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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




EE

MEIE T OMAGIZEZ XK. MEI 2 IZHl %2 OBEHMZMHHAYE X.
AT, EHeHROEEEZR T 5.

I. IRD 3 x 3 DENFITIAZEZS.

1 -1 -1

o, MG/ R >R % f(z) = Az L EFT H. TIT, zcRIE3WILHIRY
MLTH 5.

PAF R (1)-(5) I2& % &.
(1) fOEREG g Z2RDELSIZHEAD.
g9(@) = fo f(x) = f(f(2)).

ZOEKEMIL g(x) = Bx £ RT I ENTES. 75 B 2155 A %W TEE.
(2) BAFD vy, v, v3 RITHI ADEAERZ PV THB.

—1 1 1
V1 = 0 s Vg = 1 s V3 = -2
1 1 1

BN MVIZHIGT 2EAEEZ TN ENE A K.
(3) 1781 P % (2) D v1,v0,v3 ZAHVWTIRD LD IZEHT 5.

-1 1 1
P = (121,112,’03) = 0 1 -2
1 1 1

ZOFHOMATH P, B35 X 2HWC P I =XPeEbInd. 175
X #ZRdDX. 277U, 'PPIFPOEETHTHS.
(4) FEHNTA =R a,b,c BHNT, NI Ml hx=av;+bva+cvg ERINBD L E,
a
Az =PY | b
C
BT Y KD XK. 72720, vi,v,v3 BEOP I (2)-3) THWERZ b
BLUOTHTH B.



(5) fESEIGK UGB M(x) = fofofofof(x)=Fff(f(f(f(x)))) & (3)D1T
51 P &FWT hiz) = (PZ P)x L XTI NTES. 1751 Z &k k.

I LR (1) RTF(2) IT&EZ K.

(1) SEEBIE f(z) = exp (22/2) (x €R) & T 5. () (n=1,2,...) & f(z) D n b
HBEHBTH L. L, fO@)=flo) T8, AFOBWIZEX L.

(a) RAERE,

i) fY@) =af(@), i) fO)=2fV () + f(2).

(b) EROBELE n 12DV T, RAZRE.

FO (@) = 2 f ™ (@) + nf Y (2).
(c) KDff %KD &
i) fE2)(0),  ai) fPO2(0).
(d) DR % kb X

o flm)—1—22)2 .
L i

(2) EHEE g(z) IZATDOESITEHRIND.

g(z) = { = exp (—5(In2)?)  (z>0),

TR W&z X, ~=7-L, ffoooexp (—932/2) de = 2r 2R L THi->TH
EQAN

(a) [T g(x)dx 23K &.

(b) [72 zg(x)dx &k &.

(c) [Z a"g(x)de Z#RD K. 7L, n I FARKTH 5.



Mathematics

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

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

I. Consider the following 3 x 3 real symmetric matrix A.

-1 -1 1

1 -1 -1
We also define a linear mapping f : R* — R3 as f(x) = Az, where x € R? is a
3-dimensional column real vector.

Answer the following questions (1)—(5).
(1) Let g be the composition of the mapping f given by
9(x) = fo f(x) = f(f(x)).

This composite mapping is represented as g(x) = Bx. Express the matrix B using
the matrix A.

(2) The following vectors v1,ve, and v3 are the eigenvectors of the matrix A.

—1 1 1
vi=| 0|, vo=1]1]|, wv3=]|-2
1 1 1

Find the eigenvalue for each vector.

(3) Let P be the matrix defined by

-1 1 1
P = (’01,’02703) = 0 1 -2 5
1 1 1

where v1,vs, and w3 are the vectors introduced in (2). The inverse P~! of this
matrix is expressed as P~! = X ‘P, where X is a matrix. Find the matrix X.
Here, 'P denotes the transpose matrix of P.

(4) With real parameters a, b, and ¢, let the vector & be expressed as x = av; + bvy +
cvs. Find the matrix Y satisfying the following equation.

a
Az =PY | b
c

Here, v1,v2, v3, and P are the vectors and the matrix introduced in (2) and (3).



(5) The 5 times repeated composition of f, h(x) = fofofofof(x) = f(f(f(f(f(x))))),
is expressed as h(x) = (PZ 'P)x using the matrix P introduced in (3). Find the
matrix Z.

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

(1) Let f(z) = exp (22/2) (z € R). We denote by f™(z) (n = 1,2,...) the n-th
derivative of f(z). Here, f(O)(z) = f(z). Answer the following subquestions.

(a) Prove the following formulas.

i) fD(2) =af(x), i) fP(2)=2fV(2)+ f(a).

(b) Prove
fr (@) = 2f (@) + nf D (),
for any natural number n.

(c¢) Find the following values.
i) fE(0), i) ().

(d) Find the following limits.

—1—2z2%2/2 1 p2/9 4
i) lim f(z) . cal , i) lim f(@) a;/ r/8
x—0 xT x—0 X

(2) A real function g(z) is defined as follows.

Answer the following subquestions. Here, ffooo exp (—932 / 2) dx = v/2m can be used
without proof.

(a) Find the value of [*_g(x)dz.

(b) Find the value of [%_zg(x)dx.

(¢) Find the value of [*°_a™g(x)dz, where n is a natural number.
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Microeconomics

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

I. Answer the following questions about a consumer’s issue [A] and questions about firms’ issue
[B].
[A]
An individual chooses the consumption bundles of good X and good Y to maximize his/her

utility under his/her budget constraint. The consumer’s utility function is
U=5XY? +20.

The price of good X is 1, and the price of good Y is 3. Answer the following subquestions (1)
and (2).

(1) Suppose that monetary income of the individual is M. Answer the quantity demanded for

each good.

(2) Suppose that monetary income of the individual is 100. What is the marginal utility with

respect to money?

B]
There exist n firms in the market where firms sell differentiated products. The demand function

for good that firm j produces is given by

@JFZ#J-H
n n—1

D, = ~ P,

where D; is the demand for the good that firm j produces, and P; is the price of good that firm

j produces, for j = 1,--- ,n. The cost function of firm j is given by
C; =2X; + 25,

where C; is the total cost of firm j, and Xj; is quantity of good firm j produces. Each firm
chooses its price to maximize its profit given the prices of goods other firms produce. Answer

the following subquestions (1) and (2).
(1) Suppose that there are only two firms in the market. What are quantity and price of each
firm’s good in the short-run equilibrium?

(2) What are the number of firms, quantity and price of each firm’s good in the long-run

equilibrium?



II.

Suppose that the following table represents a Prisoner’s dilemma game, where s; and sy are

strategies of players 1 (P;) and 2 (P). For each payoff vector in the table, the first and second

coordinates represent P;’s and P»’s payoff, respectively. In the subsequent part, we call the game

G. Answer the following subquestions (1)—(8).

P\ P, 51 S2
$1 (a,a) | (0,b)
S (6,0) | (¢,0)

Choose an alternative from (A)-(D) that represents a suitable condition on payoffs a, b, c.

In the subsequent part, we assume that G satisfies the condition you choose here.

(Aya>b>0>c (B)a>0and b>c
(C)0>aand ec>D D)0>c>a>b

Point out a Nash equilibrium of G. Moreover, prove that it is the unique Nash equilibrium
of G.

In general, explain a strategy of a repeated game.
In general, explain the grim-trigger strategy in a repeated game.
In general, explain the tit-for-tat strategy in a repeated game.

Let G? be a repeated game in which G is repeated twice. Assume that the discount factor
0 satisfies 0 < § < 1. Choose a correct alternative from (A)—(D). Moreover, provide an
explanation why it is correct.

(A) When § > —L the strategy profile in which both players play the grim-trigger

strategy is a Nasfil ;quilibrium of G2.
(B) When § > £, the strategy profile in which both players play the grim-trigger
strategy is a Nash equilibrium of G2.
(C) When § > 2, the strategy profile in which both players play the grim-trigger
strategy is a Nash equilibrium of G2.
(D) For any 4, the strategy profile in which both players play the grim-trigger strategy

is not a Nash equilibrium of G?.



(7) Let G® be a repeated game in which G is repeated three times. Assume that the discount
factor J satisfies 0 < § < 1. Choose a correct alternative from (A)—(D). Moreover, provide

an explanation why it is correct.

(A) When 6 > -1 the strategy profile in which both players play the tit-for-tat

a—c’

strategy is a Nash equilibrium of G3.

(B) When 0 > £, the strategy profile in which both players play the tit-for-tat strategy
is a Nash equilibrium of G3.

(C) When ¢ > 4, the strategy profile in which both players play the tit-for-tat strategy
is a Nash equilibrium of G3.

(D) For any 4, the strategy profile in which both players play the tit-for-tat strategy is

not a Nash equilibrium of G®.

(8) Let G* be a repeated game in which G is repeated infinitely many times. Assume that the
discount factor § satisfies 0 < § < 1. Choose a correct alternative from (A)—(D). Moreover,

provide an explanation why it is correct.

(A) When § > a%c, the strategy profile in which both players play the grim-trigger
strategy is a Nash equilibrium of G*°.
(B) When § > £, the strategy profile in which both players play the grim-trigger
strategy is a Nash equilibrium of G*°.
(C) When § > %, the strategy profile in which both players play the grim-trigger

strategy is a Nash equilibrium of G*°.

(D) For any 0, the strategy profile in which both players play the grim-trigger strategy

is not a Nash equilibrium of G*°.
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Urban and Regional Planning

Select and answer two of the following questions I to III. Use a separate answer sheet for each

problem.

I. The figures are all representative architectural and urban planning proposals by Le

Corbusier. Look at the figures carefully and answer the following questions (1)-(3).
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(1) Explain the urban problems behind the proposals and Le Corbusier's philosophy of

architecture and urban planning in response to these problems.

(2) For each of components of cities (D "buildings", 2 "roads", 3 "green spaces", and @)
"relation with the surrounding area”, explain in detail how Le Corbusier's philosophy of

architecture and urban planning is expressed in these proposals.



(3) Explain the influence of Le Corbusier's philosophy of architecture and urban planning on

contemporary urban planning. Then, discuss the criticisms against it.

II. The following two figures show the relationship between population density of

urbanization promotion areas and automobile CO; emissions in different years. Look at

these figures carefully and answer questions (1)-(3) below.
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Figure-1 Population density of

urbanization promotion areas and per

capita automobile CO; emissions in 1987

Automobile CO, emissions per capita (g-CO,/person-day)
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Figure-2 Population density  of

urbanization promotion areas and per

capita automobile CO; emissions in 2015

(1) Focusing on Figure-2, explain the reason for the downward sloping distribution by

reference to the characteristics of the cities in the figure.

(2) Explain what changes have occurred from 1987 to 2015. Also, explain in detail why such

changes have occurred for the local city group.

(3) Referring to these figures, list three possible measures to reduce automobile CO,

emissions in cities, and explain the content of each.



III. Answer the following questions (1)-(5) regarding land price and land rent. Let P, be the land price
at the beginning of period t and i be the market interest rate. Moreover, the land rent, 7, for period

t is assumed to be received at the end of period t.

(1) State the definition of land price and land rent.

(2) It is known that when land prices satisfy the short-run equilibrium condition, the following
equation holds. Explain the left-hand side and right-hand side in Equation (a).

T+ Peyy — P = 1Py (a)

(3) When land prices satisfy the long-run equilibrium condition, the following equation holds. Answer

the following subquestions.

Tt Te+1 Te+2 )

P, =
STyt a+oeta+ot

Explain the first term on the right-hand side.
Explain the right-hand side.

© e e

What is the term used to describe the land price, P;, that satisfies long-run equilibrium

conditions?

(4) Show that short-run equilibrium is satisfied when long-run equilibrium conditions is satisfied using

Equations (a) and (b).

(5) Calculate the land price when the land rent is constant in Equation (b).
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