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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

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

In what follows, let R be the set of all real numbers.

I. Consider the following 3 x 3 real symmetric matrix A with a real parameter a € R.

a -1 -1
A=| -1 a -1
-1 -1 a

Answer the following questions (1)-(6). Note that express an identity matrix as .

(1)

(2)

At least one eigenvalue of the matrix A is 0. This condition implies that the rank
of A is less than or equal to 2. Explain the reason for this.

Under the condition of question (1), find the value of a. Note that there are two
possible values for a, one of which is 2.

In the following, consider the case a = 2 in the matrix A.

(3)

(4)

()

Find three eigenvalues A1, A2, and A3 of the matrix A (some of them can be re-
peated), where A\; < Ay < As.

Let v, vo, and vg be eigenvectors corresponding to the eigenvalues Aq, Ao, and g,
respectively. Find vectors vi, vy, and vs.

Express the kernel space (zero space) and the image space of the linear transforma-
tion f(x) = Ax in the linear space R?, respectively, using the eigenvectors v1, va,
and vj of question (4).

Let us define a new 3 x 3 real symmetric matrix as P = /\%’A. The matrix P is an
“orthogonal projection matrix” which maps a vector x € R3 to the closest point
in a subspace U; and, by definition, Px = x holds for a vector x € U in this
subspace.

Express the subspace U using the eigenvectors found in question (4). Also,
find an orthogonal projection matrix B onto the orthogonal complement of the
subspace U.



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

(1) Define f(z) = sinz. Here, f((z) (n = 1,2,...) denotes the n-th derivative of
().

Answer the following subquestions.

(a) Find the following values.
i) fe0), i) feM0),  n=1.2,..

(b) Find the values of the following limits.

_ _ 3
i) lim 2 J;(x), i) lim 1) ”“"5“” /6
x—0 x x—0 X
- 3/6 — 2P /12
i) Tim 1@ x+x7/6 z°/120
x—0 x

(2) The sequence of real functions f,(z) (n =1,2,...) is defined as follows.

fl(x):{ Ae M >0

0 otherwise

Forn=2,3,...,

0 otherwise

fnl(z) = { I faci@ =) fily)dy x>0

Here, A > 0.

Answer the following subquestions.

(a) Find the expression of fa(x) for = > 0.

(b) Find the value of [z fa(z)dx.

(c¢) Find the expression of f3(z) for x > 0.

(d) Find the expression of f,,(z) forx > 0and n=1,2,....
(e) Find the value of [ fn(z)dx for n =1,2,....
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Microeconomics

Answer all problems I-III. Use a separate answer sheet for each problem.

I. Answer the following questions (1) and (2) concerning pure exchange and production

economies.

(1) In a pure exchange economy consisting of two goods and two consumers, consider
the problem of allocating 20 units of good 1 and 10 units of good 2 to two consumers
A and B. Let x} and 2% denote the consumption of goods 1 and 2 by consumer i,
respectively. The following figure shows the Edgeworth box for this economy. In
the figure, I’ denotes the indifference curve of consumer i.

A \,B
< OB
x4
x>B
>
04 x4V

Answer the following questions.

(a) Which of the allocations represented by the points P, R, and S would be
Pareto improvements relative to the allocation represented by the point Q7
Answer with your reasons.

(b) Suppose that the utility function of consumer i is given by u’ = ziz%. In
this case, find the contract curve that represents the set of Pareto efficient
allocations.



(2) Consider a production economy consisting of two goods, two consumers, and one
firm. The utility functions of consumers A and B are given by

ut =2 (mf‘)2x§4, ub = 43:113 (1:2B)2 ,

where x} and x% denote the consumption of goods 1 and 2 by consumer i, respec-
tively. Assume u4 > 0 and u® > 0. The initial endowments of goods 1 and 2 for
consumers A and B are

e = (eff ef) = (12,0), P = (P, el) = (18,0),

where e} and e} denote the initial endowment of goods 1 and 2 for consumer i,

respectively. The firm produces good 2 from good 1 using the following production
function: .

9 — 51‘1.
The firm’s profit is assumed to be equally distributed to consumers A and B. The

prices of goods 1 and 2 are p; and po, respectively. Answer the following questions.

(a) When the firm’s profit is 7, answer the budget constraints for consumers A
and B.

(b) Find the profit of the firm in competitive equilibrium.

(¢) Find the consumption of goods 1 and 2 by consumers A and B in competitive
equilibrium.

(d) Find the firm’s demand for good 1 and supply of good 2 in competitive equi-
librium.



II. Answer the following questions (1) to (4).

(1) Provide a definition of a strategic form game. The answer should refer three
elements of a strategic form game.

(2) The following table shows a payoff matrix of a battle of sexes game (a > b > 0)
with player 1 (P1) and player 2 (P2). Point out all Nash equilibria of the game.
b2 Boxing | Ballet
P1
Boxing | (a,b) | (0,0)
Ballet (0,0) | (b,a)

(3) The following figure shows an ultimatum game over one million dollar. In the
ultimatum game, player 1 (P1) first makes a take-it-or-leave-it offer to player 2
(P2). For example, P1 proposes the allocation in which P1 receives z = 0.7 million
dollar while P2 does (1 — ) = 0.3 million dollar. If P2 accepts (A) the offer, the
proposed allocation is implemented. On the other hand, if P2 rejects (R) the offer,
both players receive 0 dollar.

P1

Answer the following questions.

(a) Describe the strategy sets of P1 and P2.

(b) In the ultimatum game, it is known that for any payoff allocation (z,1 — x),
there exists a Nash equilibrium under which the payoff (z,1 — z) is realized.
Prove it.

(c¢) Point out a subgame perfect equilibrium. Then, provide a proof of the sub-
game perfection of it. Moreover, pointing out the payoff allocation under the
subgame perfect equilibrium, discuss about the advantage (or disadvantage)
of proposing role of P1 and the chooser role of P2.



(4) The following figure shows a two-stage ultimatum game. The first round of the
game is same as the ultimatum game described in the question (3). If P2 rejects
the P1’s proposal in the first round, players go to the second round. In the second
round, P2 proposes an allocation in which P1’s assignment is denoted as y. Then,
P1 decides to accept or rejects the proposal. The payoff allocation is discounted
by 0 (0 < § < 1) in the second round.

P1

dy 0
5(1—y) 0

Answer the following questions.

(a) Describe the strategy sets of P1 and P2.
(b) Point out a subgame perfect equilibrium. Then, provide a proof of the subgame

perfection of it.

III. Explain the purpose of the minimum price guarantee policy (i.e., declaring that if the
price is even one yen higher than another store’s price, the price will be reduced to the

same level) in 100 words or less.
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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) on issues related to urban policy.

(M

@

)

Recently, "Compact Plus Network" has been emphasized as an urban policy in Japan. Explain
the background. Then, list at least three expected effects.

How has the spread of COVID-19 changed daily traffic volume and mode of transportation
choices in Japan's metropolitan areas? Also, discuss how it affects the compact plus network
policy.

Considering future social changes, list at least three items of the necessity of the compact plus

network policy.

I1. Answer the following questions (1)-(4) regarding urban diversity.

(M

2
€)

“)

In a book published in 1961, “The Death and Life of Great American Cities,” American writer
and activist Jane Jacobs argued for the importance of diversity in cities, which profoundly
impacted subsequent urban planning. In this urbanism, what kind of urban planning did Jacobs
criticize? In addition, why did she argue for the importance of diversity in cities? Explain this
assertion, using examples from urban planning at that time.

List and outline Jacobs's four conditions for generating urban diversity.

In many developed countries, urban diversity has been increasingly recognized as important in
the inner city. Indicate the problems facing the inner city and discuss the direction that inner city
urban planning should take concerning this concept of urbanism.

Recently, the importance of urban diversity has been recognized in suburban housing estates.
Show the problems in suburban residential areas and discuss the urban planning measures needed

in suburban housing estates in the future while relating them to the ideas of this urbanism.

II1. Answer the following questions (1)-(4) related to environmental assessment.

(1

2

)

There is a method for an environmental assessment called the hedonic approach. Explain the
hedonic approach.

Another method for environmental assessment besides the hedonic approach is called the
Contingent Valuation Method (CVM). Explain the CVM. Briefly describe its advantages and
disadvantages compared to the hedonic approach.

The two figures show scatter plots of the officially assessed land prices provided by the Japanese



government (OALP) in Tokyo and three prefectures (Saitama, Chiba, and Kanagawa) from 1991
to 2010 and predicted concentrations of suspended particulate matter (SPM) or nitrogen oxides
(NOX) at each public location. Following a hedonic approach, explain how people assess the
economic value of air pollutants based on the similarities between the two scatter plots.

(4) Describe your thoughts on why the situation is as shown in the scatter plots, using the terms

"correlation" and "causality".

18
N
18

O0ALP (log scale)
O0ALP (log scale)

20 30 40 50 60 70 20 40 60 80 100 120
SPM annual average concentration ppm NOx annual average concentration ppm

Figure 1: OALP and SPM annual average concentration Figure 2: OALP and NOx annual average concentration

in Tokyo and three prefectures in Tokyo and three prefectures

Note: Data were obtained from the officially assessed land prices provided by the Japanese government (OALP) in
Tokyo and three prefectures (Saitama, Chiba, and Kanagawa) from 1991 to 2010 and air pollution information reported

by the National Institute for Environmental Studies.



