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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. Let a € R be a constant. Consider the following three 3-dimensional real vectors:

1
vi=|(0], wvoa=1|1], w3
1

Let A = (v vy v3) € R3*3 be the matrix whose column vectors are v1, vo, and vs.

Answer the following questions (1)—(7).

(1)
(2)
(3)
(4)
(5)

(6)

Find all the eigenvalues of matrix A including their multiplicities in the case a = 0.
Find the condition of a such that vy, v9, and v3 are linearly independent.

Find the matrix G = 'AA € R3*3. Here, ‘A denotes the transpose of A.

Find all the eigenvalues of matrix GG including their multiplicities in the case a = 1.

Explain why matrix G is symmetric by representing the component g;; of matrix
G in terms of the vectors v; and v;.
x
Definew = | y | € R? and g = 2v; +yva + zv3 € R3. Express the quadratic form
z

tawGw using the vector q. Here, ‘w denotes the transpose of w.

Find the condition of a such that fwGw > 0 holds for all nonzero vectors w € R3.



II. Consider the function f:R? — R defined by

.%'Zy

fag) =2+ b (z,y) # (0,0),

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

(1) Examine the differentiability of f at the origin (0,0) according to the following

steps.
(a) Compute the partial derivatives f;(0,0) and f,(0,0) at the origin (0,0) using
the following definitions:
h,0) — £(0,0 . 0,k) — £(0,0
0.0 = i LD IO0 g o)y S0 =700
(b) Compute e(h, k) = f(h,k)— f(0,0) — f(0,0)h— f,(0,0)k when (h, k) # (0,0).
(c) For e(h, k) obtained in (b), evaluate the limit
lim el k)
(hk)=(0.0) VA + k2
for each of the following cases:
(i) when k = |h| and h — 0,
(ii) when k = h% and h — 0.
(d) Based on the above results, determine whether f is totally differentiable at

the origin, providing a justification for your conclusion.
Let the region D C R? be defined by

D={(z,y) | 2* +y* < 1}.

We consider evaluating the following double integral by polar coordinate transfor-

//D f(z,y) dz dy, (P)

where the transformation is given by x = rcosf,y = rsinf (r > 0,0 < 6 < 27).

mation:

(a) Find the expression g(r, ) of the function f(x,y) in polar coordinates.
(b) For the function g(r, ) obtained in (a), evaluate the limit
}1_1)1(1) g(r,0).

Here, we assume that, as r approaches 0, 8 is not necessarily fixed at a specific
value, and may vary to take any value in the range 0 < 6 < 27.

(c) Based on the above results, determine whether f is continuous at the origin,
providing a justification for your conclusion.

(d) Compute the Jacobian of the transformation x = rcosf,y = rsin6.

(e) Rewrite the double integral (P) as an double integral in terms of the polar
variables (r, ).

(f) Evaluate the double integral (P) .
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Microeconomics

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

I. A firm produces a good X. The total cost of production depends on the quantity

produced, z, and is given by

1
c(x) = §x2 + z + 10.

On the other hand, a consumer has money in the amount of 50 as initial income
and uses part of it to purchase the good X. The consumer’s utility depends on
both the quantity consumed, z, and the remaining amount of the money in hand,
y, and is given by

u(z,y) = V16x + y.

The firm and the consumer mentioned above are the sole participants in the
market. Assume that the firm and the consumer behave so as to maximize profit
and utility, respectively, under the price p taken as given. Answer the following
questions.

(1) Find the marginal cost and the average variable cost at the given quantity of
production, x.

Show that the firm’s supply function is z = p — 1.

p2

(2)

(3) Show that the consumer’s demand function is z = —.
(4) Find the price and the quantity in market equilibrium.
(5)

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

(6) Consider the case where the government limits the quantity of the good X
traded to the one-fourth of its quantity in market equilibrium. Assume that
the price is determined by the demand function. Find the loss in the total
surplus caused by this regulation.



IT. We consider sealed-bid auctions, where three players bid for an indivisible object.
Sealed-bid auctions are a simultaneous game where players simultaneously choose
their bid. Each player ¢ has a monetary valuation of the object denoted as v; > 0
for ¢+ = 1,2, 3. For simplicity, we assume that v; > vy > v3. All players know both
their own and other players’ monetary valuations.

Each player’s bid is represented by a non-negative real number b;, and we call
the triple (b, bo, b3) a list of bids. We assume that the object goes to the highest
bidder. In case of multiple highest bids, the object goes to the player with the
smallest index among those who submit the highest bid. That is, the winner at the
list of bids (b, by, b3) is the smallest i such that b; = max{by, by, b3}. Answer the
following questions.

(1) Under the first-price auction, the winner pays his/her bid and the others pay
nothing. Choose the alternative that best describes the payoff function of
player i for the first-price auction from the following (a) - (d).

(a) Ui(bhbg,bg) = {

max{vl, Vg, 1)3} — b; if i is the winner at the list of bids (by, b, b3),

0 otherwise.

max{vl Vg Ug} — b; if i is the winner at the list of bids (b1, b, b3),
(b) Ui(b1>b27b3) = { n

—b; otherwise.

(c)

v; — b; if i is the winner at the list of bids (b1, ba, b3),
Ui(b17b27b3) =

otherwise.

v; — b; if i is the winner at the list of bids (b1, ba, b3),
(d) ui(blab%bS) = { ' '

—b; otherwise.

(2) Assume that the monetary valuations of players are given as (v, vq,v3) =
(10,5,4). Assume also that players make the bids (b1, b2, b3) = (0, 10, 8) under
the first-price auction. Calculate the payoff of each player in this situation.

(3) Show that the following statement is true under the first-price auction.

“For any Nash equilibrium, the winner is necessarily player 1.”
(4) Show that the following statement is true under the first-price auction.

“The list of bids (by, by, b) such that by = by = bs :“1?2 is a Nash equilib-
rium.”




(5) Under the second-price auction, the winner pays the highest of the other bids

and the others pay nothing. Choose the alternative that best describes the

payoff function of player i for the second-price auction from the following (a)

- (d).
(a) Ui(bl,bg,bg) = {

V; — MaxX 4 bj if 7 is the winner at the list of bids (b1, ba, b3),

0 otherwise.

U; — Max;x; b; if i is the winner at the list of bids (by, b2, b3),
(b) Ui(b17b27b3) = { ' 7

— MaxX;L; bj otherwise.

v; — max{bl, ba, bg} if 7 is the winner at the list of bids (b1, ba, b3),
(¢)  wi(by,ba,b3) = 0

otherwise.

V; — max{bl, bs, bg} if 7 is the winner at the list of bids (b1, b, b3),
(d) Ui(blab%bi’)) = {

— max{bl, bs, bg} otherwise.

Assume that the monetary valuations of players are given as (vy,vs,v3) =
(10,5,4). Assume also that players make the bids (b1, be, b3) = (3,0, 20) under
the second-price auction. Calculate the payoff of each player in this situation.
Show that the following statement is true under the second-price auction.

“There exists a Nash equilibrium in which player 3 is the winner.”

Show that the following statement is true under the second-price auction.

“The list of bids (by, bg, b3) = (v1,ve, v3) 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. The figure on the next page shows the planning guidelines for a certain suburban residential area
that has been developed in Japan in recent years and for which landscape agreements have been

concluded. Answer the following questions (1) — (3) based on this figure.

(1) Answer the following two questions about Landscape Agreement.

(1.1) Explain what Landscape Agreement is, referring to the law on which it is based, its
purpose, entities that concludes the agreement, and the elements covered by the
agreement.

(1.2) Explain what actions will be taken in the event of a violation of Landscape Agreement,

comparing it to a “District Plan”.

(2) The following sentences describe the planning guideline for this residential area. Select the
appropriate term to be placed in through from the list of terms on the next page.

The green areas in the figure referto | (a) | , the red arrows refer to | (b) |, the thick lines
in blue referto | (c) |, the rectangular outer frames with dashed V inside them refer to | (d) |,
and the houses in yellow referto | (e)

Block A is organized along a northwest-southeast axis and divided into 10 lots. Lots No.15-
No.20, located on the northeast side of , are long and narrow from north to south, while lots
No.21- No.24, located on the southwest side, are almost square in shape. The reason for this
difference in lot shape is formed because the road is located on the northeast side of lots No.16-
No.19, which means that | (a) | and are set apart, and it was necessary to lengthen the
depth of the lot in order to ensure | (g) |for housing. However, since in lots No.15 and No.20,

(h) | has been done and a garbage storage has been installed, the frontage to the road on the

northeast side is small, so the locations of | (a) | and | (d) | partially overlap in No.15, and in

No.20, the location of | (d) | is not designated.
On the other hand, in No.21 to No.24, the houses can be built closer to on the northeast

side of the lot because the road is located on the southwest side, and | (i) | is planned to be wider

on the southwest side. For this reason, | (a) | and | (d) | are specified to be located next to

each other. These houses were designated as | (e¢) | in order to provide sufficient space for | (g)
on the northeast side of the houses.

It is also determined that the northwest or northeast side of the house should be | (¢) | soas



to protect the of the neighboring house. The reason why | (c) | is not specified in No.4,
No.12, and No.15 is that the roads are located on the northwest and northeast sides and don’t need

to be taken into account.

List of Terms

community, privacy, sunlight, ventilation, main yard, secondary yard, main opening direction,
wind direction, windowless wall, walls with or without obscured windows, parking space,
empty space, building area, non-building area, chamfer, corner cut, one-story limited lots,

two-story limited lots, three-story limited lots, back division line, lot division

I

Garbage gtorage area + aargage éﬂ'age area s

AR N

aack Izo
I1a I19 ¢

d

Block A ‘ 0o X

(3) Such suburban residential areas have been developed around Tokyo since the first half of the
20th century, but the residential areas that have already been developed are currently facing
various problems. Suburban residential areas are divided into three categories based on distance
from the city center and the age of development: (a) suburban residential areas built before
World War 11, which are close to the city center; (b) suburban residential areas built during the

high-growth period, which are some distance away; and (c) suburban residential areas built




during the bubble economy, which are extremely far away. Explain what problems are occurring

in each of these areas, including the reasons for the problems.

II. Suppose the demand g for a certain transportation service is expressed by the following equation:
q=0QY) = apPv?,
where p is the price (fare) of service, Y is the income, and «, 5,y are parameters.

Answer the following questions (1) — (4).

(1) Explain what price elasticity of demand is, and then calculate the elasticity € of transportation
demand q with respect to price p.

(2) Express the change in the revenue R = pq = pQ(p,Y) from the transportation service, when
the price is increased by one unit, by using the price elasticity € and transportation demand q.

(3) Answer what condition regarding the price elasticity € of demand will be satisfied for an
increase in the revenue from the transportation by reducing the price (fare) p.

(4) The income elasticity of demand for transportation greatly depends on the trip purpose. List

some trip purposes and explain the difference of their income elasticities.

II1. Answer the following questions (1) — (4) regarding the “Sponge Phenomenon” (the patchy,

hollowing-out state of urban space due to an increase in vacant houses and vacant lots) occurring

in regional cities.

(1) Give two reasons for the advancing “Sponge Phenomenon” of regional cities and explain each

in detail.

(2) Explain the relationship between “Sponge Phenomenon” and suburban urban sprawl in

regional cities, clearly distinguishing between the concepts of the two phenomena.

(3) Give two specific examples of negative externalities caused by the “Sponge Phenomenon” in

regional cities.

(4) Give one specific policy aimed at controlling or mitigating the “Sponge Phenomenon”.

Discuss its content, expected effects, and the difficulties associated with its implementation.
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