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cosf 0 sind
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sinff 0 cosf
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(3) f(z)=a*—22% ITDWT
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Question A1 (Mandatory)

Answer the following questions.

(1) Calculate the eigenvalues and eigenvectors of the matrix A. Note that 0 < 6 < 7.
cosf) 0 sinf
A= -1 1 -1
sind 0 cosf
(2) Solve the general solution of the differential equation below.

y'+y +y=0

(3) With respect to f(x) = 2? — 223

(a) Calculate all extreme values.

(b) Calculate

[ 1@z,
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Question A2 (Mandatory)

(1) Using four kinds of coins, 1, 2, 4, and 7 yen, consider paying the indicated amount
so that the total number of coins is the smallest. For example, the minimum
number of coins when paying 8 yen will be 2, paid with 1 yen and 7 yen.

Here, let’s represent coins as Cy = 1, € = 2, Cy = 4, and C3 = 7, then define
T,,.m as the smallest number of coins when paying m yen using coins C; where
0 <7 < n. The table below is a partial completion of T,, ,,. For example, the
minimum number of coins 75 3 when paying 3 yen with Cj to C; coins is 2, which

is the number surrounded by the frame in the table:

m

5 6 7 8 9 10 11

o O O Ol o
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1
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5
X
Y
Z

(a) Fill X, Y, and Z in the table.

(b) Define T}, ,, by using T}, ,,v (where 0 < n/ and 0 < m/, and either n’ < n or

m’ < m).

(c) Define function calcT(n, m) that calculates T, ,, using the dynamic pro-
gramming algorithm in your chosen programming language. Specify which

programming language is used.

(2) What is “tail recursion” in programming language? Explain by providing an

example.
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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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HEoHERE 5 3M (Question A3)

DTFOMETARTIZEZ L.

(1) 125 4 ETOBDPFEMRTH D AHAEDOT 1 a0IZONWTEZS. HDY A
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Question A3

Answer the following questions.

(1)

You have eight dice, each of which has four faces numbered from one to four.
Each face shows up with the exactly same probability. Let X be the sum of the
numbers on the top faces, when one rolls the eight dice. Answer the following
questions. You can assume that each die roll is independent.

(a) Determine the expected value and variance of X.

(b) Determine the probability that X is a multiple of three.
One observed three successes out of five independent Bernoulli trials with success
probability .

(a) Define the likelihood by using .

(b) Define the posterior distribution of 7 as Beta distribution when the prior

distribution is uniform: p(7) =1 (0 <7 < 1).

Explain supervised learning, unsupervised learning, and reinforcement learning,
by using the following phrases.
training data, test data, policy, value function, neural networks, k-means, clas-

sification, regression, clustering, Markov decision process, Q-learning

A-8



HREPTERE £4 B (Question A4)
(1) RFID (Radio Frequency IDentifier) &1&& D X 577 /31 AHFHE X,

(2) 78w > TRIRFID O ZE[mEE (7> F 3V Y ay, Anti-collision) (BT 5UTF
DRIZEZ Ko

o Hi— transponder 7%, I DXy > TEIRFID % [AIIFIZ G AH D BRIz, fEf
A% 4TS 720, RFID 12k, 2=—=21D (id) HMIH5INnTHH, 2D
UPTFoaxy NzEaTWw5,

— REQUEST (SNR) : RFID @ id A% SNR PA F D& 1%, RFID I3 id %K%
35,

— READ(ID): RFID ®a=—7% 1D %' id D&, RFID I3MMHT — X % 3K
%LU T, Disabled JREEX 72D, DAL ENABLE 2 ¥ Y KA DTRTD
avw v NzEHT 5,

— ENABLE: 3 RXT® RFID % Disabled JREEM & fRR T 5,

e transponder ¥, LD IY Y RE2RITL, RET—XEZHETE 5, HIK
@ RFID MHEFRIZ T — X 2% U 7= 8546 (28, collision) ZMHAITE 5,

="

a1 =] »

RFID Transponder RFIDs

(a) 6D RFIDA3® D, idA31, 5. 9. 11, 12, 13 TH 5, transponder 75,
REQUEST (16). REQUEST (8). REQUEST (4) ZXfEL7-fR%2 TN
A &,

(b) [FIRFIZFEAH D D RFID O id 2% — NOfEE U7z K Z ML .
FROITY REHio T REREKT 5 2 & THlZEMEEL 7-5ARD 7
O bhaNEHAE L, BEIZSEUT, I RZEMUTEEDRWY,

(3) HUBLREH S 25 LIBT3 B F ORIZE X k.
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Question A4

(1) Explain what kind of device RFID (Radio Frequency IDentifier) is.

(2) Answer the following questions on anti-collition technique of passive RFIDs.

e Provided that passive RFID has a unique identifier (id) and the following
commands for anti-collision mechanism which enables single tranponder to
read multiple passive RFIDs simultaneously.

— REQUEST (SNR) : RFID returns its i«d when the id is less than or equal
to SNR.

— READ(ID): When id of RFID is equal to ID, the RFID returns data
stored in the RFID, and it becomes Disabled state. Then, it igonores
all commands except ENABLE.

— ENABLE: All RFIDs are released from Disabled state into normal state.

e Transpomnder sends above commands and receives returned data. It can
detect the collision in which multiple RFIDs send data simultaneously.

—) o
. _@'ﬁ .

ENABLE

VT 5 Ok

RFID Transponder RFIDs

(a) When there are six RFIDs whose ids are 1, 5, 9, 11, 12, and 13. Explain each
result of command from the transponder REQUEST (16), REQUEST (8), and
REQUEST (4).

(b) Explain organization of a binary tree in which each leaf node contains id
of one of the multiple RFIDs which are read simultaneouosly, and anti-
collision RFID read protocol which uses the above commands and searches
the binary tree. If necessary, you may add another command of RFID.

(3) Answer the following questions on geographical information system.
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(a)

Consider nearest neighbor search in which point set S = {s|s € R?} in
two dimensional space R? is provided, and nearest point in S from ¢ €
R? is searched. Various methods which accelarate the nearest neighbor
search have been proposed. Specify a method among them and explain the
overview of the algoriothm of the method in addition to the data structure
of point set S.

When the number of points in S is NV, show the processing time of the
nearest neighbor search algorithm explained in (3)(a) in N’s order.
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HEDHERE £ 5M (Question A5)
AV Z =%y MIBET AT DORWIZE X &
(1) 71 b 2L &I farSiHe X,

(2) A ¥ Z—%v bOTO R VS FHICAES D, SFOME, BLO. R
WA B BN & B &

(3) v b7 =2 DNEML CTHEAATIZAR S RN DOFIfH % 2 DX THIIE X,
ZOHENX EDETEES N T WS 2HHE &L,

(4) T—ROEBIBVTIE, Ak - B DT 10— N ¥ v 2~ OBHEE EED
A=Y —PHEELUTHEHAT WL OO AAPFHI NS, BITFOHA %A
&,

(a) TDMA
(b) FDMA

(c) CDMA

(d) CSMA

(e) Token Ring

(5) HIFIZBWT, 7u b2V OB R SHANZR TR ED L S R EROX
Eh, 4 O DOHENLR R 2 #EmE &

(6) AN DEEZ BIE &,
(a) CDN

(b) OTT

(c) xAY NT—I A4V T
(d) 5

) &

(e) 2AY b=V 7 bu Tk
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Question A5

Answer the following questions regarding the Internet technologies.
(1) Define “Protocol”.

(2) The Internet Protocol is divided into 5 layers. Explain the functionalities of each
layer and the reason why they are structured in layers.

(3) Explain two mechanisms to prevent the Internet from congestion collapse. Also
answer which layer implements these mechanisms.

(4) In propagation of data, wired/wireless broadcast media is shared by multiple
users. Explain the following methods for media access controls.

(a) TDMA
(b) FDMA
(c) CDMA
(d) CSMA
(e) Token Ring

(5) In the previous questions, discuss the four ideal characteristics in media access
controls from the protocol point of view.

(6) Explain the following terminologies.

CDN

(a
(b) OTT

b

)
)
(¢) Network slicing
(d) 5
)

(e) Network softwarization
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HEDHERE F£6M (Question A6)
AVEa—ZDN—RV 77 —=FT7 7 F v HEMZBET BN DORWIZER X,
(1) AN O HIEEZ BiIE &

(i) MADD (RER1#5)

(2) AV 21— ROERNLRT =% T2 F ¥ & TE2EIFEHMICKRE &,
(3) FIMIZBWT, MEPEITINDI AT Y T% TE L TFHMICHAE X,
(4) CPU & GPU D& % S &

(5) IEEBMTFEET GPUPHWOND LD IR >TETWS, TOMHET —F
T 7 F ¥ DB S FHIE K,



Question A6

Answer the following questions on computer hardware architecture.

(1) Explain the following terminologies.

(2) Hlustrate the fundamental architecure of computer hardware in as much detail

as possible.

(3) In the previous question, explain how instructions get executed in as much detail

as possible.
(4) Explain the difference between CPU and GPU.

(5) Recently GPU is utilized for machine learning. Explain the reason from the
viewpoint of hardware architecture.
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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 Question 1 and Question
2, and answer two questions from any of Questions 3, 4, 5, and 6.

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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