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Question A1 (Mandatory)

(1) Let A and U be an arbitrary N x N matrix and an arbitrary N x N unitary
matrix, respectively (IV is a positive integer). Let B = U'AU, where UT is the
adjoint matrix (conjugate transpose) of U and satisfies U™! = U'. Prove that

tr A = tr B, where tr X is the sum of the diagonal elements of a square matrix
X.

(2) Find the Maclaurin series up to the term in z° for the following function:

y=sinlz (-l<z<l, —7/2<y<7/2)

Note that sin™! is the inverse function of sin.

(3) Answer the following questions about the differential equation below:

d?x dx
— 42—+ 22 =0
az T ta T

(a) Find the solution that satisfies  (0) = 1 and 2’ (0) = 0.

(b) Find the smallest positive value of ¢ (¢ > 0) that satisfies = (t) = 0, where
x (t) is the solution obtained in (a).
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def xsort(arr):
change = True
while change:
change = False
for i in range(len(arr)-1):
if arr[i] > arr[i+1]:
x = arr[i]
arr[i] = arr[i+1]
arr[i+1] = x
change = True
return arr

0O A2-1: 0000 PythonODOOOODODOOOOO
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def quick_sort(arr):
left = []
right = []
if len(arr) <= 1:
return arr

ref = arr[0]
ref_count = 0

for ele in arr:
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Question A2 (Mandatory)

(1)

(2)

Answer the following questions on sorting programs.

(a) Figure A2-1 shows a program for sorting elements of a list in Python lan-
guage. Show the name of sorting algorithm of this program, and explain
the action of this algorithm.

(b) Figure A2-2 shows a part of quick sort program in Python language. Refer-
ring this program code, show whole program code of quick sort algorithm.
You can answer it by replacing comments noted by *1: and *2: by using
Python program codes, or by writing whole source code by using other pro-
grmming language. If you choose the latter method, you must show the
name of programming language you are using.

In some cinema theater, the price of movie ticket depends on the age of audience:
800 Yen for younger than 12 years, 1200 Yen for older than or euqual to 12 and
younger than 18, and 1500 Yen for older than or equal to 18. A funtion price(y)
(interger type) is provided which takes an integer parameter y (age of audience)
and returns the price of cinema ticket in integer format.

Answer the test suite program of this function which checks whether the action
of this function follows the specification. Show sample data sets and explain why
you use these data sets.

Explain the functions of the following tools which support program development
and deployment.

(a) IDE (Integrated Development Environments, ex: CodeWarrior, Eclipse,
Xcode)

(b) Package management system (ex: RPM, APT, and Anaconda)

(c¢) Containers (ex: Docker, Kubernetes)



def xsort(arr):
change = True
while change:
change = False
for i in range(len(arr)-1):
if arr[i] > arr[i+1]:
x = arr[i]
arr[i] = arr[i+1]
arr [i+1] = x
change = True
return arr

Figure A2-1: Sorting program in Python language

def quick_sort(arr):
left = []
right = []
if len(arr) <= 1:
return arr

ref = arr[0]
ref_count = 0

for ele in arr:

return //  *x2:

Figure A2-2: A part of quick sort program in Python language
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Select two questions to answer from the following Questions
A3, A4, A5, and A6. Mark the numbers of questions you
selected in the answer sheets.
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Question A3

(1) A train of three cars arrived at the station. There were 20 men and 30 women

aboard the No. 1 car, 30 men and 10 women aboard the No. 2 car, and 15 men

and 25 women aboard the No. 3 car. It is assumed that the passengers do not

move between the cars while the train is running, and the passengers get down

at random. Answer the following questions.

(a)

(b)

Five people got off from the No. 1 car. Find the probability that everyone

1S woman.

Five people, four people and four people got off from the No. 1 car, the
No. 2 car, and the No. 3 car, respectively. Find the expected value of the

number of men among them.

Five people, four people and four people got off from the No. 1 car, the
No. 2 car, and the No. 3 car, respectively. A man came out from the
ticket gate. Find the probability that this man was on the No. 2 car. The
distance from each car to the ticket gate is equal, and it is assumed that
the time from getting off to exiting the ticket gate is random.

(2) Answer the following questions about “Machine Learning”.

(a)

Explain briefly about “Hold-out”, “K-fold cross-validation”, and “leave-
one-out cross-validation”, which are methods for splitting data into training
and test data.

Explain briefly about “Normalization” and “Standardization”, which are

data processing methods.

Explain briefly about “Overfitting”.
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Question A4

(1) Explain the following terms.

a) Voronoi diagram

(a)

(b) P-median problem

(¢) MAUP: Modifiable Areal Unit Problem
)

(d) georeferencing
(2) Answer the following questions.

(a) Explain the term “spatial autocorrelation”.
(b) Give three examples of positive spatial autocorrelation in the real world.

(c¢) Explain a quantitative method for verifying spatial autocorrelation.
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Question A5

(1) Answer the following questions about computer memory management.

(a) Explain computer memory hierarchy with the help of diagram.

(b) The difference of access times of main memory and secondary storage is
large compared with the differences of the access times of other layers.
What kinds of techniques are used to reduce the performance degradation
caused by the large difference. Describe the techniques of hardware and
software, respectively.

(c) Paging virtual memory is implemented by using main memory and sec-
ondary storage. Assume that the page access time of main memory is m,
and that the page access time for the page fault is d (d > m) (which includes
the time to fetch the page from secondary storage). If the page fault ratio
is p, calculate the average page access time. Also describe the condition of
p to reduce the average access time lower than (1 + «)m (a > 0).

(2) Explain the concrete protocols for communications between application pro-
cesses. Consider multiple application processes are running on an operating
system and explain how individual commnications are performed correctly.

(3) Explain the following terminologies.

(a)

(b)

¢) Route Control
)
)

Error-Correcting Code
Congestion Control

(
(d
(e) Blockchain

Public Key Encryption
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Question A6

Answer the following questions on IoT.

(1) Explain the following protocols for controlling sensors. Also show concrete ex-
amples of controlling sensors.

(2) Explain the following wireless technologies and discuss pros and cons in terms
of (i) bandwidth, (ii) coverage, (iii) frequency, (iv) communication protocol, (v)
secuity, and (vi) power consumption.

(3) Explain powermanagement in modern micro-computers to suppress power con-
sumption. Give a concrete example and quantify its effectiveness.
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Entrance Examination

in Applied Computer Science Course,

Graduate School of Interdisciplinary Information Studies,

The University of Tokyo.
Academic Year 2020
(14:00-16:00, August 19th, 2019)

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

10.

11.

Read the following instructions carefully.

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

Graduate School of Interdisciplinary Information Studies.

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

This booklet includes six questions. Answer Questions A1 and A2, and
answer two questions from any of Questions A3, A4, A5, and AG6.

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

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

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

ignated 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.
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