to start.
3. After the examination 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. Answer all the questions.
F1-1, F1-2 Linear Algebra, Calculus «+rorevrreeenes Pages 1 to 4
F2-1, F2-2 Algorithms and Data Structures ~-+---+--+-+ Pages5to §
S. 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  Fundamentals Question

Linear Algebra, Calcul
Program  of Informatics (Linear Algebra, Calculus] Number

F1-1

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

Use one answer sheet for each of F1-1, F1-2, F2—-1, and F2-2.

Q.1 Answer the following questions.
(1) Compute the determinant of a square matrix D given by

01 2 3
D 1 2 30
2 3 01
301 2
(2) Let X be a square matrix given by
2 a 0
X=10 2 0],
0 0

where both a and b are real numbers. Derive a and b if X? — 5X2 + 8X — 4E = O. where E
and O represent the identity matrix and the zero matrix, respectively.

Q.2 A square matrix A is called real skew-symmetric if all the elements of A are real
numbers and AT = —A, where | denotes the matrix transpose. Answer the following
questions.

(1) Show the general expressions of 2 x 2 and 3 x 3 real skew-symmetric matrices.

(2) Prove that for any odd number 7, any 7 x n real skew-symmetric matrix is non-invertible
(singular).

(3) Prove that all the eigenvalues of any real skew-symmetric matrix are 0 or purely imaginary
numbers.
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Master’s Fundamentals

Program  of Informatics [Linear Algebra, Calculus]

Question
Number

Fi1-2

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

Use one answer sheet for each of F1-1, FI-2, F2—1, and F2-2.

Q.1 Answer the following questions.

(1) Derive the minimum value of =% + 3 subject to the constraint that x + y = 3.

(2) Derive the minimum value of 24 + x subject to the constraint that 22 + 3?2 = 1.

Q.2 Compute the following integrals.

oG
1)) / e Tz dx
JO

e 2 9
(2) / e ¥z’ dx
0

S 2
3) / e 21 dx
0
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Master’s Fundamentals . Question
Algoritl d Data Struct 72—
Program  of Informatics [Algorithms and Data Structures] Number F2-1

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

Use one answer sheet for each of Fl-1, F1-2, F2-1, and FF2-2.

Let us consider edit operation sequences consisting of deletion, insertion, and substitution that
transform a number sequence A into another number sequence B. The elements of A and B are
as follows:

For any element o of A and any element b of B, the cost for deleting a is |al, the cost for
inserting b is |b|, and the cost for substituting a with b is |a — b|. Each insertion is allowed to the
leftmost or rightmost position as well as between elements. Hereafter, for any pair of edit
operation sequences, they are considered as the same edit operation sequence if only their
orders are different. For example, as shown in Fig. 1, the cost for the edit operation sequence
that inserts 7 to the leftmost position of A, substitutes 8§ with 2, deletes -4, substitutes 1 with -4,
and substitutes -6 with 3 is 7+6+4+5+9=31, which is not the minimum.

8 -4 1 -6
Lol bl
7 2 -4 3

Fig. 1: An example of an edit operation sequence. The operation order is arbitrary.

A number sequence A[4; 7] consists of successive elements from A[z] to A[7]. B[z; 7] is also
defined similarly. M(m, n) is the minimum cost of the edit operation sequence that transforms
A[1;m] into B[1; n]. Answer the following questions related to algorithms based on dynamic
programming.

Q.1 Derive the values of M(1,1), M(1,2), M(1,3), and M(1,4).

Q.2 Derive the values of M(2,1), M(3,1), and M(4,1).

Q.3 Express M(4.,4) using M(3,3), M(3,4), and M(4,3).

Q.4 Derive the value of M(4,4).

Q.5 Draw all edit operation sequences that transform A into B with the minimum cost using the
notation as in Fig. [.
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void quicksort (int a(], int first, int last)
{

int 1, 3, %, t;

X al(first + last) / 2];
i = first; J = last;
while (1) {
while (al[i] <= x) i++;
while (x <= al[j]) j-—;

if (1 >= 3) break;

t = ali]; alil = aljl; aljl = t;

it gy
}
if (first < i - 1) guicksort(a, first, i - 1);
if (3 + 1 < last) quicksort(a, j + 1, last);
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Master’s Fundamentals Question

[Algorith d Data Structures ~
Program  of Informatics [Algorithms and Da r ] Number F2-2

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

Use one answer sheet for each of F1-1, FI-2, F2-1, and F2-2.

Answer the following questions about quicksort.

Q.1

Explain the basic idea of quicksort in about 100 Japanese characters or about 70 English words.

Q2

The C program code below was intended to sort an integer array by quicksort, but it does not
work properly. Suppose the input array is {3, 2, 6, 8, 5, 1. 7, 4}. Explain what is the problem in
the code, describe how to fix it, and show the process of sorting the input array by the revised
code.

void quicksort (int all, int first, int last)

{
int i, j, x, t;
x = al[(first + last) / 2];
i = first; J = last;
while (1) {
while (al[i] <= x) i++;
while (x <= al[jl) j--;
if (i >= j) break;
t = alil; alil = al3l; aljl = t;
i++; J-=;
}
if (first < i - 1) guicksort(a, first, i - 1);
if (J + 1 < last) quicksort(a, j + 1, last);
}
Q3

The time complexity of sorting n items by quicksort is O(nlogn) on average, but in the worst
case it becomes O(n?). When the revised code in Q.2 sorts an input array of 8 integers, show
an input array that causes such a worst-case scenario, and show the process of sorting it.
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NOTES

1. This is the Question Booklet in 13 pages including this front cover.

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

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

4. There are 6 questions, written in Japanese and English. The questions are classified as listed below. Choose and

answer 2 questions.
S-1 Cognitive Neuroscience, Cognitive and Perceptual Psychology -+ Pages 1to 2
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S-5 Signal ProCesSing -+« wwwersssmerersees i Pages 910 10
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Master’s Specialized [Cognitive Neuroscience, Question

Program  Subjects  Cognitive and Perceptual Psychology) Number S-1

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

Q.1  Give a brief explanation on each of the following items. Figures may be used.
(1) Theory of mind

(2) Subjective contour

(3) Place cell

(4) Operant conditioning

(5) Feature integration theory

Q.2 The following experiments were designed for investigating characteristics of human
memory. A visual stimulus display shown in Fig. 1 (a) consisted of randomly selected uppercase
letters of the alphabet. The number of presented letters was randomly selected from 3 (1 row x 3
letters), 4 (1 row X 4 letters), 6 (2 rows x 3 letters), 8 (2 rows x 4 letters), 9 (3 rows x 3 letters),
and 12 (3 rows x 4 letters). The stimulus was presented for 50 milliseconds (ms). The task of
participants was to verbally report the presented letters as many as possible immediately after the
stimulus presentation (Experiment 1). The white circles in Fig. 1 (b) represent the number of
letters that the participants correctly reported. An additional experiment was also conducted in
which participants answered some of the letters presented (Experiment 2). In this experiment, the
number of letters was selected from 6, 8, 9, and 12 letters conditions. A beep sound was presented
simultaneously with the disappearance of stimulus presentation. Participants were required to
report only the letters in a randomly selected row indicated by the pitch of sound. For example, if
a high tone was presented, they had to report the letters in the top row. The black circles in Fig. 1
(b) show the result as [number of available letters] = [number of letters answered] x [number of
rows presented]. An additional experiment was conducted for the 12 letters condition with varying
time interval between the end of stimulus presentation and the onset of beep presentation: 0 ms,
150 ms, 300 ms, and 1000 ms (Experiment 3). The results are shown in Fig. 1 (c).

(1) Describe the purpose of Experiment 1 and discuss the result.

(2) Explain why the “number of available letters” shown in the above equation was used in

Experiment 2.

(3) Describe the purpose of Experiment 3 and discuss the result.

(a) (b) 12 1 =-O=-Exp. 1
‘Sém - —e— Exp. 2| e
K C P G 5 2 8 ...... Soosnrnx ¢ ...... ¢ 8 E
0 QO 6 (3] v 6 H
XMRA E> S8 6|
= o
YNVL =23 * SE 4
© 2 B2 e
0 o TN U PO TP PR S P
0 2 4 6 8 10 12 -0.2 0 020406081012
Number of presented letters Delay of beep presentation (s)

Fig. 1 A stimulus example used in the experiments (a), the number of available letters immediately
after stimulus presentation (b), and the number of available letters when the time interval between
stimulus presentation and a beep sound was varied (c).

2
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Master’s Specialized [Statics] Question

Program  Subjects Number S-2

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

Q.1 Suppose the number of times an event occurs in one second, X, follows the Poisson
distribution with 1 = 2. Note that e? = 7.389, and e™? = 0.135.
(1) Choose the probability density function of the Poisson distribution.
(@) f(x) = e*1*/x! (b) f(x) = e™*1*/x!
(0) f(x) = e*A™/x! (@) f(x) =e 27" /x!
(2) Find the minimum integer N satisfying P(X > N) < 0.1, and explain why.
(3) Let Sbe the total number of times this event occurs in D seconds. A theorem says that
the distribution of S approaches a normal distribution as D increases. Write the name
of this theorem, and find the values of the mean and the variance of the normal

distribution S approaches.

Q2Let ¥y, Y5, .., ¥, be a random sample of size n (< 30) from the normal distribution
with the mean p and the variance o2. If ¢? is known, the 95% confidence interval of y
can be computed as follows: “Let Y= (Y;+ Y, + - +7Y,)/n be the sample mean.
Y -w/ \/Ez/_n follows the standard normal distribution. By using c that satisfies

P(—c < Z <¢) =0.95 for random variable Z following the standard normal distribution,
the 95% confidence interval of y is computed as [7 —cfo?/n, T+ CM].” Explain
similarly the procedure to compute the 95% confidence interval of y when o¢? is

unknown.

Q.3 Specify the errors in the following statistical arguments.

(1) “One thousand participants performed the task A and the task B. We computed the
correlation coefficient of the task scores, and found no significant correlation across
individuals between the two tasks. This suggests that the human abilities measured
by the tasks A and B are independent.”

(2) “We found an interesting statistical difference between Kyoto and Tokyo —— the
experiment in Kyoto showed a statistically significant difference between the test
and control conditions, while that in Tokyo did not. In the next study, we will examine

the reason of this regional difference.”

Q.4 Briefly explain the meanings of the two statistical terms chosen from the following list.
+ Bonferroni correction
- 7?2 in ANOVA
+ Bootstrap method

+ Statistical power of a test
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Master’s  Specialized [Pattern Recognition, Question
Program Subjects Machine Learning] Number
Question is translated in English in the section below; this translation is given for reference only.

S-3

We consider prediction problems. Let 2; € R be an input and y; € R be the corresponding
output, and we have a training data set D = {(x1,y1), (x2,42). - - ., (n.Yn)}. Note that the
training data set is drawn independently from the distribution with a joint probability density
function p(x, y).

We employ a linear model:
flr;a,b) =ax+0b,

where a € R and b € R are regression coefficients.

Q.1 Derivea and b that minimize the followin g objective function J (a, b) using the training data
set D.

Q.2 The training data set is given as D’ = {(1,2), (3,3),(2,1), (4,5), (5,4)}. Calculate each of
estimated regression coefficients @ and b using D',

Q.3 We consider the following objective function,
7t = [[ - faan)? v i

where the joint probability density function p/(z, y) satisfies p/(z, y) # p(z,y).

Now, p(x) is the marginal probability density function of p(z,y), p'(x) is the marginal
probability density function of p/(x, y), and the conditional probabilities satisfy p(y|x) = p (y|z).
Answer D with p(x) and p’(z). Calculation procedure must also be included in the answer.

Tt = [ = rlaa )2 [pte sy

Q.4 Using the training data set D, the objective function,
st = [[w- fasan)Ppte sy

is approximated as J(a,b)inQ.1.
Similarly, derive the approximation of .J'(a.b) in Q.3 (i.e., f’(a«, b)) using the training data set D,
p(x). and p'(z).

Q.5 Derive @ and b that minimize the objective function J'(a., b) in Q.4 using the training data
set D, p(z), and p'(x).
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Master’s Specialized
Program  Subjects

Question

MNumber S-4

[Information Theory]

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

Consider a stationary memoryless source 4 which has a source alphabet of 4 symbols {a, b, d}.

The source 4 produces each symbol with probability p, where
p@=3/8, pMd)=1/4 p=1/4 p(d)=1/8.

Q.1 Compute H(A), the entropy of the source 4.

Q.2 Consider the code C; in the right table for encoding the symbols of “
A into binary symbols { 0, 1 }. Is the code C; uniquely decodable? Z 21
Answer with a reason.
c 011
d 111
Q.3 Assume that a long enough sequence of symbols produced from the
source A is encoded into a binary sequence using the code C;. Imagine
picking up one bit at random from the binary sequence. What is the X
probability that this symbol is a 1? 0 8/9
1/9
Q.4 Consider an asymmetric binary communication channel defined by
the righthand diagram. Suppose that the probability of occurrence of X 1 1
is given as in Q.3. Compute the mutual information I (X; ).
Q.5 Assume that symbols produced from the source 4 are encoded using Cz
the code C, in the right table, transmitted over the communication . 00
channel in Q.4, and decoded using C,. Let Z be the event of the b 01
decoded symbols. Compute the mutual information 1 (4; B). . 10
d 11

Q.6 Argue whether the code C, is optimal or not as a 2-bit
fixed-length binary code for transmitting symbols produced

from the source 4 over the communication channel in Q.4.
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Master’s  Specialized Question S-5
Program Subjects Number i
Question is translated in English in the section below; this translation is given for reference only.

[Signal Processing]

The Fourier spectrum of a continuous-time signal f(¢) is given by F(w) = [ f(t)e™7“"dt,
where j denotes the imaginary unit. Let X [k] denote the discrete Fourier transform of a
finite-length discrete signal of length N, z[n] (n = 0,..., N — 1). Answer the following
questions.

Q.1 Suppose that f(t) is an even function, that is f(x) = f(—z). The Fourier spectrum of f(t)

is given by
Flw)=2 /0 £t dt.

Answer . Calculation procedure must also be included in the answer.

Q.2 Let xs[n| be the circular shifted version of z[n] by s,

2aln] = zI[N+n-3s (n<s)
x[n — s (n > s).

The discrete Fourier transform of xs[n] is given by X [k].
Answer . Calculation procedure must also be included in the answer.

Q.3 Lety|n] be a finite-length discrete signal of length 2N,

x[n] (0<n<N)

W= N 1o (N <n<2w),

The discrete Fourier transform of y[n] is given by

N—-1
Ykl =2 Z z[n] cos () .
n=0

Answer’ © I and{ D) } Calculation procedure must also be included in the answer.

Q.4 The transform of z[n),

N
Xperlkl = ar Y [n] cos <> a0 = 1/VN, ay = /2/N
0

is known as a discreate cosine transform (DCT-II), and is used in data compression such as JPEG.
Explain an advantage of the discrete cosine transform compared to the discrete Fourier transform
in terms of data compression.

10
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Master’s Specialized [Formal Language, Theory of Computation, | Question
Program Subjects Discrete Mathematics] Number

S~6

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

Answer the following questions about languages L; = {a(a|b)” |n > 0} and Ly = {(a[b)"b

7 > 0} on an alphabet 3 = {a, b}, where (a|b)" denotes n repetitions of a or b.
p | P

Q.1

Q.2

Q.3

Q4

Q.5

Write the production rule set P, of the grammar G1 = ({5}, X, Py, S) generating L1,
where .S is the start symbol.

Write the transition table of a nondeterministic finite automaton M3 accepting Lz =
Ly M Ly and consisting of three states including the start state ¢; and a final state ¢s.

Write the transition table of a deterministic finite automaton with the smallest number of
states equivalent to the automaton My, Here the transition table of a deterministic finite
automaton must explicitly specify all the transitions.

A subset of a regular language is not always a regular language. Demonstrate this by
taking L3 and Ly = {a™b™ |m > 1} as examples.

Answer whether Ls = {a*b*c¥ | k > 1} is a context-free language or not. Then prove it
using the pumping lemma (uwvwzy theorem).

12
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