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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
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Mathematics

Please answer both problems I and II. Use a separate answer sheet for each problem.
Let R be the set of all real numbers in what follows.

I. Let M(n,R) be the set of all n x n real matrices and E3 € M (3,R) be the 3 x 3 identity
matrix. Suppose that A € M(3,R) is given by

0 1/vV2 1/V2
A= -1 0 0],
0 —-1/vV2 1/V/2
and that the transpose of A is denoted by 4. Answer the following questions (1)—(6).

Find A#.
Find %4 A.

1
2

3) Find the inverse matrix A~! of A.

(1)
(2)
(3)
(4)

4) Find all the eigenvalues of A X, including repeated eigenvalues, where X €
M(3,R) is given by

Define the following two sets:
OB)={XeMB,R) | XX =XX=F3}, G4={AXA| X €03}

(5) Show that Y € O(3) if Y € G 4.
(6) Show that Y € G4 if Y € O(3).



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

(1) Answer the following questions.
Define the function f : [-1,1] — R by f(z) = 1(Sin'z)% Here, Sin "'z de-
notes the inverse sine function (or the arcsine function, arcsin z), and it satisfies

(Sin~'z) =1/V1—-22 (-1 <z <1).

(i) Show that f(z) satisfies the following equation.
(1= 22)f"(z) - af () = 1.
(ii) Find the real numbers ag, a1, az, ag and a4, that satisfy the following formula.
f(x) = ap + a1z + agx? + azz® + asz* + R(z),

where R(z) = o(z%), i.e., lim; o R(x)/z* = 0.

(iii) Find the values of f(2029(0) and £(2925)(0). The following fomula can be used
without proof. For an arbitrary natural number n and n-times differentiable
functions f and g, we have

(f(@)g(@)™ = WCrf "M (@)g™ (2).
k=0

Here, ,C} = ﬁlk),, fO(z) = f(z) and f(™(z) denotes the n-th derivative
of the function f(z).

(2) Define D = {(z,y) | 2% + y* < 1}. Consider calculating the integral over D by
changing the variables to x = rcos and y = rsin .

(a) Find the appropriate range of r and 6 when (x,y) varies over D, and calculate
the following absolute value of the Jacobian.

(b) Prove that

lim z2logx =0,
z—07t

where the limit is from above.

(c) Calculate the following double integrals.

1) / /D log(z? + y*)dady,  2) / /D (222 + 3y?)dxdy.
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Microeconomics

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

I. Consumer A has the following utility function:
Uw) = w, (*)
where w is his/her wealth. Answer questions (1) — (3) below.

(1) Suppose that Consumer A initially has 0 yen. Suppose also that Consumer A
earns a wealth of 250, 000 yen with probability % and a wealth of 160, 000 yen with
probability %

(1-1) What is the expected value of wealth for Consumer A?

(1-2) What is the expected utility of Consumer A?

(1-3) Is the expected utility in question (1-2) is larger or smaller than the utility
he/she has when he/she receives expected value of wealth in question (1-1)
with probability 17 Explain the reason for your answer.

(2) If Consumer B has the following utility function, is he/she risk averse, risk neutral,
or a risk lover? Explain the reason for your answer.

(2-1) U(w) = 3w
(2-2) U(w) = 3u?
(2:3) U(w) = 3w?
(2-4) U(w) =100 — 2%

(3) Suppose that Consumer C currently has 2,000,000 yen of wealth and is considering
investing some amount z in a risky asset in the stock market. This asset earns a
return of plus 80 percent with probability % and a return of minus 80 percent with

probability % We earn no interest on money. Consumer C' has the utility function
of (*), and maximizes his/her expected utility.

(3-1) What is the optimal amount for Consumer C' to invest in this risky asset in
the stock market?

(3-2) Suppose now that the government taxes the returns of this risky asset in the
stock market (subsidies if the returns are negative) at rate of 50 percent. What
is the optimal amount for Consumer C' to invest in this risky asset in the stock
market? Show your derivation.

(3-3) Suppose now that the government taxes the returns of this risky asset in the
stock market at rate of 12.5 percent (no subsidy if the returns are negative).
What is the optimal amount for Consumer C' to invest in this risky asset in

the stock market? Show your derivation.



II. Answer the following questions.

(1) We consider a market where firms 1 and 2 produce a homogeneous good. Both
firms have a marginal cost ¢ with 10000 > ¢ > 0 and no fixed costs. The market
inverse demand function is given by P = 10000 — ), where ) represents the total
quantity produced in the market, and P denotes the price of the good.

(1-1) Suppose that each firm simultaneously chooses its own production level g; > 0
(1 = 1,2) (the market is so-called Cournot competition). Show the profit
function of each firm in this market.

(1-2) Show the unique Nash equilibrium of the market in question (1-1), including
the steps to derive the equilibrium.

(1-3) Suppose that each firm simultaneously chooses the price p; > 0 (i = 1,2).
Suppose also that the firm that chooses a lower price takes the whole market
demand if firms choose different prices. In case two firms choose the same
price, they share the market demand equally (the market is so-called Bertrand
competition). Show the profit function of each firm in this market.

(1-4) Show the unique Nash equilibrium of the market in question (1-3), including
the steps to derive the equilibrium.

(2) We consider the Hotelling’s location model. This game proceeds as follows. Sup-
pose that consumers are uniformly distributed on [0, 1]. Each of n firms simultane-
ously chooses a location in the unit interval [0, 1]. Then, each consumer purchases a
unit of good from the nearest firm. In case several firms choose the identical point,
they equally share the sales. We assume that each firm’s payoff is represented by
the firm’s market share.

%, %) is a Nash equilib-

rium. Moreover, show that any strategy profile, except for (%, %), is not a

(2-1) Suppose that n = 2. Show that the strategy profile (

Nash equilibrium.

(2-2) Suppose that n = 3. Show that the strategy profile (%, %, %) is not a Nash
equilibrium.
(2-3) Suppose that n = 4. Show that the strategy profile (%, %, %, %) is a Nash

equilibrium.
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Urban and Regional Planning

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

each problem.

I. Answer the following questions (1) — (3) regarding the legal system and terminology related to

urban planning.

(1) Answer the following questions (1.1) — (1.2) regarding the land use planning system in Japan.
(1.1) Figure 1 shows the area breakdown of Japan's national land area by land use planning
designation. Select the corresponding terms for (a) to (f) from List (A) below.
(Sample answer: (a) xxx, (b) yyy, ...)
List (A)

Urbanization Promotion Area, Divided Area, Land Use Zone, Non-divided Area,

Urbanization Control Area, City Planning Area

National Land Area —— OQutsideof (_a )
37.80million ha [27.51million ha, 73%)]

(a )[10.28 million ha, 27%]

( b ) [5.22 million ha] ( ¢ ) [5.07 million ha]

(d) ( ) o
1.45 million ha, € [187 million ha]

<28%>

(f)
3.76 million ha,
<72%>

(As of March 31, 2022)
(Source: Ministry of Land, Infrastructure, Transport and Tourism, partially revised)

Figure 1.

(1.2) Referring to Figure 1, select one specific issue related to designated areas for land use

planning in Japan and explain it in 10-15 lines.



(2) Figure 2 shows the structure of the city planning system in Japan. Select the corresponding
terms for (a) to (h) from the List (B) below. (Sample answer: (a) xxx, (b) yyy, ...)
List (B)

Urban Facility, Agricultural Promotion Area, Neighborhood Unit, District Plan, Small Hub,
City Planning Area, Difficult-to-return Zone, Area Division, Nature Conservation Area,
Building Agreement, Land Use Zone, Land Improvement Project, Residential Induction Area,

Land Readjustment Project, Quasi-City Planning Area, Flood Prone Area, Zones and District

(a) (b) 1
1
Master Plan for City Planning Area (improvement, development and
conservation policies for a City Planning Area by the Prefectural government)

|
(c)
< Policy for Urban Redevelopment etc.
JRTP Fopepeepepepe T .
: Municipal Master Plan (basic policy of City Planning by the Municipality) 1
4 Land Use ) Grban Developmerb
Regulations ( ) Projects
(d)

( ¢ ) ~ Roads ( )
Special Green Space ~  Parks and Green Spaces b ¢ devel
Conservation Districts - Sewerage Uf an Redevelopment
Special Historic Natural T e Project

K Features Conservation Zones BEEEEERE

( h )

(Source: Ministry of Land, Infrastructure, Transport and Tourism, partially revised)

<«
<
<9

Figure 2.

(3) The followings are recent topics that have attracted attention in the field of urban planning in
Japan. For each, give 1) an outline of the term, 2) the social background that has led to its
recent attention, and 3) its significance in urban and regional planning, briefly.

a)  Park-PFI (Private Finance Initiative)
b)  Tactical Urbanism

¢)  Cultural Landscape

d)  15-minute city



II. Answer the following questions (1) — (2) regarding traffic congestion problems.

(D

@

Discuss the following road transportation policies.

(1.1) Expanding road capacities, such as building new roads, may not necessarily alleviate
traffic congestion in the long term. Explain its reasons.

(1.2) Give one example of Transportation Demand Management (TDM) among the measures

to alleviate traffic congestion. Explain the example and point out its challenges.

Consider a single-lane road with no diverge/merge points but a bottleneck with a traffic
capacity of 1500 [veh/h]. Suppose that vehicles uniformly arrive at this bottleneck from its

upstream with the following traffic flow rates:

time 1 <0 : 1000 [veh/h]
time 0<¢<3: 2000 [veh/h]
time 3 <t : 1000 [veh/h]

% unit of time: hour

Under this setting, answer the following questions (2.1) — (2.3). Note that First-In-First-Out is

assumed to hold during traffic congestion, and the physical length of the traffic congestion

(queue) should be ignored.

(2.1) Find the time when the traffic congestion starts (T;), the time when the maximum
number of queueing vehicles is reached (T;), and the time when the traffic congestion
dissipates (7).

(2.2) Draw a graph of the time delay change due to traffic congestion with the vehicle
bottleneck arrival time on the horizontal axis and the time delay on the vertical axis.

(2.3) Calculate the total time delay of all vehicles.



III. Throughout the world, the tourism industry is recognized as an important element of economic

development. However, in recent years, the rapid increase in the number of tourists in certain

regions and cities has been causing various problems. Answer the following questions (1) — (3).

(1

@

)

Define or describe the concept of the following terms.
(1.1) Overtourism

(1.2) Positive externality and negative externality

Describe the short-term and long-term impacts that Overtourism has on the regional economy,

taking into account both its positive and negative externalities.

Answer the following questions (3.1) — (3.2) regarding way to mitigate the impact of

Overtourism and achieve sustainable tourism.

(3.1) State the name of the tax to internalize negative externalities. Then, explain how this tax
mitigates the effects of Overtourism through its mechanism.

(3.2) Consider a method to disperse tourists by introducing subsidies. What is a possible way
to use such subsidies? Describe the content and the effects on temporal and spatial

dispersion.
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