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& 1
Problem 1

L HUToMwicEz &,
1. y=3—z+ cosx D—ffiE%E KD X,

2. 23 = -1 %/l TEEK z & TTkD X,
1

3. f xlog(x) dx %iltH 2 X,
0

4. g(x,y) =x3y —xy + 2y? OiRfliz Tk X,

I.  Answer the following questions.
1. Find the general solution for y = z—z + cosx.

2. Find all the complex numbers z that satisfy z3 = —1.

1

3. Calculate f xlog(x) dx.
0

4. Find all the extrema of the function g(x,y) = x3y — xy + 2y2.



1L IERRDSBAE 2 “IROFEIRL 1, 2026 1 DOFREZRIZE TS5 3 200 X7 4 ABC »HY, %
NEND Y AT LTEITHAN &2 L. 7 O@ERBEBIEMRTH 2ERIZFNEF N 0.9, 0.8,
0.7 TH2%, TOLE, AT L AB,C X LT, IEEPHIER —Rod 2 1 DOR#EEZ AT T3
EL BV AT LG 1o oG BRI E N, §F3 o0& RS,
T, SoN3o00MELSEELIC 1 DORIEEZERLE X, ROMWIZE 2z X,
1 B INZRIEBRIEETH DiEERE KD X,
2. BIINAEBAREMTH 2L & ZOEENR Y AT L A ICXBEETHBHERE KD X,
KiT, 5on7z3 20RIEDOHTCEEIRDOEIE % > AT L2KDEE L T2, HlziE, v 2T A4
ABDSEIRL 1.V AT L C PSERB 2 2N L 7258130 AT 28 komIEILLERE 1 &7k 5,
ZDEE, ROMWICEZ X,
3. VAT LRKRDOEIENPRIEMRETH 2MERE2RD X,

4, VAT LALRORIENRRERTHLEE VAT L A ODRERARERTH 2HERE KD X,

RIC, AT I AB,C BZNZNIE L WERB A RIE T 2HED 09, a, «a (0<a<1) TH?
& %\ &@Fﬁﬁb‘ﬂi%i c]:o

5. VAT LAREOEENIEMTH BHERD 099 UL R3 X%, /M w a 2k X,
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1L There are three systems A, B, and C. Each system answers a choice from a question with two choices, 1 and
2, which are clearly correct and incorrect. Each system outputs its answer independently of each other and the
probability that its answer is correct is 0.9, 0.8, and 0.7, respectively. When a single question with two choices,

one correct and one incorrect, was inputted into the systems, one answer was obtained from each system, for a

total of three answers.
First, suppose that one answer is chosen at random from the three answers obtained. Answer the following

questions.
1. Find the probability that the chosen answer is incorrect.
2. When the chosen answer is incorrect, find the probability that the answer is one from the system A.

Next, assume that the majority answer among the three obtained answers is the system-wide answer. For
example, if the systems A and B output the choice 1, and the system C outputs the choice 2, the system-wide

answer is the choice 1. In this case, answer the following question.
3. Find the probability that the system-wide answer is incorrect.
4. When the system-wide answer is incorrect, find the probability that the system A's answer is incorrect.

Then, given that the probabilities that systems A, B, and C answer correctly are 0.9, a,and a@ (0 < a < 1),

respectively. Answer the following question.

5. Find the smallest a such that the probability of the system-wide answer being correct is greater than

or equal to 0.99.



M. MUT oM TS 2 L&, ROFWICEZ X,

d p—
Ex(t) = Ax(t)

x1(8) 0 -1 -3 1
h@),A—(Z 3 3>,ﬁﬂt=oaa565M%@%;am=<1>a
x3(t) -2 1 1 1

1. fTHADEHEEZ T~ Tk X,

2. fTHAZ N ATTAID I X OIERIfTHIPZ FHWTC A=PDP™! DI CHRT L %E2 5%, 2Dk
X, PE12oOKD X,

3. LECoEN M TR DM x(t) R X,

Il. Given the following simultaneous differential equations, answer the following questions:

d
ax(t) = Ax(t),

1
where x(t) =| x2(¢) 2 3 3 ), and the initial value at time t=0 is x(0) = ( 1 )

x1(t) ( 0 -1 -3
, A=
x5(t) 1

-2 1 1
1. Find all the eigenvalues of the matrix A.

2. Consider expressing the matrix A in the form A = PDP~!, using the diagonal matrix D and the

regular matrix P. Find a matrix P.

3. Find the solution x(t) of the above simultaneous differential equations.

(S~ <)
9



V. UFToOROAy F7—=7GICBBNT, &£/ —FIZABCDO3IADAZRL, Z0bxffisTy
VIERANBRY D 5 2 e B2 RT, EEOKANBEFEA Y P —2GICB TS [TRABDTFHE] %X(G)
E9 %, HlziE, X(G)=1Q+2+1)/3=4/3t %%, £/, G KBTI [KADKANEDF ],
ThbbBADBERKANDRKANBAEINEL ZO V% L 572HR2Y(G) & T 5, HlxiE, GicH T,
Y(G)=Q+1+1+2)/4=3/2, 7%,

1. (D A,B,C,D D4 AND»57d %y FT7—27Gl 20T, X(Gy) &Y (Gy)%ZKD X,
G2

2. Nffld /) — F1, NTHERENE2 A Y VT =2 G2 EZ D, %/ —FORNE#ky, -, ky &

T3, GitksiFd [KADKAEDEE] Y(G)IE.

J=1 K
Y(G) = =—=
TN ki
75 Lt b, ZORIV.2 25D, LAETIIN 22003k, >0TH 5 L IRE

—;_60

3.MEEDAY P —2ZICBVWTX(G) SY(Q)Lmb I imt, £72. X(G) =Y (G)DBKILT 5
3y b7 =2 GlEED LS RMEZ b O 2iHE X,

4. 7= FH6 DX(G) = Y(QDHILT 2 Rim 24y b7 — k%, HEOMEMIC 5 OMR

H X, 72720, RURT 24K1E 6 D[RR (60°[HlHin L T H [A—XIE) & 725 b DICRE
35,
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Iv.

In the network G; shown in the figure below, three nodes represent persons A, B, and C respectively, and an
edge connecting them indicates a friendship. Let X(G) be the “average number of friends” in any given
friendship network G. For example, X(G;) = (1+ 2+ 1)/3 = 4/3. Furthermore, let Y(G) represent the
“average number of friends of friends.” This value is calculated by listing the number of friends that each
person's friends have and by taking the average of those values. For example, Y(G;) = (2+1+1+2)/4 =
3/2.

1. Calculate X(G;) and Y(G,) for the network G, consisting of four people: A, B, C, and D.
G2

2. Consider a network G consisting of N nodes named 1,---, N. Let the number of friends of each node
be kq,-, ky. Demonstrate that the average number of friends of friends Y (G) is given by
N 1,2

Yk
Y(G) —_ ]_1 ]
éV:1 ki -

Note that including this question IV. 2, hereafter, N > 2 and YN, k; > 0 are assumed.

3. Prove that X(G) < Y(G) in any network G. Then, explain the characteristics of a network G for
which X(G) =Y (G).

4. Tllustrate 5 different network structures on the designated answer sheet, each of which consists of 6
nodes and satisfies X(G) = Y(G). Each structure must have 6-fold rotational symmetry (the structure
has the same shape if rotated 60°).

(FEHI~FE< )
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il 2

Problem 2

HANCIESR L 725m3C (David Silver, et. al., “Mastering the game of Go with deep neural networks and tree
search”, Nature, Vol. 529, No. 28, pp. 484-490, January 2016) 1Z-D\CLAU T DORREICE 2 X,

Answer the following questions regarding the paper sent to you beforehand (David Silver, et. al., “Mastering the

game of Go with deep neural networks and tree search”, Nature, Vol. 529, No. 28, pp. 484-490, January 2016).

L KRERICOVWTROBIWIZE Z X,

1. REEZR (tree search) & 13— fICE D X H b OHFHE X, (100 FREE)

2. RD 3 DOEMFTHERAZRE-72L Zic, ZOEBEARD ) — FEINE & flH e o,
B, K/ —FP1Oo0REEZRTIDOL L, b, d. iIFERKTHZ LT3,
ZtE1 S RdET 5,
ZtE2 1 Ei(=1,,d)ITB T B FIREED S BREATREIREERDD —i+1TH B, 2771,

b (> d) P VIHAIREED & B ATRE A IRBERL T H 5

M3 PIAREIE 1 oTH B,

I.  Answer the following questions about tree search.

1. What is tree search in general? (Approximately 50 words)

2. When a search tree is created under the following three conditions, express the number of nodes N in
this search tree using the simplest formula. Note that each node represents one state, and b, d, i are
natural numbers.

Condition 1: The depth is d.

Condition 2: The number of states that can be transitioned to from each state at depth i (wherei =
1,--,d) is b—i+ 1. Here, b (> d) is the number of states that can be transitioned to from
the initial state.

Condition 3: There is one initial state.

II. AlphaGo & IZARER L =2 — T4y VT =7 At bEEMTH 5,
1. AlphaGo D ¥ I 2 L — ¥ a VIRDITERERZ R L 2B 2 AKX ok 2 e, 7. 20K
H % SL policy network, value network, rollout policy network & D BEf%% 5% 2 CTatbH¥ X,

(200 FFELE)
2. AlphaGo lZ ED X I =2 — T v v P E AW TRERZZIF L 7220808 X, (150
FREE)
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III.

III.

Iv.

V.

AlphaGo is a technology that combines tree search and deep neural networks.

1. Extract the equation that expresses AlphaGo's action selection during simulation from the paper. Also,
explain the equation in relation to the SL policy network, the value network, and the rollout policy
network. (Approximately 100 words)

2. Explain how AlphaGo uses deep neural networks to enhance the efficiency of tree search.

(Approximately 75 words)

AL TlE, “However, prior work has been limited to shallow policies or value functions based on a linear
combination of input features” (p. 484) L E,LrN T3, INRERDa v a—2ET v ST L
(computer Go programs) D LD X 5 AFHHICR o Tz EHER I NS 2 S XHFOREZ T X T
Had X, (200 FHEE)

According to the paper, authors mentioned that, “However, prior work has been limited to shallow policies or
value functions based on a linear combination of input features.” (p. 484). What would be the weakness of
conventional computer Go programs? Discuss about it based on the result(s) in the paper. (Approximately 100

words)

KA FEE =2 — TNy VT — 2 L RKIERZHABDLEL LT, TA7 7EBABD 7 ol
TR L 72 ki o nwCER L T3, ZoRiE2 -0 L0 H 2HEE (F] 0 EE, 4R,
IAINFE—, @R E) TED LS ICGHTE 25, BEM 2T b X, (400 FFEAE)

This paper describes how AlphaGo beats professional human players by combining deep neural networks and
tree search. Using specific examples, describe how this technology can be applied in the area(s) of your interest

(e.g., healthcare, finance, energy, transportation, etc.). (Approximately 200 words)

(FH~HE <)
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Problem 3

HRTICEST L 725w3C (Eero Vartiainen et al., “Impact of weighted average cost of capital, capital expenditure, and
other parameters on future utility-scale PV levelised cost of electricity”, Progress in Photovoltaics: Research and

Applications Vol. 28, No. 6, pp. 439-453,2020) 1B L T, LU TMoMEICE x X,

Answer the following questions regarding the paper sent to you beforehand (Eero Vartiainen et al., “Impact of
weighted average cost of capital, capital expenditure, and other parameters on future utility-scale PV levelised cost

of electricity”, Progress in Photovoltaics: Research and Applications, Vol. 28, No. 6, pp. 439-453, 2020).

I AXoiiBicF-ovT CAPEX OJ# 2% LR (Learning Rate) DZIFR71 TIXFH L & hin il % 2
2hF X, (#150%F)

I.  Identify two examples where the reduction in CAPEX cannot be explained solely by the effect of LR (Learning
Rate) based on the contents of the paper. (Approximately 25 words)

I &3 p. 448 D FIGURE 9 IC/R T 3 X 9 IZ LCOE AERHIC X o T d % BN % 5N OFd
WhE D LI Lo (77100 )

II. Asshown in FIGURE 9 on p. 448 of the paper, explain the factors that cause LCOE to vary by cities based on
the contents of the paper. (Approximately 50 words)

M. %% KEEEPVREL AT L 70y =7 b (utility-scale PV system project) %% %2 5%, ZD& E4H
WACC & LCOE ZitH# X, 7272 L. Table A IC/R I N2 5MFD b & 2022 FFICERfHEA L. 2023 4,
2024 FF 0 2 ERTERAT 5, FHREIIPUHERLAL UM 2 T E TRTD DL T 5, F2FHEIC Table
B ZHWwWTH X,

II. Consider a utility-scale PV system project. Calculate the nominal WACC and LCOE. Assume that the system
is installed in 2022 under the conditions shown in Table A and operates for two years from 2023 to 2024.

Calculations should be rounded to two decimal places. You may use Table B for your calculation.
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IV. Z#3 2 KGNREL ZHREIM~NBEAT IROEEWEAFOHLAHEL, F0 Xyl d 5
RE D, BEERYEO I > CTHOE 2 b X, (#7250 F)

IV. Describe your thoughts from the standpoint of a policy maker on how the social burden, such as the

introduction of storage batteries, should be shared, when introducing the fluctuating solar power generation

into the power grid. (Approximately 125 words)

Table A Conditions of the PV system project

Value Unit

Year of initial investment 2022

Start year of operation 2023

Years of operation 2 [years]

Total CAPEX of the system 0.52 [€/Wp]

OPEX of the system (2023) 8.16 [€/kWp/year]

OPEX of the system (2024) 7.28 [€/kWp/year]

Annual yield (const.) 1,080 [kWh/kWp/year]

Residual value of the system 80% [of Total CAPEX]

Inverter replacement 0 [times]

Annual degradation 0 [%]

Interest on debt 2.0%

Interest on equity 11.0%

Debt to equity ratio 90/10 [debt / equity]

Corporate tax rate 50%

Inflation rate 2.0%

Table B Calculation matrix
r (1+r) (1+r)? (1+r)? (1+r)*

1.0% 1.010 1.020 1.030 1.041
2.0% 1.020 1.040 1.061 1.082
3.0% 1.030 1.061 1.093 1.126
4.0% 1.040 1.082 1.125 1.170
5.0% 1.050 1.103 1.158 1.216
6.0% 1.060 1.124 1.191 1.262
7.0% 1.070 1.145 1.225 1.311
8.0% 1.080 1.166 1.260 1.360
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