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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 denote the set of all real numbers in what follows.

I. Suppose that a linear transformation f : R?® — R? is defined as follows:

2 4 -1
fl)=14], flwa)=1|6], flvzg)=]| 2|,
2 8 1
with the following three 3-dimensional real vectors:
1 1
v = 2 y Vo = 2 5 V3 =
-1 1 1

Answer the following questions (1)-(10).

2
(1) Represent the vector | 4 | in terms of v;.

—2
)
(2) Find the vector f(| 4 |) by using the result of (1).
—2
1

(3) Represent the vector | 2 | as a linear combination of v; and wvs.
0
1
(4) Find the vector f(| 2 |) by using the result of (3).
0

Show that the vectors v, vo, vs are linearly independent.
Find the inverse of the matrix P whose columns are v1, vs, v3.

Find the representation matrix A of f with respect to the basis v, vs, v3.

characteristic equation of A has no multiple roots.

For the matrix A obtained in (7), show that one of the eigenvalues is 1, and the

(9) For the matrix A obtained in (7), find one eigenvector u; corresponding to the

eigenvalue 1, and show that the one-dimensional subspace spanned by w; is an

invariant subspace of the linear transformation f. Here, a subspace is said to be

invariant if, for every vector w in the subspace, f(u) also belongs to the same

subspace.

(10) For the matrix A obtained in (7), find the dimensions of the kernel and image of

the linear transformation determined by the matrix A — E:
g:R®* = R3 g(z)= (A - E)z,

where E' is the identity matrix.



II. Consider the function f : R? — R given by
floy)=e eV
Answer the following questions (1) and (2).

(1) Verify the existence of extrema of f in the following steps.

(a) For an arbitrary point (p,q) € R?, compute the first-order partial derivatives of
fz,y):
fe.@),  fy(p,q).
(b) Find all points (p,q) € R? that satisfy f.(p,q) = f,(p,q) = 0.

(c) For an arbitrary point (p,q) € R?, compute the second-order partial derivatives of
fz,y):
fa:r(paQ)7 fmy<p>Q)7 fyy(pa(I)-

(d) For each point (p,q) obtained in (b), determine whether it is
(i) a local minimum, (i) a local maximum, or (iii) neither,

and give reasons for your conclusion.

(2) Consider the improper double integral of f over R?:

//R2 f(z,y) dz dy. (P)

For any positive integer n, define the set
Dy = {(z,y) | [z <n, ly| <n}.

Then, its limit Jo2 | D, is R? and Dy C Dy C --- C D, C --- C R? is an increasing
family of closed regions of R?. Verify the existence of the improper double integral (P)
in the following steps.

n 777’1,2

(a) Show that the inequality / et < 627 holds for any positive integer m sat-
m

. . m
isfying m <mn.

1 " "1
(Hint: Let u = 5 and v =—e' in / e dt = / % (2t e*tg) dt. )

m m

(b) Define a,, = / e~ dt. Show that the sequence {an}>2 is bounded above.
0

n—oo

(c) Based on the above results, determine whether the limit lim / flz,y)dxdy
Dn,
exists, and give reasons for your conclusion.

(d) Based on the above results, determine whether the improper double integral (P)

of the function f(x,y) exists, and give reasons for your conclusion.
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Microeconomics

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

I. A firm is a monopolistic producer of good X. The firm’s cost function is given by

c(z) = 60z + 500,

where x is the quantity of good X produced. On the other hand, the market demand

function for good X is given by

d =120 — p,

where d and p denote the quantity demanded and the price of good X, respectively.

Answer the following questions.

(1)

(2)

(3)

(4)

Find the marginal cost and the average cost at the given quantity of production,
x.

Find the quantity produced and the price of good X in market equilibrium (here-
after, the monopoly equilibrium) when the firm is pursuing profit maximization.

Find the consumer surplus, producer surplus, and total surplus in the monopoly
equilibrium.

Suppose that the government imposes a marginal cost price regulation on the
firm, setting prices equal to marginal costs. Find how much the total surplus
changes compared to the monopoly-equilibrium case. Assume that, other things
being equal, the firm wants to produce as much as possible.

Suppose that the government imposes an average cost price regulation on the
firm, setting prices equal to average costs. Find how much the total surplus
changes compared to the monopoly-equilibrium case. Assume that, other things
being equal, the firm wants to produce as much as possible.

What are the advantages and disadvantages of implementing the marginal and

average cost price regulations in this market? Explain for each regulation.

Suppose that the marginal cost increases by 10 from the initial level in Question
(1) due to a sharp increase in the price of raw materials. Find how much of
this increase in the marginal cost is passed through to the price in the monopoly
equilibrium.



IT.

Suppose that there are two firms (producers) that engage in production activities
using common goods. Suppose also that the total amount of the common goods
available is R > 0 units. Each producer ¢ € {1, 2} simultaneously chooses the amount
of the common goods it uses, denoted as r;, within the range 0 < r; < R. Once a
strategy profile (r1,79) is fixed, each producer i € {1,2} obtains a payoff consisting
of two parts: a payoff of %log(n) from the production activity using the common
goods, and an additional payoff of log(R — r; — r3) from the common goods that
remain unused. That is, the payoff of each producer i € {1,2} is given by v;(r1,79) =
log(r;) +log(R — 1 — 15). We assume that a strategy profile (r1,75) is feasible only
if 11 + 79 < R. In other words, when r; + ro > R, both producers receive a payoff of

negative infinity: vy(ry,re) = vo(ry, r2) = —oc.

(1) Common goods are characterized as goods that satisfy both | (A) | of con-

sumption and| (B) |of consumption. Here,| (A) |of consumption refers

to the property of a good such that “when someone increases their consumption
of it, the maximum amount that others can consume decreases.” Choose the
terms that best fit (A) and (B) from the following options (a)—(d), respectively.

(a) the excludability (b) the non-excludability (c) the rivalry (d) the non-rivalry
(2) Explain the meaning of the term that fits | (B) |in Question (1).

(3) Choose the correct expression for producer i’s best response BR;(r;) from the
following options (a)—(d). Here, r; denotes the strategy chosen by the other
producer j.

R—r; R—r;

(a) BRi(rj) = —5~ (b) BRi(r;) = =3~

R—r;
(c) BRi(rj) = —* (d) BRi(rj) = 2(R — 1))

(4) Find all Nash equilibria of this game. That is, calculate all (r},r3}) such that
ri = BRy(r}) and r5 = BRy(r7).

(5) Find the strategy profile (11, 79) that maximizes the social welfare function w(ry, ry) =

v1(71,72) + vo(11,72).

(6) Compare your answers to Questions (4) and (5), and describe what kind of un-
desirable outcome may arise when self-interested economic agents engage in pro-
duction activities using common goods.

(7) Consider the following extensive-form game: Producer 1 moves first by choos-
ing r1, and producer 2 moves second choosing 7y after observing r;. Provide a

subgame perfect equilibrium for this extensive-form game.
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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 . The diagram on the next page illustrates the structure of traditional cities in early modern Japan.

Answer the following questions (1) — (3).

(1) Select the appropriate terms from the terminology list on the next page to fill in the blanks | (a)

to in the following description of this diagram.

Such cities were called | (a) | and | (b) | cities were built throughout the country. In the
diagram, (D indicates the the white area (2) surrounding (D indicates the | (d) [, the
shaded area 3 outside @ indicates the | (¢) | and the area with the concentrated rH marks
indicates the

(D housed the city's representative landmark, , along with residences for the ruling
daimyo and senior retainers. This planning method was called | (h)

@ was home to many , whose residences were surrounded by walls or hedges.
Meanwhile, @ housed the townspeople who supported the city's commerce and industry. The
plots here featured narrow frontages and deep, elongated forms, with the houses built

upon them called machiya.

(2) Since the Meiji period, (D, (2), and 3 have each undergone distinct change leading to their present

state. Describe the general land use changes that occurred and explain the reasons for them.

(3) Some of these cities still preserve a well-maintained historical environment today. What kinds of

urban planning systems exist in Japan to conserve such well-preserved historical environments?

Name three such systems and explain the content of each.



Terminology List

Capital city, Port town, Castle town, 20-30, 200-300, 2,000-3,000, Temple precincts, Grid system,
Castle bailey, Samurai district, Farmland, Secondary residence, Tax-paying land, Merchant and artisan
district, Granted land, Temple district, Temple town, Temple gate town, Palace, Donjon, Roofed
passage, Machiwari, Nawabari, Shirowari, Commoners, Artisans, Samurai, Monks, Circular, Square,

Strip-shaped

0__250] 500|M




II. Answer the following questions (1), (2) regarding the evaluation of public projects.

(1) In a city, a ring road was completed in 2019, and commercial development in Area X along the
road has been progressing. Here, the effect of the ring road on promoting commercial development
is defined as the growth rate of total commercial floor area in 2024 compared to the baseline year

of 2014. This effect for Area X was measured using the following three methods.

Method A: Treating the ring road—induced effect as the growth rate of total commercial floor area
in Area X over 2014-2024, the measured effect was 120%.

Method B: In Area Y, similar to Area X but unaffected by the ring road, the growth rate over 2014—
2024 was 40%. Treating the ring road—induced effect as the difference between Area
X's growth rate under Method A and Area Y's growth rate, the measured effect was
80%.

Method C: The predicted growth rate in Area X over 2014-2024 in the absence of the ring road
was 20%. Treating the ring road—induced effect as the difference in growth rates

between the scenarios with and without the ring road, the measured effect was 100%.

Which of the Methods A, B, and C described above should be adopted as an appropriate
measurement of the ring road’s effect on promoting commercial location? Compare the reasoning

behind Methods A, B, and C, and explain the reasons for your choice.

(2) Consider cost-benefit analysis for evaluating public projects. Let the total evaluation horizon be T
years (t = 0,1,2,...,T). Denote by C; the costs incurred at year t after the base year, and B;

represents the benefits incurred at year t after the base year. Let r be the social discount rate.

(2-1) As representative indicators for evaluating the efficiency of public projects, there are the net
present value (NPV) and the benefit—cost ratio (BCR). Formulate each indicator using the
notation defined above.

(2-2) For an individual project, specify the decision criteria for rational implementation, including
both the NPV and the BCR.

(2-3) When comparing multiple projects, the order of priority may differ depending on whether
the NPV or BCR is employed. Explain why these discrepancies occur.

(2-4) Discuss the limitations inherent in making investment decisions for public projects based

solely on the results of cost—benefit analysis, incorporating your own perspective.



II1. Answer the following questions (1) — (4) regarding quantity regulation and price regulation aimed

at mitigating automobile traffic congestion.

(1) Identify two social losses caused by traffic congestion and explain each as a negative externality.

(2) Explain the mechanisms of quantitative traffic control policies such as traffic restrictions and

license plate restrictions, and discuss their advantages and disadvantages.

(3) London and Singapore have implemented pricing-based systems that charge fees for vehicle access
to specific zones. What is the general term for such a system? Also, explain the advantages and

disadvantages of this system.

(4) Provide a proposal for addressing urban traffic congestion by combining quantity restrictions and
price restrictions. Additionally, explain how the proposed system leverages the strengths of both

quantity and price restrictions while mitigating their respective weaknesses.
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