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Major Subjects

(1) This package contains problems from the 3 subject areas shown in the following table.
Applicants for the Master’s Program in Policy and Planning Sciences should choose one
subject area to answer. Applicants for the Master’s Program in Service Engineering

should answer the problems in Mathematics.

(2) Write your application number on the top of each answer sheet.

(3) Write the subject area and the problem number (e.g., Mathematics I. ) on the top of
your answer. Use a separate answer sheet for each problem.

Subject Areas

Mathematics

Microeconomics

Urban and Regional Planning




EE

MEI T OWAIZEZ L. MBI 122 OB LEAMZEHE X.
AR TI, EBeEKOESZR T 5.

. aeRETAB. IRDO3DDARILERT NVEEZ B,

1 1 0
1 -1
v = 0 Vo = 1 V3 = o
1 1 0

F72, R My, vg,v3 ZHIRT ML e T 5175% A = (v1,v2,v3) £ T 5.
PAF O (1)-(5) IeBF A L.

(1) RZ MV vy, vg,v3 W—IKML L0 2720D o DERMZRE.
(2) 1751 TAAIZET LT D (a)~(c) DENTNIZDWT, FLlRAIE L WHAE D % B
EEHITER K. 2720, ARTH] A DEEITHITH B.
(a) 155 LAA I AL T RET H 5.
(b) 1151'AA D i 17 jFIEHFEF v, & v; DNKETH 5.
() a=—-1D& &, {75 TAAIZERTIITH 5.
X
B)y=|y|, g=a2v1+yve+2v3 T3 (2,y,2€R). 2IKFA y(lAA)y X~

z

ML g ZFHWTERE.
(4) ¥uRTZ MV TRWMERD y 1220 T iy(fAA)y > 0 L7 55M4% o ZHWTERE.

(5) EVWCELT 3 320 4 YGEFIRY b b wy, wo, wy EEAD. <7 MADEX L
zhzh, |'w1| =3, ‘UJQ’ =5, |w3| =2Th5b. 77, w1, Wwo, W3 ZHIRT NV
L BITHIE B = (w1, wa,ws) L35, 751 BB OEAIEET AT k.

I U (1) BTF(2) ITEZ K.

(1) EBEE f(2)=1/VIitz (z>-1) &35, fM() (n=1,2,...) 1% f(z) D nb
HEKTHD. UTFTOMIZEZ L.

(a) DfEZEZTNTNRD K.
i) fP0) @) fA0) ) f(0)
(b) XD % Kb &.



f(a:l/?’) -1+ %xl/?’
2273

(2) BB g(z) BEATFD LS ITERI NS,

xe—22/2
0

i) lim i7) lim
z—0 z—0

1— %xl/?) + 212/3 _ f(a:l/g)

X

x>0
z <0

UFORIZER K. =720, [ e Pde =21 ZFBZRLTH>TH &\

(a) [T g(x)dz 23K &.

(b) [7 zg(z)dx &K &.

(c) [% aPg(zx)da &R K.
(d) BREn > 112/ LT, pw,

i)

H2an

2 atg(x)de &%, IRDfEZ KD K.

i)

Han+1



Mathematics

Answer both problems I and II. Use a separate answer sheet for each problem.
In what follows, let R denote the set of all real numbers.

I. Let o € R. Consider the following three 4-dimensional real vectors.

1 1 0
1 -1
v = 0 Vo = 1 V3 = o
1 1 0

Let A = (v1,v2,v3) denote a matrix whose column vectors are vy, v2, V3.

Answer the following questions (1)—(5).

(1) Find the condition of « such that the vectors vy, vs,vs are linearly independent.
(2) For each of the following (a)—(c) about the matrix ‘A A, answer whether the state-
ment is correct or not with a reason. Here, ‘A denote the transpose of A.
(a) The matrix 4 A is diagonalizable.
(b) The (i,7)-th element of the matrix YAA is the inner product of v; and v;.
(c) For a = —1, the matrix A4 is a regular matrix.

T
(3) Let y= | y | and ¢ = zv1 + yva + 2zv3 (z,y, 2z € R). Express the quadratic form
z
y('AA)y using the vector q.

(4) Find the condition of « that %y(*AA)y > 0 holds for all nonzero vector y.

(5) Consider three 4-dimensional real column vectors w1, wo, w3 that are mutually or-
thogonal. The norms of these vectors are |wi| = 3, |lwz| = 5, |ws| = 2, respectively.
Let B = (w1, ws, w3) denote a matrix whose column vectors are w1, ws, ws. Find
all eigenvalues of the matrix ‘BB.

II. Answer the following questions (1) and (2).

(1) Define f(z) = 1/V/1+z (z > —1). Let f™(z) (n = 1,2,...) denote the n-th
derivative of f(z).

Answer the following subquestions.

(a) Find the following values.

i) fO0) i) fA0) i) f(0)



(b) Find the values of the following limits.
i) lim f@!?) =14 jath? i) lim —— Lel/3 4 3423 _ f(x/3)
z—0 r2/3 ey .

(2) A real function g(x) is defined as follows.

(2) re~T/2 x>0
€T pr
g 0 <0

Answer the following subquestions. Here, ffooo e~ /24y = V27 can be used with-
out proof.
(a) Find the value of [ g(x)dx.
(b) Find the value of [ zg(z)dx.
(¢) Find the value of [*° 2?g(x)dx.
)

d) For natural number n > 1, define pu, = [~ 2"g(x)dz. Find the following
/J/ oo
values.

i) fi2n ) ont1
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Microeconomics

Answer both problems I and II. Use a separate answer sheet for each problem.

I. There exist two firms, firm A and firm B. Firm A produces y4 units of good 1, and firm B

produces yp units of good 2. The price of good 1 and the price of good 2 are always 90 yen and

100 yen, respectively. The cost function of firm A is Cy = %yi 4+ ya - yp + 100, while the cost

function of firm B is Cp = y% + 100. Note that these cost functions are represented in the unit

of money ‘yen.’

Answer the following questions (1)-(6).

(1)

Assume that firms do not negotiate with each other regarding production. How many units
of good 1 and/or good 2 do firm A and firm B, respectively, produce? What is the profit
level of each firm?

Assume that firms can negotiate with each other regarding production with no transaction
cost. How many units of good 1 and/or good 2 does each firm produce? How is the profit

level of each firm determined?

Explain the reason why the quantities of goods produced differ or are the same in your

answers for questions (1) and (2) with less than 250 words.

What is the optimal level of production for each firm from welfare economics point of view?
Explain the meaning of ‘optimal level of production from welfare economics point of view’

and the reason why your answer is optimal.

The government imposes a tax on the production of good 2. Specifically, a producer is
required to pay t yen per unit of good 2 it produces. Assume that each firm maximizes
its own profit. What is the rate ‘¢’ that the government should impose to maximize the

economic welfare?

Assume that firms can negotiate with each other regarding production with no transaction
cost. For the production of good 2, the government imposes a tax on firm B at the rate of
t yen per unit, and offers a subsidy to firm A at the rate of s yen per unit. What is the

welfare consequence of this policy? Explain your answer. Note that ¢, s > 0.



II. Answer the questions (1)-(9) about an extensive form game, so-called signaling game, which

proceeds in the following three steps.

Step 1: Nature (IV) selects the type of player 1 (P1) from 6; and 6. Let p be the probability
that N selects 6.

Step 2: P1 chooses a signal from s; and ss. Assume that P1 bears the cost of giving the
signal s; depending on P1’s type. The cost is 8 dollars under the type 61, while it is 20
dollars under the type 65.

Step 3: Player 2 (P2) observes P1’s signal and then chooses an action from a; and as.
Depending on the choosen action and P1’s type, the economic value is generated as the

following table shows.

01 (2
a; | 80 dollars 0 dollar
as | 40 dollars | 24 dollars

The generated money goes to P2, while he/she pays P1 according to his/her own action.

P2’s action is a;. — P2 pays 40 dollars to P1.

P2’s action is as. — P2 pays 24 dollars to P1.
Choose a figure from (A)-(D) in the next page that represents the given signaling game.
Answer the payoff pairs that apply to the boxes (a)-(d) in the figure selected in question
(1). In your answer, the left number should repsesent P1’s payoff while the right one should

represent P2’s.

In the following, suppose that p = % Show the strategic form representation of the given
signaling game.

Point out two Bayesian Nash equilibria based on the strategic form game described in
question (3).

Explain the difference between a pooling equilibrium and a separating equilibrium in a

signaling game.

Answer whether the two Bayesian Nash equilibria pointed out in question (4) are a pooling
or separating equilibrium, respectively. The answers should also include reasons. Moreover,

point out a difficulty pertaining to a pooling equilibrium.

What is a system of beliefs, or simply beliefs, in dynamic games of incomplete information?
A Bayesian Nash equilibrium is called a perfect Bayesian equilibrium if there exists a system
of beliefs satisfying certain conditions. What are the conditions?

Answer whether the two Bayesian Nash equilibria pointed out in question (4) are a perfect

Bayesian equilibrium, respectively. The answers should also include reasons.
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Urban and Regional Planning

Choose two problems from the following problems I-III to answer. Use a separate sheet for each

problem.

I.  Answer the following questions (1)-(3) regarding the management and operation of urban parks.

(1) List three functions of urban parks, and explain them.

(2) In recent years, parks are increasingly being managed and operated with the resources
and expertise of private operators. Explain in detail what you think the background is.
In addition, identify a method to allow private operators to enter the management and

explain its details.

(3) City A has decided to involve a private operator in the management and operation of a
district park of about 4 hectares located in the DID district. This park currently has only

a green area (including a natural pond) and some basic playground equipment.
Suppose that a new facility in combination with the existing green area is to be
introduced in this district park by the private operator. Suggest a possible specific use
for this facility and explain why. In addition, identify and explain one issue that should
be considered in the implementation of this facility in terms of its impact on the

neighborhood.



II. Figures 1 to 3 show three urban areas with different characteristics in Japan. Looking at these
figures, answer the following questions (1)-(3) on urban development issues. Note that the

place names are hidden by gray rectangles. All figures are oriented with north at the top.
(1) Discuss how each of the three districts in Figures 1 to 3 was formed as an urban area. In
the discussion include the description the specific development method for District A in

Figure 1, and the name for District B in Figure 2 in the field of city planning.

(2) From the standpoint of a city planning officer in the government, list three specific

problems in city planning that District B in Figure 2 has and explain them.

(3) Discuss, from the residents' point of view, the problems that have arisen or are expected to

arise in the future in District C in Figure 3.

Figure 3: District C

Source: All maps are processed from 1:25,000
topographic maps issued by the Geospatial
Information Authority of Japan

Figure 2: District B



III. Answer the following questions (1)-(5) regarding decarbonization.

(1)

)

€)

(4)

(5)

Describe the objective of decarbonization.

Explain the negative externalities of CO2 emissions.

Explain one issue of equity discussed in the decarbonization process.

State the definition of “Pigouvian tax”. In Addition, answer the general term of the

Pigouvian tax on CO2 emissions.

Discuss why subsidies for nuclear power generation or renewable energy are considered

economically inefficient compared to Pigouvian taxes.
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