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NOTES
Do not open the pages before the signal to start the examination is given.
This is the Question Booklet of 12 pages including this front cover.
After the examination starts, check that all pages are in order and notify proctors
immediately if missing pages or unclear printings are found.
There are 5 questions. Choose and answer 3 questions in total.
Carefully read the notes on the front cover of the Answer Sheets, too.
Use one answer sheet for each question. You may use the reverse side of the sheet,
but if you do, be sure to indicate it clearly by writing “See reverse side” at the end
of the front side.

1/12



&S (Number) 1

AMETIILUTORICGEIND VI VM B EIET D, K~V URBMTIL2 N1 FRE L, Al
Y4 By MRARa—R, L0122 By "BRAXT U K7 40—V RERD, 525 RS, T XL
VALFFHERT 4 By MZ—UTHY, 5im X, Y VP AZ TIEIRWERT 4 — L RaFR
T4 vy M= Thb,

ZEHE L DBRTIERR

Flo, =V EFUTObDERET D,

075 F (16 #EET)FE TRLZOESNT- 16 [HOWHAL VA X E2FL, ThFfhoL
VA DEIILS By N ThHDH,

AAUAEDIX 256 HOBANGLRE, K EBLOT KLAL 8 By hORNH— &7
60

2/12



INEEEZ, TFORM (1) BLOERM Q) &z &,

(1) ~>ro7ur7I7 5002300 (16 EHKL) THY, 7 FL200225 1D (&2T 16
EEKTL) OAFV VT TFROE Y b3F—r (BTI6 KL 23l s ¥ 5,

Address Contents Address Contents
00 20 10 20
01 04 11 00
02 21 12 21
03 00 13 OF
04 22 14 22
05 01 15 FO
06 23 16 53
07 60 17 12
08 Al 18 33
09 10 19 33
0A 93 1A 40
0B 02 1B 30
oC 51 1C BO
oD 12 1D 00
OE A0
OF 08
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In this question, the machine instructions in the table below are assumed. Each machine instruction is 2-byte
long with the first 4 bits representing the opcode and the last 12 bits making up the operand field. The symbols
R, S and T are placeholders for a 4-bit pattern identifying a register, and the symbols X and Y are placeholders
for a 4-bit pattern not representing a register.

Not shown due to copyright




The following machine is furthermore assumed.
e It has 16 general-purpose registers numbered 0 through F (in hexadecimal). Each register is 8-
bit long.
e There are 256 cells in the main memory. Each cell’s address is 8-bit long.

Answer the following questions (1) and (2).
(1) The machine contains 00 (an 8-bit pattern in hexadecimal form) in its program counter and the

memory cells at addresses 00 through 1D (all in hexadecimal form) contain the following bit patterns
(all in hexadecimal form).

Address Contents Address Contents
00 20 10 20
01 04 11 00
02 21 12 21
03 00 13 OF
04 22 14 22
05 01 15 FO
06 23 16 53
07 60 17 12
08 Al 18 33
09 10 19 33
0A 93 1A 40
0B 02 1B 30
oC 51 1C BO
oD 12 1D 00
OE A0
OF 08

a.  When the program counter reaches 10 (in hexadecimal form), what will be the bit pattern
contained in the register 3?

b.  When the machine halts, what will be the bit pattern contained in the memory cell address
33 (in hexadecimal form)?

(2) Write a program of machine instructions that performs the following tasks.
Read the bit pattern contained in the memory cell address FO (in hexadecimal form).
Read the bit pattern contained in the memory cell address F1 (in hexadecimal form).
Perform the multiplication of the two values from address FO and F1 (all in hexadecimal form).
Do not worry about the overflow.
Store the result in the memory cell address F2 (in hexadecimal form).
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The following algorithm iterates through an array A to find the minimum and maximum values. In
the following, we assume that the first cell of the array has index 1 and the last cell has index N. A[1]
is the first element of the array, A[i] is the i-th element.

Algorithm FindMinMax(A, N)
max «— A[1]
min «— A[1]
i« 2
while (i <= N) do
if (Afi] > max) then
max — Ali]
else
if (Afi] < min) then
min < Afi]
end if
end if
f—i+1
end while

(1) FindWinMax 7 )3V XL TIIAEID “A/7] < min” OLHEEHPLBE) 2
(BB OSH ERBOGEEENETNIIEZ D, )
How many times the comparison “A[i] < min” is performed in the FindMinMax algorithm?
(Think of the best-case and worst-case scenarios, separately.)

(2) B 7 A —FRIETD Findiinlax 7 V=Y X LORERFHE &1L 2
What is the time complexity of the FindMinMax algorithm in big-O notation?

B 1 1R XIS, mRE & B/ MEE R0 5 MBI AR R 7 0T ) XL T H R
T& D, ZOT7NAY RLDHE—AT » 7 TiE, B A Z BRI ZSOESII T
Do ZDTNAY XLDH AT v 7T, THODOES DRRKIE & R/IMEZ g L
T, BAN R DR KRIE & e/ IMEZ RO 5, BLF] A OfcKRIE & o/ MEZ 7o 5 BEe
TN XLOHEH 2 — K& FT,

The problem of finding the maximum and minimum values can also be solved using a recursive
algorithm, shown in Figure 1. In the first step of the algorithm, we recursively divide an array A
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into two parts. In the second step of the algorithm, we compare the maximum and minimum
values of those parts to obtain the maximum and minimum values of the whole array. Write a
pseudocode of the recursive algorithm that finds the maximum and minimum values in an array

A.

1 2 3 4 5 6
Array T
32 9 43 . 54 65 21
(B2A1) : ‘
: ’ : ' First step
32+ 9 43 54 : 65 21 (FE— AT v F)
l_‘ L H
32 9 43 54 65 21
| | e | |7
32 32 9 43 54 54 21 65
min max min max min max min max
\ |
| 1 ] Second step
9 | 43 21 | 65 (BEZRAT v )
min max min max ’
\ |
y v
9 65
min max
Figure 1 (X 1)

7712



fRE&ES (Number) 3

. K1 IR INd RO ENEREZZERBL T, XD 2ODEMICEZ LI\,

- -
o

(1) K2 EARDOEZEDNEFE L 723 DDA E ) 2ILIHEHINTOIFERER LTS, X
LIGREN TV EROKEFEZ ZOMRTEZWMZA LI v, HEFRA v FELiE, Hlo
FEEZETEHARRAZHoTZOER LRI L, BIEER VLGS IZLOH
ICNIL 2EL 2 ¢, (b= FRA VFIZOVTHENAENLI L)

EDFAD EDOFAD

Rl AR Az

B2

QTR LZRPEXE) NV 6 DEFEREL, | DDKRA VI ZEHETH I LT, M
EREAEY 2 MICEL 2, (ROL—FRA VP I3EFEY ZA LD~y REAL V¥
L% 5,) BonlEE Y A FOKEFIT, HHE L2 DD AT Y VM I LT
LENH L, (1) TERLIZRORZ S ) —ERE, ZDOXITKRZEFY A I
a9 27201247 ) DD 5 EHE L2 RA,

2. M3 ICRINAIERF 2 —%2BEL T, RO 2ODEMICEZ %I\,

c ZAayon
=0
~y K
RA V&
F—J | — X
A V&
A
B 70v70
BEOEIL
&3

(1) i D, E, F ZEFICFHAL, EEEZ 2 OHIBRL72HBZDOF 2 —DIREZHE L X \v»,
RAEREEE R T Z —DOfiE 2 30,

) (1) THONTDREDL SO TGS, ~y PR VY F ET—LVRAL v Ie L x (K3
DIRNESR) 2T LIICRELDICED X ) BBIERZIT ) LELRH 5080k
IV, F, COREBEZRTF 2—DMNERE R IO,

8/ 12



1. Consider the conceptual representation of the binary tree given in Figure 1 and answer the two
following questions:

B/“\D
S

Figure 1

(1) Figure 2 shows the structure of one node of a tree stored in three contiguous memory cells.
Draw the tree depicted in Figure 1 by replacing each node with this structure. For each
pointer cell either connect it to the appropriate node using an arrow or write null inside it (Do
not forget about the root pointer).

Cell containing the data | Left child pointer |[Right child pointer

Figure 2

(2) By discarding six memory cells and modifying one pointer from the tree in (1), convert the
structure into a linked list (The root pointer of the tree becomes the head pointer of the linked
list). Each element of the resulting linked list should be stored in two contiguous memory cells.
Draw a copy of the diagram you wrote in (1) and show the modifications you made on that
copied diagram to convert the tree into a linked list.

2. Considering the circular queue in Figure 3, answer the following two questions:

C |« First cell in block

Head pointer }

Tail pointer —

+————— Cellx

B | 4= Last cell in block

Figure 3

(1) Draw the state of the queue after inserting values D, E and F sequentially and removing 2 entries.
Draw one diagram showing the final state.

(2) Starting from the resulting state in (1), what operations do you have to perform to have both
head and tail pointers point to the cell x (See label in Figure 3). Draw a diagram of the queue
showing this state.
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LITNIEH 2 KRFEDa—x (Course). BT (Location). 2£4 (Student). FifE (Grade) % & H 4
BTF—RAR—ZADAF—<Th 5,

Below is the schema of a database for managing courses, locations, students, and grades in a
university.

@® Course (CourselD, Day, Time)
@ Location (CourselD, RoomID)
@ Student (StudentID, Name, Address)
@® Grade (CourselD, StudentID, Grade)

FidozxFx—=i3. UTFTDOTF—Z_X—2ICEEINTW3E,

The above schema is implemented in the following database.

Course Location
CourselD Day Time CourselD RoomID
Law Monday 10:30 Law 31
Math Tuesday 10:30 Math 32
Math Friday 10:30 Physics 31
Physics Tuesday 16:45
Student Grade
StudentID Name Address CourselD | StudentID Grade
100 Kyle Boston Law 100 A
200 Anna Mie Law 300 A
300 Mark Rome Physics 100 B
Physics 200 A
Physics 300 B
Math 100 C
Math 200 A

(1) B9{% Location Z R TRBZDIREEF L L LS5, COXRB LT ERUIREICRSZ L 5Icx T
L %IBANT % SQL XX hE T,

Suppose that the table representing the relation “Location” is initially empty. Write an SQL
query to populate the table with the tuples shown above.
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(2) Anna D{EFT% Mie & Osaka ICHEHT 3% SQL XxFE T,
Write an SQL query to update the address of Anna from Mie to Osaka.

(3) AT BRI E 0 EfTHE R 2 R4,

Provide the results of running the following relational operations.

(a) R1 < SELECT FROM Course WHERE Day = 'Friday'

(b) R2 < PROJECT StudentID, Grade FROM Grade WHERE CourselD="Math'

(c) R3 < JOIN Course AND Location WHERE Course.CourselD = Location.CourselD
AND Time = '10:30'

(d) R4 < SELECT FROM R3 WHERE RoomID = '31'

@) UTFozhZhiconT, ZoEHER5 o oBREE L TL,

For each of the following, write a relational operation to obtain it.

(a) %% 2 — 2 (Math) % 5%Z5k 3 % 2EFED AT,
The names of the students taking the Math course.

(b) Mark D %% 2 — Z (Law) @ &,

Mark's grade in the Law course.
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ATEOMERICBT 2 T O WICE Z X,

Answer the following questions on the theory of computation.

(1

@

€)

“)

By 7F—GlikE By 7y —FEliE0E G 2 Y X

Explain the difference between big O notation and big-theta notation.

e — L 2 < vREE oY 2 b ESETROMEENS 2 5 R, H B AR
V5=V A2 Y HMlLD 4T ORI 2 — 72 H T H o ORI R 2 DI B e iR
BEDSHIERMELL T & 72 2 & 9 Adki s Hod 2, BETH Y . NPRIETH 3. - ofiE
(XS B AR 2 i 3, ATREZR R 2 (AR IIT A2 LT A5t D S e 22 il IR e e
T2 2 LR, R ET TREDR RO 20T RTCOARENIRE 2 £ ¢f79 .
EVI)SIETHS. L Lads, ZOKICE > TREHARMOM 22 2 L3 T
v, 2oz RILZ R LCHE L.

The Travelling Salesman Problem is an NP problem that asks 'Given a list of cities and the distances
between each city, find a path for a salesman located in a city to visit every other city exactly once
and then return to their own city, such that the total distance travelled is less than or equal to a
specified limit.' The traditional solution to this problem is to consider the potential paths in a
systematic manner, comparing the total distance of each path to the limit until either an acceptable
path is found or all possibilities have been considered. However, this approach does not produce a
polynomial time solution. Explain why it is so by providing a basis.

2 D DFRATRERIE Pol & Po2 3% . Pol & Po2 % Pol, Po2 DN TiF < @ % Po3
9 %.Pol WEIARMETH D, Po2 D3NP FERMETH 2K, Po3 b NP EEMETH
5. Z DM 2R,

Suppose that Pol and Po2 are solvable problems and that Po3 is the problem to solve Pol and Po2
in this order. Further, suppose that Pol is a P problem and that Po2 is an NP-complete problem. In
this case, Po3 is an NP-complete problem. State the reason.

{2 ILFIREIC 3B 1) 2R ILBIRIE & D & 9 %BABT H % o (FILBIB D ATIME & K fEIC D
WTERL DO K. £, il EILBBIIEIRABECH 5 DEELD 20w
L ZNE.

Describe the halting function within the context of the halting problem, making sure to discuss its
input and output values. After that, explain why the proposition 'The halting function is computable'
cannot be true.
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Questions to be chosen depending on the first-choice application group

First-choice application group Questions to answer
SlI-2, SI-3, SI-4, SI-5, SI-6,
Select three among T1~T4
Sl-14, SI-15
SI-8-9 Select three among B1~B5
SI-10, SI-11, SI-12 Select three among D1~D6
SI-13 Select three among M1~M5
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Pt &oamf =B 1B 5 DU T oI i@ ¢ &

Answer the following questions on machine learning and reinforcement learning:

1) DUToEEZ S &
"WIEER ) A= N=T 4 v T4 v 7y TR = AT RY =) T T
oy =74 —ik
Explain the following terms:

29 ¢ 29 G 29 ¢ 29 ¢

“linear classifier,” “over-fitting,” “policy,” “off-policy learning,” “e-greedy method.”
2) 005 9 £TD 10 AT 2 FHS LT ORMEEIMAE T I 2L 2EZ 5,
Z DEEDIARN 7 FIAZ BRICHIE &, 2L, 2 ed To00 ) ThgE, TA—L F
7 by by Tl ICEKRT ST E, e, @Rz EC T 0IcED X ) IcT UL
L, B X,

Suppose that we want to recognize handwritten characters of the 10 digits from 0 to 9 using machine
learning. Briefly explain the basic procedure for this. You need to at least mention about “label,”
“features,” “hold-out set,” and “evaluation.” Moreover, discuss how to improve the recognition

performance.

3) UTDXI9% 7YYy FA~E»PHY, 22 Tx— ¥ FDY Q-learning I K D A#H L
Tw3, D L E FIIRETH 2, T—Y =¥ MIA B T C ICHD > TOBED AL,
C TIZD,E ICHAD»> TOBEDAITE S, D, E ICEW T exit [TEIDADARETH 2,
MT®1#%3@1tv—bbﬁ okt & INS6DIEY —FpoBRQHEEH
BT D Q% fREE X, B3I 1, 2AEFIZ 0.5, AEFTO Q EHOWIMMEIZTXTOo &
ﬁ“ %,

Consider the grids A — E given below where an agent is learning using Q-learning. D and E are the
terminal states. At A and B the agent can only move to C, and at C it can only move to D and E. At D
and E, only the exit action is possible. Given the following episodes 1-3 in this order, iteratively update
the Q-values, and report the latest Q-values. The discount ratio is 1, the learning ratio is 0.5, and the Q-
values before the learning are all 0.

Episode 1 Episode 2 Episode 3

B, east, C, -1 A, south, C, -1 B, east, C, -1
C, east, D, -1 C, east, D, -1 C, south, E, -1
D, exit, x, +10 D, exit, x, +10 E, exit, x, -10

4) HEWEEE O T D S IILEE 2 BT R E 203 LD & 9 RiGah, s 8 2ER
TRETRVLDIFED &) BYED, WL OO EERNARIGHE %220 223 6 iine X, &
S TR —5 ) T—Mfby "&M OmimZilmicEo 5 2 L,

In which cases should we choose reinforcement learning among various machine-learning methods, and
when should we not choose reinforcement learning? Discuss it with reference to a few concrete example
applications. You need to at least include arguments about “training data,” “generalization,” and “regret”
in your discussion.
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DLROMWWIZEZ &,
1. IY A VEUEE ET YV ORBEEMBEBREOBERIZ D WTEHE X,

2. FRLDAEMT T 7 Gy & Gy DENTNIZ PageRank 7V TV AL ZEHAT L & %%
2B, FVELMMIVY VT THMR clZ0<e<] 2723235, EBROBMEDFHE
XTI, 77 7 0OREEB & O PageRank 7V 3 ALDHEBEDANRS, G & Gy D
ZNZFNIZDWT PageRank fHA R K & 72 2 THM (A DTEHS D B 2 5513E8) 25
MUTEZ L, /2, BEZTDIIITFHRLUZO1HAE L,

D=0 @—O—O—0

3. M Z 7 GIZHNULT, GHTIREBDPERDKEVWHROESAZ D(G). G FTHERDEN
DD E WIS DES % B(G) /L ZXIZ295, DG)NBG) =0 &b E5%
227 G2 —D2MRE &, HAEVPRNLZDLDOD—D%2RIZ L, £/, ZDJ
57128135 D(G) & B(G) %% DRHITTRE,

Answer the following questions.

1. Explain the relationship between the cosine similarity and the Pearson product-moment

correlation coefficient.

2. Suppose we apply the PageRank algorithm to each of the directed graphs G; and Gs
shown below. We assume that the random jump probability e satisfies 0 < e < 1.
Based only on the graph structure and the properties of the PageRank algorithm, and
without calculating the concrete values, predict which node (or nodes in the case of
ties) has the highest PageRank score for G; and G, respectively. Also state reasons

for your prediction.

DD @—F—O— O

3. For an undirected graph G, let D(G) denote the set of nodes with the largest degree
in G and let B(G) denote the set of nodes with the largest betweenness centrality
in G. Draw an undirected graph G that satisfies D(G) N B(G) = . Choose one of
the graphs with the smallest number of nodes. Also indicate D(G) and B(G) of that

graph in your drawing.
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DITof#E (1) ~ (5) k& & -

() V77 z7RBE7TBLRAICOVT VA —F—T7 4= VETLET YA LT OLRAE
TIOVICEY U CRAT & R 2 Helg LSt X

Q) V7E727DTAMIOWT, UTFD42D7 A FFHEIIOWTHIIE X,
BRT A b, BEET AN, RET A, BIOEHT A b

B) 74— EVUT A ARYT 4 EIMFHL., ZOERBEMIZOWTHRE L,

4) 4T ATM S AT L DIRZFE AR T 22— 27— 2% HiT, 77—k, FHA.
BT, B, SRITATM S AT L 0EME L T3,

5) A 7Y 2/ MERTU YT v 2IeB 5 THEMK) & TRV E—7 4 X0, OB
SV THIZ F VO THBIE X,

Answer all the following questions (1)-(5).

(1) About software development processes, explain the waterfall development model and the agile
development models with their advantages and disadvantages.

(2) About software testing, explain the following testing methods: unit testing, integration testing, system
testing, and operational testing.

(3) Explain what is “Feasibility study” and discuss its importance.

(4) Draw a use-case diagram that represents the behavior of automated teller machine (ATM) banking
systems. The actors are end users, banks, and system administrators.

(5) Explain the concepts of “Multiple inheritance” and “Polymorphism” in object-oriented programming
with examples, respectively.
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La—wrA V72— ADHliFIEICBIT 2 AT DI WIcE 2 X,

(1) AYFE2—DHEIIOWT, 4L, ZNZNDOREE AN - REIZDOWT
FHE X,

Q) AvPEa—DADa—<r A V¥ 72— ADOFHIliE%E S EIIZEL, ZnEh
DR E A - RIS DWW THIHE &,

Answer the following questions about evaluation of human interfaces.

(1) List four methods for the interview, and describe the features, advantages, and disadvantages of
each method.

(2) Except for the interview, list five methods for the evaluation of human interfaces, and describe
the features, advantages, and disadvantages of each method.
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MIZE T NICE T 5T I8 T X —FHEEMEICN T 2 HRIEDEIZOWT, T2l —3
avyZEHOTFHGiL 7z, €7V y=x1+x2 % 10,000 # DR L > S22 —>av L&k, €T
VT, xLIEy I L CTIEDRIRZFFD (coefficient values x1 = 1, XD FEEDGHE) . x2 1%
x1 EIRBIRICH D . ZOFEOBE L, PRE (r=05) FEHRCHERE (t=09) &
LTy Ial—yarvlk, ZOMEIZONVT, x1 & x2 D coefficient values D34 % ZILZ
U A, BIZRL7z, TOLEE, KA, BZNZNUIBWT, xI & x2 D coefficient values |
EDXHICHEES N, HEICOWTED LI BRTEIEL T30l I v,

The effect of collinearity on model parameter estimates in a linear model was evaluated by a simulation.
The model, y = x1 + x2, was simulated with 10,000 iterations. In the model, x1 has a positive effect on
y (coefficient values x1 = 1, vertical dashed line in the figure). The parameter x2 is collinear with x1,
and the degree of the collinearity was simulated as moderate (r = 0.5) or strong (r = 0.9) correlation. The
distributions of coefficient values for x1 and x2 are shown in Figures A and B, respectively. Discuss
how are the coefficient values of x1 and x2 estimated, and what problems occur for the estimation in
each simulation of Figures A and B.

Predictor Correlation

A r=0.5 B r=0.9
] 1
| |
34 | 1
1 |
1 1
1 1 )
2 21 ] 1 Predictor
2 1 1 x1
3 1 1 ixZ
| |
14 1 1
1 |
1 |
1 1
0- 1 / 1

25 0.0 25 5.0 25 0.0 25 5.0
Coefficient Values

Xl A(r=0.5), B(r=0.9) €7 /L y=x1+x2 % 10,000 Fl#EDRL> I 2L —vavy L RDxl &
x2 D coefficient values D774,

Figure A (r=0.5) and B (r=0.9). Distribution of the coefficient values for x1 and x2 resulted in 10,000
iterations of the model y = x1 + x2.

Source: Harrison, X. A., et al. (2018). A brief introduction to mixed effects modelling and multi-model
inference in ecology. Peer], 6, e4794.
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FIEES (Number): B2

7RV HERBOFMMH I B VT, b L HoEELERKEZ R L. $HEM (White pine
Pinus strobus) ZHE3$ 3 EEB bz, TORIE, ZOEEPfTONLFRDI B, &
A E ThZEKE (A) L, K ZEDEAM (B) 0, sHEMOHEIRIERE DS DWIIIF
BOFREZLEZRL T3, WIRBKEHE OEMRHERZ T L TE D, BEELERMK
EolkBORERBLDETRINT VS, TOR»SHARND Z LIz o0T, LUTORIC
BrilkIwn,

1) A A TIREHERIERE 6 M. £ B Tix 10 FH. OFRMHEDOZEHIEDE
2LoTh, QEAEBOANBA LD IREL, O, QD& HichoEHAL LTE
ZAo6NB T L2BRREIV,

2) SHERNERSE. K910 ECETELIEBT 5% 2RISR A, B OWS T, £
TR OZIZ-200 mn A EF TR LTV S, DI Lh 6, HREEEMMN L SHEERK
DKINEDEE, ZUHBELBZAAZRLICDVTEZ OGNS I ERHLE IV,

3) LEOERTRINKILEEER. AHOSEOAREREELRET 2 2 L2AML
TEIFMBEEBSLBEL INZGA. EDL)REEZEZTHEL VDY b0 RE2

ZEELDEHTIERR

YRR e X v

*1. 68t L TOKRBZEKERTERY 22 &,
*2: Bl %z b6 B & i, ARRICEREY 2 Wl 4 OBE AR L 7R,

88 ¢ Swank, W.T,, Swift, Jr. L.W., and Douglass, J.E. (1988) Streamflow changes associated with
forest cutting, species conversion, and natural disturbances, p.307 in “Forest Hydrology and Ecology at
8720



Coweeta” edited by Swank and Crossley, Springer-Verlag, New York, USA

In a forested area in the southeastern United States, an experiment was conducted to clearcut an existing
deciduous hardwood forest and plant conifers (White pine: Pinus strobus). The figure below shows the
change in river discharge rate in the catchment within a south-facing slope (A) and in the catchment
within a north-facing slope (B) in the forest where the experiment was conducted, immediately after the
conifers were planted. The river discharge rates represent the annual runoff in terms of water height™,
and they are expressed as the difference from the annual runoff when the forest was a deciduous
hardwood forest. Answer the following questions based on what can be read from this figure.

1) (DIn catchment A, the annual runoff was positive for 6 years after the planting of coniferous
trees, and it was positive for 10 years in catchment B, and (2) the annual runoff in catchment B
was greater than that in A. State the possible reason for (D) and 2.

2) The canopy of coniferous trees closes about 10 years after planting 2, after which the annual
runoff decreases to around —200 mm in both catchment A and B. Based on this, discuss the
differences in water balance between deciduous broadleaf forests and coniferous forests and
the possible mechanisms by which this occurs.

3) Based on the results in the above experiment, state your opinion on what kind of plan should
be made for forest management aimed at preserving the water sources recharge function of

Not shown due to copyright

forests.

*1: Water mass as a volume divided by the catchment area.
*2: The state in which the individual trees have grown to the extent that there are no gaps between
individuals when the canopy is viewed from above.

Source: Swank, W.T., Swift, Jr. L.W., and Douglass, J.E. (1988) Streamflow changes associated with

forest cutting, species conversion, and natural disturbances, p.307 in “Forest Hydrology and Ecology at
Coweeta” edited by Swank and Crossley, Springer-Verlag, New York, USA
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&S (Number): B3

() HARERIC X 2HELVEL 254120 T UTOMEZHWTHHL &3 v,
FHEE © 5 EIGEE, ERHEE)

() MWFELETIE, HRESRICE ZERERB 2 b0, £ OB TIIFE T OIREE
TR BRES 2 GRERFNZERE), DTOXKIE, 7R A7 1 #E
Amphibolurus muricatus [ZE\T, HIVE VABIC K - TIRINREL IC X 2 HEE ~ D2
ZUFE LI L&, SRR CHAE L Mo A JECOBIHRY) (B4 L 7:F %) %
ALTWw3, Ihzedlic, AEICBVTEL TEEBEZ SN L MEREDKRICD
WL RSV, BB, AVEVUEZ DL DIC X 25 - BFENOFEIIMBITE S
bDET 5,

ZFHE L DERTIERR

Source: Warner, D. A. and Shine, R. (2008): The adaptive significance of temperature-dependent sex
determination in a reptile. Nature 451: 566-569.
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(1) Explain the conditions for evolution through natural selection by using the following words:
variation, fitness, genetic drift.

(2) Whereas mammals are characterized by genotypic sex determination, many reptiles are
characterized by temperature-dependent sex determination that determines an individual’s sex by
incubation temperature. The figure below indicates the lifetime reproductive success (number of
offspring produced) of males and females of an agamid lizard Amphibolurus muricatus developed
in each incubation temperature when thermal effects on sex determination was blocked by
hormonal manipulation. Discuss the sex determination pattern assumed to be evolved in this
species. Assume that hormonal manipulation itself has negligible effects on their reproduction and
survival.

Not shown due to copyright

Source: Warner, D. A. and Shine. R. (2008): The adaptive significance of temperature-dependent sex
determination in a reptile. Nature 451: 566—569.
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&S (Number): B4

PUT ORWIZE 2 75 3w,
Answer the following questions.

() BELRABROMEY-HRHPARICE T, MYPHEEZIC L > TN 4 v ZDHRDI D
TR 2 D%, ZOWEPLEL DA AZALIOVTIHE ARSI v,
In terrestrial plant-herbivore relationship, give an example of the influence of herbivores on plants
other than direct loss of biomass, and discuss the mechanism by which this influence occurs.

() Be EARERONY-HFLEBIR IOV T, LT ORWIZE R B S\,
Answer the following questions about terrestrial plant-mammal relationship.
. YA OITE S A 213 2 BRI DB 2 2 O%TF, ZNZHITOVRTZD
Mg 2 b 72 6 THFABOMD 2 I FERZ 1 DT OBTF 4RI v,
List two examples of relationships in which plants benefit from the mammals, name one
mammalian species or taxon that benefits from each of the relationship.

2 1 TEIFE 2 OB 2 B Ic 0BT, iE L OWRLIEAN 2 Pl S0
Ladw,
Describe the benefits that each plant and mammal derives from the relationships listed in 1.

12 / 20



835 (Number): B5

Al A

LUF D GH 6 4 28R L TIRE L 2 3 v,

Select and answer four of the following questions.

(1

@

€)

“)

®)

(6)

o MERAICE T 5, PORMEMMIEE & 13 ED X9 Z2EREADFHPI L 22 3 v,

Explain what “marine-amphidromous” is in the migratory patterns of fish.

VIR L 3D, 3 DDV RV ZZBIFRNSFHL LI v,

Explain what biodiversity is, by including the three levels.

BB DNA &3 filh, FRRBAYHEICE L TED X ) ITTEH SN T 203 L 7%
S\,

Explain what environmental DNA is and how it is used in macroorganism investigations.

HARICE T 28 2 2 D%, Z2h o SR ICRERN 2RO (X 72i3EH4)
Z12O9D2FIT RS,

List two examples of forest zone (or biome/ecoregion) in Japan, and then give an example of tree
species (or genus) representative for each forest zone (or biome/ecoregion).

PIZE T MICE T AR (MNZEE) Ok L . ZDHNZ BRI v,
Describe the method of scaling explanatory variables (independent variables) in linear models and
its purpose.

MIGIRGETVICE T2 7 ¥ 5 LRI OB THI L & S v,
Explain the concept of random effects in linear mixed-effects models.
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&S (Number): D1

SREICNT2H2DL PV TV A (resilience) "OREKAFHL, ZN2HD 57 DICHHE
AN RN

Explain the meaning of “social resilience to disasters” and illustrate crucial countermeasures to
improve it.

&S (Number): D2

RDOREDEERD (x,x,)=1,1) £ 2 X9 % a D% KD X,

Find the range of a such that the optimal solution to the following problem is (x;,x,) = (L1) .

maxalogx, +(1-a)logx,
subject to
2x, +x, <3
X +x, <2

x,20,x,>20

&S (Number): D3

"B EfRukDESE ) L3 E I V) T e, BENAREZ . ZHITTEHRE LI 0,
What is cooperation between disaster risk reduction and welfare service? Discuss this concept by
giving a few concrete examples.

&S (Number): D4

WY - 5 7 MU BT 5 I > L I A B . S P TR L A b,
Discuss the current problems of Nankai Trough Earthquake Extra Information by giving a few
concrete examples.
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FCommon operational picture; %, ISO 22320 (Security and resilience — Emergency management
— Guidelines for incident management: 2018)(Z ¥\ >C, Prerequisites for achieving coordination
and cooperation] ZEERT % 1 DDEF L L TRIN TS, "Common operational picture
DEEHICOWT, =, ZORBFIEIERL LI,

“Common operational picture” is presented as one of the elements of the “Prerequisites for achieving
coordination and cooperation” in ISO 22320 (Security and resilience - Emergency management -
Guidelines for incident management: 2018). Discuss the importance of the “common operational
picture” with a few concrete examples.

BEES (Number): D6

XiZ, ISO 19123 (Geographic information — Schema for coverage geometry and functions: 2005)
81} % TCV _DiscreteGridPointCoverage ;] @ UML XIC&H 5. Z DXIcB#ET 2L T OMHGEZ#
LRI,

(1) CV _Grid

(2) CV_GridValueMatrix

(3) CV_GridPointValuePair
% 7z, TCV DiscreteGridPointCoverage; TR I 115 EERIDHIZ R L, ZDT —FE&EICDOW
THAL LI,

Z{Fte L DBHTIHERT

157 20



This figure shows the UML diagrams of “CV_DiscreteGridPointCoverage™ in ISO 19123 document
(Geographic information — Schema for coverage geometry and functions: 2005). Explain the following
items in the figure.

(1) CV _Grid

(2) CV_GridValueMatrix

(3) CV_GridPointValuePair
Also, show an example of a thematic diagram shown in "CV_DiscreteGridPointCoverage" and explain
its data structure.

Not shown due to copyright
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&S (Number): M1

g IC B 1) 2 EREROIE 2 HIT 2 721, i L EEEREHELESEEI N TVL 5,
RGO L EMEILAT 200k > T, EINAHERIIAEL S, HHRILGICBRT 2
DT oftia (HEE) 22w T, de &L ) RifR2EAGT 27200000250 T, i
RICHIHE X,

1) EMR (Electronic Medical Records)

2) EHR (Electronic Health Records)

3) PHR (Personal Health Records)

Many medical information collaboration platforms have been established to conduct medical
information sharing. Obviouly, the shared information is diffent depending on with whom the
information is shared. Briefly explain the following platforms (terms) related to information
collaboration including the perspective of with whom and what information is shared.

1) EMR (Electronic Medical Records)

2) EHR (Electronic Health Records)

3) PHR (Personal Health Records)

&S (Number): M2

TRED AN VURE A A CT/INEER 1 L F TEZ R S0, 2B, 1k(F 12)=1024, IM(X 4")=1024k,
1G(¥ A)=1024M &t T 3,

1) CT HifRix. 16 bit BEFOMERE 512 MBOMBRED HRMR E L THRESINS 2 L%
WV, FHEZED 16bit DT —F %2FL, T ZEML R 0EE, ZOERT—5% DY A
RE 1 A7 A4 AR 72 D] kB(F 134 1) ?

2) ZDEMTHESED 1024 mm % 1 mm R T L 72 CT Hif§ % {477 L 7= DICOM 7
7 A MEIERTH MB (X A4 F) 248, BIRT—21E 1 A7 RBIT1DOD7
7 4L & LT IPEG2000 B A L A[EED DICOM JERTIRAFET % & L., FHEMEIZ 2.5
EL. ZOBRICAINMERSE T 7 7 A VEBICHEIRT—2 L D & 4kB(F a4 MBS
535,

3) HIEL® DICOM 7 7 A VE2ETH¥ T va— RT3 0000502458, %y b7 —
7 DFEFEEEIE 250 Mbps (A 4+ By M) ET B,

4) HIFEEOD CT W7 — % 2% PACS E 2 — 7 IZER SN BEOMIRY 4 X3 kB 2?2 & 8.
PERFE 125%TER L, FHZBIIFBED 3 AOEETHRL., 0T —9% 8y
FTETHDET S,

5) HiEdD CT HiRT—¥ 22Ty 7 vyu— 3323222248, 2y b7 —7
DFENEEIL 250 Mbps (X4 - Ey M) ET 3,
17 / 20



6) HiFLD CT WifR7T—¥ ZHucyyvo—FEFIcky by =2 Hox ) —3 0
T PACS B a—T7ICERNT 2856, BORRTELATA AKEOEH 7L —LL— L
|3 i5e K Cfif FPS(frames per second)?)> ?

Answer each question below by rounding to one decimal place, supposing
1k(kilo)=1024,1M(mega)=1024k,1G(giga)=1024M

1) CT images are usually saved in 16-bit grayscale, 512-by-512 resolution image slices. How many
kB (kilo-bytes) is the size of a slice image data, supposing that each pixel has 16-bit data, and no
data compression is used.

2) How many bytes is the total file size saving torso CT image data, supposing that the craniocaudal
scan length is 1024 mm, the slice interval is 1 mm, each slice is saved as a file in the DICOM
format with JPEG2000 lossless compression, the average compression ratio is 2.5, and the size of
aDICOM fileis4 kB  (kilo-bytes) larger than that of its image data due to additional information?

3) How many seconds does it take to download all of the DICOM files, supposing that the effective
network speed is 250 Mbps (megabit-per-second)?

4) How many bytes is the image data size of a slice of the CT image shown in a PACS viewer,
supposing that the magnification rate is 125 %, each pixel has 3 color components (red, green, and
blue), and each RGB component has 8 bits?

5) How many seconds does it take to download all of the CT image data of the 1024 slices, supposing
that the effective network speed is 250 Mbps (megabit-per-second)?

6) How much is the maximum frame rate per second in FPS (frames per second) if the CT image is

shown in a PACS viewer by streaming via the network, instead of previously downloading the
image data to the local machine?
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&S (Number): M3

1. A LER & 1372120 2 i B 3 X,

2. YU TV ITHEEE fs £ T2 L E 52 2 A EWERN?

3. EEARLERZ R 7 S R WEEBTEAR 2T L&, (1) ED L) RBRPBII N
L200?2F7 (2) ZOWHRELRAEERNL?2 X512, (3) ZOHROFEAEZFIIT % FiEIC
DWTIER X,

1. Briefly explain the term “sampling theorem.”
2. Answer how fs/2 is called, when fs is sampling frequency.
3. If the sampling frequency does not fulfill the sampling theorem, answer the following questions.
(1) What phenomenon is observed ? (2) What is the phenomenon called ? (3) How can this phenomenon
be avoided ?

&S (Number): M4

HEEEHIR IR I MR RE A A D 72 58 TR ARG 12 L HE -0 (Continuous Positive Airway Pressure, CPAP)

HEDH 5, BEOBEDPS CPAP TN ADT =¥ 2L L, W3 2% %2507 585

HArET 5,

T — & gt 2 WYNCFENE T % 72 D125 % [T 5 RXREHIE% | completeness (58414:) . coherence
(—HM:). correctness (IEMEME). accountability GEEFFIEEME) @ 4 DO 6 ZNF

LI,

Continuous Positive Airway Pressure (CPAP) therapy is a home treatment for sleep apnea. Assuming
the situation in which you plan an experiment to collect CPAP data from multiple patients for data
analysis. Please describe what you should pay attention to for appropriate data analysis from the
following four perspectives: completeness, coherence, correctness, and accountability.
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&S (Number): M5

RSA BEFZZ L T OFIHTIER I 1 5,

W 2F M p,qroEEZiHEHL. n &7 5,
o(n) = (p-(q-HZEEIHET 3,

o(n) & A WIZHE LB e 2I1ES,

ed=1 (mod o(n)) %72 T4 d Z KD %,

CORf, ne ZAFARE L TR 2, d 2WEH L L TIERBH L § 5,

N7 1
H7

iz, 2—F{LL 723FFIM IR LT, C=M"emodn Z5IH T 5% Z & THia1k L 7248

C#f85%, ek, M=Crdmodn Tf5 %,
2F D, B LI X o> T W, BELIEWERIC L > TiThbir s,

1)
2)
3)

N n, e ZRFALTH, FEHPWER I 2B 2 EVBTERVHEAZEZ XL,
GG n=35, e=5 D, W& d 2k, ROWGFLIN/% 10 2 5L X,
HLHFBHNOERS 2T 2%, W2y VT —IDSDARET 7R ADOF5120DF
HBELT, 774774V (BikEE) ZHBROIRICHERET 5 2 L TEHET LD
BT D, 7272, BTk, 2D7 74 774 —VERBET ZHEFETIE, NS
Varparyya—=5874 )V ARG Y A N—BEOEME L o NiZF Y] 51
BRADRH 2 EEZEZ 6T, fMfNE LD EREICSF 272017 Tw i Hikit
¥ 2V 74 WRDFIRIZ O TR K,

An RSA cipher is created by the following procedure.
Calculate the product of different primes p and q and call it n.
Calculate ¢(n) = (p-1)(g-1).

Choose a number e relatively prime to ¢(n).

Find an integer d such that ed = 1 (mod ¢(n)).

At this time, n and e are published as public keys. Let d be private as a private key.

Encryption takes an encoded string M and obtains an encrypted number C by computing C=M"e mod
n. Composite is obtained with M = C*d mod n.

That is, encryption is done with the public key and decryption is done with the private key.

1)
2)

3)

Explain why a third party cannot obtain the private key d, even if the public keys n and e are made
public.

When the public key is n=35 and e=5, find the private key d and decrypt the following encrypted
number 10.

As a method for protecting an information system within an organization from unauthorized access
from an external network, it is common to build a firewall on the outer shell of the organization.
Recently, however, it is believed that building a firewall has limitations in protecting the internal
environment from computer virus infection of internal computers and the increasing sophistication of
cyberattacks. Describe new security measures that are being implemented to protect the organization
more strongly.
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