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(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
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Microeconomics
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Mathematics

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(3,R) be the set of all 3 x 3 real matrices. Let A be the 3 x 3 real matrix

3 0 -1
A= 0 2 0
-1 0 3
and define the set C'(A) as follows:
C(A)={X e M(3,R) | AX = X A}.
Answer the following questions (1)-(8).

(1) Find all eigenvalues of the matrix A, including their multiplicities.

(2) Find a pair of an orthogonal matrix P € M(3,R) and a diagonal matrix D €
M (3,R) for which A is diagonalized, that is, P~*AP = D holds.

(3) Using the orthogonal matrix P obtained in question (2) above, define B = P (

o O =
o = O
o O O
\_/
I
—

Show that B € C(A).

For the orthogonal matrix P and the diagonal matrix D obtained in question (2) above,
define the set C'(D) and the function F over C(D) as follows (which gives F' : C(A) —
C(D)):

C(D)={X € M(3,R) | DX = XD}, F(X)=P 'XP,

(4) Show that the function F': C(A) — C(D) is surjective, that is, for any Y € C'(D),
there exists an X € C(A) such that F(X) =Y holds.

(5) Show that the function F' : C(A) — C(D) is injective, that is, for any X, Xy €
C(A), if F(X;) = F(X2) holds then X; = X holds.

(6) Show that the function F': C(A) — C(D) is linear, that is, for any X;, Xo € C(A)
and a € R, F(X; + Xs) = F(X31) + F(X2) and F(aX;) = aF(X1) hold.

(7) Let

Represent the condition of X to be an element of C(D) as a system of equations
of the elements z;; (i,j =1,2,3) in X.

(8) From the results of questions (4)-(7) above, state what can be known about the
dimensions of the two subspaces C'(D) and C(A) of M(3,R).



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

(1) (a) Define a function f: R — R, f(x) = sinz. Find the real numbers ag, a1, a2, as
that satisfy the following formula.

. f(x) —ag — a1z — asx?
lim 3
x—0 €T

= as.

(b) Define a function g : [-1,00) = R, g(x) = v/1+ 2. Find the real numbers
bo, b1, ba, bg that satisfy the following formula.
g(x) — by — byw — box?

lim = bs3.
r—0 (L'3 3

(c) Define a function h : R? — R as follows.

| e (3y) #0,0),
Aany) = { 523 (z,y) = (0,0).

Find the partial derivative h,(z,y) for arbitrary z,y € R.

(2) Define the Gamma function and the Beta function as follows.
I'(a) :/ e T2 ldx, a>0,
0
1
B(a,b) = / 21— ) e, a,b>0.
0

Anwer the following questions.

(a) Prove the following formula.
Bla+1,b) = %B(a, b+ 1).
(b) Prove the following formula.
B(a,b+ 1) = B(a,b) — B(a + 1,b).

(¢) The following formula is established and it can be used without proof.
[(a)T'(b) = / e_xxa_ld:):/ e Yyt tdx
0 0

= // e T Y Ly N dady, a,b> 0.
D

Here, D = {(z,y) | * > 0,y > 0}. In the multiple integral of the right hand
side of this formula, change the variables as © = uv and y = u(1 — v).



i) Find the range of u,v when (z,y) varies within the interior of D, i.e., z > 0
and y > 0, and calculate the following absolute value of the Jacobian.

ii) Prove the following formula.

D

iii) Prove the following formula.

>~ 1 22
/ e z2dr=1.
oo V2T

B(1/2,1/2) = m can be used without proof.
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Microeconomics

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

I. There exist consumers A and B, and goods 1 and 2 in an economy. We assume that
each consumer takes prices of goods as given and attempts to choose the most preferred
bundle of goods that he or she can afford. We denote the amount of good j that
consumer ¢ consumes by z;; = 0 (i € {A, B},j € {1,2}). Consumer i € {A, B} has the
following utility function:

Ua(xa1,x42) = min{dz 41,2242} and Up(zp1,zp2) = .’E231£U4B2.

Let w;; 2 0 (i € {A, B}, j € {1,2}) be the initial endowment of good j for consumer .
Consumer ¢’s initial endowment vector w; = (w;1,w;2) for i € {A, B} is

wa = (90,20) and wp = (30, 160).

A market price for good is denoted by p; =2 0 (j € {1,2}). Answer questions (1) - (7)
as below.

(1) What is consumer i’s (i € {4, B}) demand function for good j € {1,2}?
(2) What is the excess demand function for good j € {1,2} in this economy as a whole?

(3) What is the price ratio between good 1 and good 2, that is, %, in the competitive

equilibrium?
(4) Compute the competitive equilibrium allocation(s).

(5) Explain the trade consumers A and B have made and its reason in the competitive
equilibrium as in questions (3) and (4). In your answer for the reason, discuss it
from the view of characteristics of the consumers’ preference, e.g., the marginal
rate of substitution of good 1 for good 2.

(6) Now assume that consumer A has the utility function Ug(z 41,2 42) = x%lxi‘;o‘, 0<
a < 1, instead of the utility function aforementioned, but all other assumptions
and settings are the same. What is the value of a when the competitive equilib-
rium allocation(s) in this economy is/are the same allocation(s) as the one(s) in
question (4)?

(7) In the economy as in question (6), what condition(s) should the amounts of con-
sumer A’s consumption satisfy in Pareto efficient allocation(s)? Answer equation(s)
for the condition(s).



II.

We consider a commodity market where only three firms, denoted as 1, 2, and 3, engage

in production activities. Let the marginal cost for each firm be ¢ > 0, and assume there

are no fixed costs. Suppose that each firm simultaneously chooses its production level

gi > 0 (i = 1,2,3). Suppose also that the inverse market demand function is given as
P = 1500 — @, where P and @ respectively denote the price of the good and the total
production level of the market.

(1)

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

(6)

What is this type of game called? Choose from (A) - (D) below.

(A). Cournot competition (B). Stackelberg competition
(C). Bertrand competition (D). Monopolistic competition

Show the profit function of each firm.
Show the best response function of each firm.

Show that there exists no Nash equilibrium under which some firms choose different

production levels.

Show all the market production levels under Nash equilibria. Moreover, show the
market prices under those production levels.

Assume that the timing of choosing the production levels is modified as follows.
Firm 1 first chooses the level alone, then firms 2 and 3 choose their levels simul-
taneously (Before firms 2 and 3 choose their production levels, they observe the
production level of firm 1). Find the subgame perfect equilibrium in this modified

game.

Assume that the timing of choosing the production levels is modified as follows.
Firms 1 and 2 first choose their levels simultaneously, then firm 3 chooses the level
alone (Before firm 3 chooses the production level, it observes the production levels
of firms 1 and 2). Find the subgame perfect equilibrium in this modified game.

Assume that this market was a monopolized market where only firm 1 engaged
in production activities. Find the equilibrium price and production level in the
monopoly equilibrium. Moreover, compare them with your answer to question (5)
and discuss the differences between monopoly and oligopoly.
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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. In Japan, there are many "agricultural and residential mixed-use urban areas", especially in the
Urbanization Promotion Areas (TifE1{EX15) atthe fringes of large cities. Answer the following
questions (1) — (4) regarding this issue.

(1) Explain the reason why a large amount of agricultural lands is included in the Urbanization
Promotion Area, in relation to the history of the introduction of the Area Classification (Xig
X2 HIE)  in Japan.

(2) Explain the problems of "agricultural and residential mixed-use urban areas" from three aspects:

residents' side, farmers' side, and local government side.

(3) The figure below shows the annual changes in the area of Productive Green Spaces and other
agricultural lands in the Urbanization Promotion Areas in selected cities in the three major

metropolitan areas. Answer the following sub-questions regarding the figure.

Increase/Decrease
Area (ha) in area (ha)
35,000 C—Productive Green Space: Increase from previous fiscal year 2,800
(right axis: ha)
30.000 I Productive Green Space: Decrease from previous fiscal year 2,400
’ (right axis: ha)
—— Agricultural land in the Urbanization Promotion Areas other 2,000
25,000 than Productive Green Space (left axis: ha)
—x—Productive Green Space (left axis: ha) 1,600
20,000 1,200
15,000 AAAAAAAAAAAAAAA““AAAA,AAAA 800
- ~7 A
HE QAN 400
10,000 I
5,000 i
-988 400
0 "629 -800
AN F WO O VDO A NN FHLO OV ANNMF OO0 O =AM
@m@@@@@@OOOOOOOOOOHHHHHHHHHHC\]NNNFiSCaI
OO O OO OO OO OO OO OO OO OO OO OO OO
|—1v—tv—lv—1v—<v—lv—1v—4NNNNNNNNNNNNNNNNNNNNNNNNYear

Figure: Changes in the area of Productive Green Spaces, etc. in selected cities in the three major
metropolitan areas in Japan

(Source: Processed from the Ministry of Land, Infrastructure, Transport and Tourism Data)



(3-1) The line graph in the figure shows that both "Productive Green Space" and "agricultural
land in the urbanization promotion areas other than Productive Green Space" have been
decreasing along with the annual change. However, the rate of decrease differs greatly

between the two. Explain possible reasons for this.

(3-2) The "Productive Green Space: Decrease from previous fiscal year" shows that the land
area decreased by 629 ha in 2023, which is a large decrease compared to the previous

fiscal year (decrease of 288 ha). Explain the possible reasons for this.

(4) Inrecent years, there has been a policy movement to redefine the actively preserve the

agricultural lands as green space. Explain the reasons of background of this trend.

II. Answer the following questions (1) — (5) regarding discrete choice models used in travel demand
forecasting etc.
(1) What kind of choice behavior should be modeled when we represent each step of the Four-Step

Estimation Method by a discrete choice model? Answer the choice behavior for each-step.

(2) Briefly explain what assumptions are made about traffic behavior when conducting a traffic

analysis using a discrete choice model.

Consider the multinominal logit model in the following. In the multinominal logit model, the
choice probability P; of alternative i is given by
exp(V;
Pi= P (o) = e,
j=1 exp(V))

where V3, V,, ..., V, are the (observable) utility of each choice, and Yj-, P; = 1.
3) Calculate ok (k # i
(3) Calculate avi( * 0).

(4) Show the property of the multinomial logit model that "when only the utility V; of option i
changes (increases), the change (decreasing) rate in the choice probabilities of the other

alternatives are the same" by using the calculation result in question (3).

(5) Consider a section where railway lines A and B run in parallel. Explain an issue that may occur
when analyzing this section’s transportation modal split with the multinomial logit model of
three alternatives {Railway A, Railway B, Car} in connection with the property shown in

question (4).



II.  Answer the following questions (1) — (3) related to urbanization.
(1) In understanding urban area, there are two concepts: "Densely Inhabited Districts (DID)" and
"Urban Employment Area". State the definition of a "DID." In addition to that, explain how
DID and Urban Employment Areas are useful for understanding urban areas.
Note that an Urban Employment Area is a region combining "central cities" and "suburban
cities" defined by the following three conditions.
(D A "central city" is a municipality with a DID population of over 10,000.
(2 A "suburban city" is a municipality where the proportion of commuters to the central city
is 10% or more of the total number of commuters.

(3 There can be more than one central city within this urban employment area.

(2) There are several factors of benefit from population concentration: "comparative advantage",
"economies of scale", and "economies of agglomeration". Explain the definition and the

mechanism of each factor.

(3) "Economy of agglomeration" contains "sharing", "matching", and "learning". Give the

meaning and examples of each.
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