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1. ²LÆ�êÆ(��©Ûµe 1.1 ²LnØ�êÆ(�

²LnØ�êÆ(�

I ö¥�!K.§6A£2006¤:

�â·��ïÄ8�§ÀJ�·�ïÄ¯K�'�Ä�Ï�Ú

Ä�'X§,�r·��ïÄ8¥uù
Ï�Ú'Xþ§ù«°%

{z�©Û(��¡�²LnØ"

I A.&�ÜA£2013¤µ

²LÆ®²�½Â��`/|^D"]�ïÄ§=3�å^

�e��z�ïÄ" ......[Ì��¤ÚNÄø�§è��)�Ú�

?��ü"
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1. ²LÆ�êÆ(��©Ûµe 1.1 ²LnØ�êÆ(�

~1µ'�`³�n
�½ü�I[�NÄö)�1ü ü«û¬�NÄ�m£ü ��¤

aci , c ∈ {E,P} , i ∈ {c, w}§±9ü�I[�oNÄ�mµ

Ù£cloth¤ Ë£wine¤ oNÄ�m

=I£England¤ 100 120 220

Ä:ß£Portugal¤ 100 80 180

ØJuyµ

I ýé`³µÄ:ß)�Ä:Ë��m¤�$u=I§Ïd3Ä:Ë1�¥äký

é`³¶

aPw < aEw

I '�`³µ=I)�1ü Ë�Å¬¤�´1.2ü �Ù§Ä:ß)�1ü Ë�

Å¬¤��k0.8ü �Ù§ÏdÄ:ßäk)�Ë!=Iäk)�Ù�'�`

³"
aEw
aEc

= OCEw/c > OCPw/c =
aPw
aPc

⇔ aPc
aEc

>
aPw
aEw
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1. ²LÆ�êÆ(��©Ûµe 1.1 ²LnØ�êÆ(�

~1µ'�`³�n

3g�gv��¹e§ü�I[ü«û¬��þÚ�¤þÑ�1ü §ü«û¬�

.o�þÑ�2ü "

XJü�I[m©?1ISn´§¿�g)�ÚÑ�gCäk'�`³�û¬§K

�þC�µ

Ù£cloth¤ Ë£wine¤

=I£England¤ 220/100=2.2 0

Ä:ß£Portugal¤ 0 180/80=2.25

�ISn´c�'§ü«û¬�.o�þÑJp
§d�1ü Ë��u

2.25/2.2 ü Ù§ù��éd�0uISn´c=IÚÄ:ß)�Ë�Å¬¤��mµ

OCEw/c > OCWw/c > OCPw/c
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1. ²LÆ�êÆ(��©Ûµe 1.1 ²LnØ�êÆ(�

~1µ'�`³�n

I o(µ

1. ÏLISn´§z�I[Ñ�±;�l¯gCäk'�`³�1��)�Ú

Ñ�!Ó�?�gCØäk'�`³�1���¬§.�o�ÑÚz�I

[��¤Ñ¬J,§4|Ñ¬U?¶

2. ISn´òUCz�I[û¬��éd�§¦��.û¬�d�Úó]Y

²ªu��"

I �¥#oWã£1817¤µ5�£²LÆ9D[�n6

3û���gd��Ýe§�IÑ7,r§�]�ÚNÄ^3�k|u�I

�^åþ"ù«�N|Ã�J¦éÐ/Ú�N�ÊH34(Ü3�å"du�y

��!øy�|!¿�k�/|^g,¤D���«AÏåþ§§¦NÄ���

k�Ú�²L�©�¶Ó�§duO\)�o�§§¦<�Ñ��Ð?§¿±|

³'XÚ�p� ��ÓÝ�r©².�¬x(Ü¤��Ú���¬"�´'

�`³�n§û½Ä:ËAT3{IÚÄ:ßi�§�ÔA3{IÚÅ=«�§

7á�¬9Ù¦û¬KA3=I�E"
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1. ²LÆ�êÆ(��©Ûµe 1.1 ²LnØ�êÆ(�

~2µl)�Oy�ì��ø

I ²L¯Kµ

��£ë¤ �¬ ` ¯ z±]oþ

A 1 1 150

B 2 3 240

C 3 2 300

ÂÃ£Z�/ë¤ 24 18 /

I êÆ£ãµ

max π = 24x1 + 18x2

s.t. x1 + x2 ≤ 150

2x1 + 3x2 ≤ 240

3x1 + 2x2 ≤ 300

x1, x2 ≥ 0
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1. ²LÆ�êÆ(��©Ûµe 1.1 ²LnØ�êÆ(�

~2µl)�Oy�ì��ø

I 20V30c�"§c�éêÆ[x÷â�Û£L. Kantorovich¤Ä

kJÑ
^�55y�.)ûk�]�`©�¯K¶

I 1947c{I<ûà�JÑ�55y�üX/�{¶

I 20V50c�{I²LÆ[¥Êùd£T.J. Koopmans¤¤õ/ò

§^u©Û]���d�NX�'X¶

I 1975cx÷â�ÛÚ¥Êùd©�ì��²LÆø"
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1. ²LÆ�êÆ(��©Ûµe 1.1 ²LnØ�êÆ(�

~3µ�ì¿�£Cournot competition¤

I ½|�¸µ

b½3��V Þ�ä£ i = 1, 2 ¤�½|¥§oI¦¼ê� p = a− q§o�þ

q = q1 + q2"z��û�¤�¼ê� ci = cqi"ëê 0 < c < a"

I Æ�¯Kµ

�û i ��`z¯K�µ

max
qi

πi = pqi − ci = (a− qi − qj − c) qi

�`ûü���^�£FOC¤�µ

qi = a− qi − qj − c

I ¦)��B�þïµ

q∗1 = q∗2 =
a− c

3
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1. ²LÆ�êÆ(��©Ûµe 1.1 ²LnØ�êÆ(�

~4µ�A=�¿�£Bertrand competition¤

I ½|�¸µ

b½3��V Þ�ä£ i = 1, 2 ¤�½|¥§ü��û�I¦¼ê

qi = a− pi + bpj§¤�¼ê� ci = cqi§ëê 0 < c < a, 0 < b < 2"

I Æ�¯Kµ

�û i ��`z¯K�µ

max
pi

πi = piqi − ci = (pi − c) (a− pi + bpj)

�`ûü���^�£FOC¤�µ

a− pi + bpj = pi − c

I ¦)��B�þïµ

p∗1 = p∗2 =
a+ c

2− b
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1. ²LÆ�êÆ(��©Ûµe 1.1 ²LnØ�êÆ(�

~5µ:¥Æ�£Penalty-kick game¤
Palacios-Huerta(2003, RES)�â1417�:¥êâ��e¡�

ÂÃÝ
µ

�¥�(K)/Å�
(G) ��À (q) �mÀ (1− q)

��H (p) (0.58,−0.58) (0.95,−0.95)

�mH (1− p) (0.93,−0.93) (0.70,−0.70)

b½�¥���H�VÇ� p§Å�
��À�VÇ� q§Ï"ÂÃ©O�µ

ELK = 0.58q + 0.95 (1− q) ERK = 0.93q + 0.70 (1− q)
ELG = −0.58p− 0.93 (1− p) ERG = −0.95p− 0.70 (1− p)

�V����´�m�üÑÃ�É�§�±��µ

ELK = ERK ⇒ q = 41.99%, ELG = ERG ⇒ p = 38.54%

þã(Ø�¢SêâpÝ¬Üµ
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1. ²LÆ�êÆ(��©Ûµe 1.2 ên²L�©Ûµe

ên²LÆ£Mathematical economics¤

1. n)E,�²Ly���Ø%�²LÅ�Ú²LÜ6"

2. r¤�ïÄ�²L¯K£ã��`z¯K£optimization problem¤µ

Max
x∈X

U (x, z; θ)

s.t. G (x, z; θ) = 0

Ù¥µZ ⊆ RM � M �	)Cþ�m§Θ ⊆ RK � K �ëê�m§

X ⊆ RN � N �S)Cþ�m"

3. Ïé�`) f : Z ×Θ→ X ¿©ÛÙ5�µ

x∗ = f (z; θ) = argmax
x∈X

F (x, z; θ)
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1. ²LÆ�êÆ(��©Ûµe 1.2 ên²L�©Ûµe

�Vg

I 	)Cþvs.S)Cþ

I 	)Cþ´²LÌNØ����	ÜÏ�¤û½�Cþ§Xü�þ!«fÚ

z��d�éü�àró´�«/�*^�0§Ã{UC¶

I S)CþK´²LÌN�/gÌÀJ0§Xà¬¬ÀJN��«�Eâ!¬

gu�)N��²L|��§´²L�.©Û�Ø%"

I ½Â�§vs.1��§

I ½Â�§´LãCþ'X�ð�ª§Xý��å^�!GDPØ�úª�¶

I 1��§L²	)Cþ£9ëê¤éS)Cþ��^�ª§X�¤I¦!�

�I¦�"
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1. ²LÆ�êÆ(��©Ûµe 1.2 ên²L�©Ûµe

¯K©a

I ·�vs.Ä�

I ·�¯K�)éA f (z; θ) Ø��mu)Cz¶

I Ä�¯K�)éA f (z, t; θ) K´�m t �¼ê"

I (½5vs.Ø(½5

I (½5¯Kµ	)Cþ¥Ø�)�ÅÀÂ§8I¼ê� u!π�"

I Ø(½5¯Kµ	)Cþ¥�)�ÅÀÂ§8I¼ê�Ï"�§X E (u)!

E (π)�"

I �üÑ5vs.üÑ5

I �üÑ5¯Kµz�1�<�ûüØÉÙ¦1�<�K�§8IÚ�å¼ê

¥Ø�¹Ù¦1�<�ûüCþ§X πi (qi)"

I üÑ5¯Kµz�1�<�ûüÉ�Ù¦1�<ûü�K�§8IÚ�å¼

ê¥�¹Ù¦1�<�ûüCþ§X πi (qi, qj)"
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1. ²LÆ�êÆ(��©Ûµe 1.2 ên²L�©Ûµe

±�¤ö�`z¯K�~

Max
x1,x2

u (x1, x2) = α lnx1 + (1− α) lnx2

s.t. G (x1, x2) = w − p1x1 − p2x2 = 0
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1. ²LÆ�êÆ(��©Ûµe 1.2 ên²L�©Ûµe

dUMPÚ�Ñ���Ä�êÆ¯K

Max
x1,x2

u (x1, x2) = α lnx1 + (1− α) lnx2

s.t. G (x1, x2) = w − p1x1 − p2x2 = 0

I ùp8I¼ê£�^¼ê¤´éê�©�\�§�å^�¼ê´�5�

ª"���¹e§8I¼êÚ�å¼êAäk=
5�º

I ù�¯K¥�`)´�3�!���!�Û�§��/�¹e�o^�U

�y�`)��35!��5!ÛÜ£½�Û¤5º

I c¡¦)�·�^�
��^�£FOC¤§���¹e�`)�¿©7�

^�´N��º

I 3ù�~f¥§)¼ê´ëY���§= ∂x/∂p Ú ∂x/∂w �3"3�o

�¹e§ù�5�¤áº�±�'�·�©Ûº
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2. �^¼êÚ�`)��35�5�½n 2.1 �^¼ê

MWG£2001¤µ Ð'XÚ�^¼ê�½Â�·K

I £½Â 1.B.1¤e Ð'X % ÷ve¡ü�5�§K¡T Ð'X % ´n5

�µ£1¤��5µéu?¿ x, y ∈ X§·�k x % y §½ y % x §£½�öok§

= x ∼ y ¤¶£2¤D45µéu?¿ x, y, z ∈ X §XJ x % y � y % z §Kk

x % z"

I £½Â 1.B.2¤eéu¤k x, y ∈ X§x % y ⇔ u (x) ≥ u (y)§K¼ê u : X → R
��L Ð'X % ����^¼ê"

I £·K 1.B.2¤�k� Ð'X % ´n5�§§â�±^���^¼ê5�L"

I £½Â 3.C.1¤XJ X þ� Ð'X % 34�e´��±�§=éu?¿��

¤éS� {(xn, yn)}∞n=1§XJ xn % yn éu¤k n þ¤á§�

x = lim
n→∞

xn, y = lim
n→∞

yn �k x % y§K¡T Ð'X % ´ëY�"

I £·K 1.B.2¤b½ X þ�n5 Ð'X % ´ëY�§K�3���L % �ë

Y�^¼ê"
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2. �^¼êÚ�`)��35�5�½n 2.1 �^¼ê

MWG£2001¤µ Ð!�^Ú�å¼ê��õb�

I  Ð�üN55�¿�X�^¼ê4O"

I  Ð�à55�¿�X�^¼ê[]"

I n5 Ð�ëY5��y�3ëY��^¼ê§Ø�y�^¼ê���5§'X

p[QÅ ÐÚ�^¼êÑ´ëY�§�3$:?Ø��"��·�b½�^¼

ê����§�>S�^�� u′ > 0!>S�^4~ u′′ < 0"

I �Ä�<�éºx���Ú5;§²LÆ©Û¥~^��^¼êk~�éºx5

;£CRRA¤Ú~ýéºx5;£CARA¤ü«/ªµ

CRRA : u (c) =
c1−γ

1− γ , (γ > 0, γ 6= 1) ; u (c) = ln c, (γ = 1)

CARA : U (c) =
−e−αc

α
(α > 0)

I ��b½�å¼ê G ´ëY!����Ú[à�"

�%� (E��Æ²LÆ�) êþ²LÆ£1Êù¤ 18 / 34



2. �^¼êÚ�`)��35�5�½n 2.2 �`)

�`)��35

I Weierstrass½n£½4�½n§Extreme value theorem¤µ½Â3��;

8 1 X þ�ëY¢�¼ê f : X → R k4�£Ú4�¤�"

I ±�¤¯K�~§MWG£2001¤½n 3.D.1µ

e p > 0§� u ëY§KUMP¯Kk)"

[1]µÝþ�m¥�k.48�;8"48 X ¥�z�4�: x ∈ X"
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2. �^¼êÚ�`)��35�5�½n 2.2 �`)

�`)���5

I MWG£2001¤½n 3.D.2µ

� x∗ �3�§XJ Ð % ´à�£�^¼ê u []¤§K x∗ ´�

�à8¶XJ Ð´î�à�£�^¼êî�[]¤§K x∗ ��"
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2. �^¼êÚ�`)��35�5�½n 2.2 �`)

)¼ê�5�µëY5Ú��5

I ��z½n£Theorem of the Maximum¤µ

�8I¼ê u (x; θ) ëY§�å^� G (x; θ) = 0 ¤Û¹��å

éA g (θ) : Θ→ X �;�!ëYéA�§���:éA

x∗ (θ) : Θ→ X �3�þ�ëY§�ü�éA����¼ê

x∗ (θ) : Θ→ R Ú�A�d�¼ê u (x∗ (θ) ; θ) = u∗ (θ) : Θ→ R Ñ

ëY"

I ��B'�·�©Û§��b½ x∗ (θ) Ú u (x; θ) ��"
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3. )^�½n 3.1 Ã�å�`z

Ã�å�`zµx ∈ R

kl�{ü�ûüCþ x ����þ��¹m©"b½ u (x) ����§�

u′ > 0, u′′ < 0"¦) Max
x

u (x) ¯K§·�é u (x) 3 x∗ NC����V

Ðmµ

u (x) = u (x∗) + u′ (x∗) (x− x∗) +
u′′ (x∗) (x− x∗)2

2
+ o

(
(x− x∗)2

)
x∗ ��`)§= u (x) ≤ u (x∗)§��S:)�7�^��µ

I ��^�£FOC¤: u′ (x∗) = 0

I ��^�£SOC¤µu′′ (x∗) ≤ 0"�â·�é�^¼ê¤��[]5b½§

ØJ�y��^�÷v"

�%� (E��Æ²LÆ�) êþ²LÆ£1Êù¤ 22 / 34



3. )^�½n 3.1 Ã�å�`z

Ã�å�`zµx ∈ RN

� x � N ��þ�§Ó�b½ u (x) ����§P£Ù¥ ui = ∂u
∂xi
≥ 0§

uij = ∂2u
∂xi∂xj

§uii ≤ 0¤µ

∇u =


u1
...

uN

 , D2u =


u11 · · · u1N

...
. . .

...

uN1 · · · uNN


x∗ �S:�`)�7�^��µ

I ��^�£FOC¤¶∇u (x∗) = 0

I ��^�£SOC¤µ°mÝ
 D2u (x∗) �K½§=éu?¿ N ��þ

h ∈ RN k hTD2u (x∗)h ≤ 0" �â·�é�^¼ê¤��[]5b½§

�±�y��^�÷v"
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3. )^�½n 3.2 k�ª�å��`z

k�ª�å��`z

b½�k M ��ª�å§�¤�å8 G =
{
gm (x) = 0, x ∈ RN , m = 1, 2...M

}
§

¼ê gm �g��"d�UMP¯K�Lã�µ

Max
x

u (x)

s.t. g1 (x) = 0

...

gM (x) = 0

�Ñ.�KF¼ê Max
x

L (x) = u (x)−
∑
m

λmg
m (x)§=z�Ã�å��`z¯K§

x∗ �S:�`)�7�^��µ

I ��^�µ∇L (x∗) = 0⇔ ∇u (x∗) =
∑
m

λm∇gm (x∗)§=8I¼ê�FÝ´�

å¼êFÝ��5|Ü¶

I ��^�µ\>°mÝ
 D2
xL (x∗, λ) �K½" �â MWG£2001¤½nM.D.3§

�^¼ê�[]5��y��^�÷v"
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3. )^�½n 3.3 kØ�ª�å��`z

kØ�ª�å�`z¯K�£ã

Max
x

u (x)

s.t.g1 (x) = 0
...

gM (x) = 0

h1 (x) ≤ 0
...

hK (x) ≤ 0

I b½^�µ

I 8I¼êÚ�å¼ê u, gm, hk Ñ

½Â3 RN þ¶

I S)Cþ�ê�u�å�§êµ

N > M +K¶

I M +K ��þ ∇gm (x) , ∇hk (x)

�5Ã'"

I 5¿µ�â½Â/e�p8�à8�¼ê´[à¼ê0§��y�å8Ü{
gm (x) = 0, hk (x) ≤ 0 : m = 1, 2...M ; k = 1, 2...K

}
´à8§Ø�ª�

å¼ê hk AT´[à¼ê"XJ h̃k ´[]¼ê§KØ�ª�åA��

h̃k ≥ 0"

�%� (E��Æ²LÆ�) êþ²LÆ£1Êù¤ 25 / 34



3. )^�½n 3.3 kØ�ª�å��`z

�`)^�
¥�-©�½n£Kuhn-Tucker conditions¤µXJ x∗ ´þã�`z¯K�)§K

eã^�¤á£P λm ∈ R Ú γk ∈ R+ ��ªÚØ�ª�å�.�KF¦f¤µ

I .�KF^�µ∇u (x∗) =
∑
m

λm∇gm (x∗)+
∑
k

γk∇hk (x∗)

I pÖt¶^�µé¤kk = 1, 2...K§hk (x∗) 6= 0 � γk = 0 � hk (x∗) = 0 �

γk > 0§�ª¦�ª γkh
k (x∗) = 0 ¤á"
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4. '�·�©Û£Comparative static analysis¤ 4.1 )¼êCSAµÛ¼ê½n

'�·�©Û«~

±�¤ö¯K�~§�½	)Cþ (p, w) Úëê θ§�¤ö�ÀJ�¤I

¦éA x (p, w; θ)§ü�éA=�I¦¼ê"b½ x (p, w; θ) ëY��§KãL

�AÚd��A©O�µ

Dwx =


∂x1

∂w
...

∂xN

∂w

 Dpx =


∂x1

∂p1
· · · ∂x1

∂pN

...
. . .

...
∂xN

∂p1
· · · ∂xN

∂pN
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4. '�·�©Û£Comparative static analysis¤ 4.1 )¼êCSAµÛ¼ê½n

Û¼ê½n

���¹e§·�Ã{�Ñ x∗ �L�ª£�¡vk)Û)½w«)¤§��±

^Û¼ê½n£Implicit function theorem¤©Û'�·�¯K"

P α = (z, θ)§���`� N ��§| f i (x∗, α) = 0, (i = 1, 2...N) ¤á§=

f (x∗, α) = 0"ü>é α ¦ ��� Dxf (x∗, α) ·Dαx∗+Dαf (x∗, α) = 0"XJä�

'1�ªµ

|J |x=x∗ ≡ |Dxf (x∗, α) | =

∣∣∣∣∣∣∣∣
f1
1 · · · f1

N

...
. . .

...

fN1 · · · fNN

∣∣∣∣∣∣∣∣
x=x∗

6= 0

= Dxf (x∗, α) �_§KkµDαx
∗=− [Dxf (x∗, α)]−1Dαf (x∗, α)
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4. '�·�©Û£Comparative static analysis¤ 4.2 d�¼êCSAµ�ä½n

�ä½n£envelope theorem¤

I éuÃ�å�`z¯K§�©ÛëêCÄé�`�¹ed�¼ê u (x∗;α) �K

�§éëê¦ �kµ

∂u (x∗;α)

∂α
=

(
∂u

∂x
· ∂x
∂α

+
∂u

∂α

)
x=x∗

=

(
∂u

∂α

)
x=x∗

I éu���!k�å��`z¯K§�ä½n(ØXeµ

∂F (x∗;α)

∂α
=

(
∂u

∂α
−
∑
m

λm
∂gm

∂α
−
∑
k

γk
∂hk

∂α

)
x=x∗
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5. SK

SK1µ&�ÜA£2013§P19¤

b½��I[�3)��hÚ���m�Ñ��§�`z¯KXeµ

Max U = ax+ by

s.t. x2 + y2 = L = 100

1. �Ñ.�KF¼êÚ��^�¶

2. ¦)�`�Ñ x∗, y∗¶

3. éëê a, b, L �'�·�©Û"
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5. SK

SK2µ�pS£2002§P42¤

b½)�¼ê� f (x) = 20x− x2§�¬d��5z�1§Ý\¬ x �d�� w§

x,w > 0"

1. �Ñ�û�`z¯K"

2. XJ x > 0§|d��z���^�´�oº

3. �Ñ��I¦¼ê x (w) �L�ª"

4. ©Û��I¦�'�·�¯K§∂x (w) /∂w = ?

5. �Ñ��z|d�L�ª π∗ = π (w) = ?

6. Ý\¬d�CÄé|d�)N��K�º
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5. SK

SK3µ�¤Ú�ä¿�þï

1. b½�¤ö��^¼ê� U = MδF 1−δ§Ù¥ F Ú M ©O� ¬Úó�¬��

¤þ¶ó�¬¥q�) N «û¬ M =
(∑N

i=1 q
(ε−1)/ε
i

)ε/(ε−1)

§ε �ü«û¬�

m�O��5¶ ¬d� pF = 1§ó�¬d�o�ê P =
(∑N

i=1 p
1−ε
i

)1/(1−ε)
"

�Ñ�¤öé1 i «ó�¬�I¦¼ê qdi"

2. �½þã�¬I¦§b½�û�o¤� TC = wl = w (α+ βq)§Ù¥ w �	)

�½�ó]Y²§l �)� q ü û¬¤I�ó<ê"�¯3���ä¿��!

�û�gd?Ñ�½|¥§áÏS�ûòr1 i «ó�¬�d� pi ½�õ�º�

þ qsi �õ�ºXJl¯ó�)��o<ê� L§�Ï5w½|þ��[ê N ´

õ�º
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5. SK

SK4µ]�|Ü

1. b½kÅ Ú�¦ü«ºx]� D,E§Ï"ÂÃ�rD, rE!IO�Ú����

σD, σE , Cov(D,E)§�½ºx]�|Ü�Ï"ÂÃÇ µ§¦)����]�|

Ü(The Minimum Variance Portfolio)¯Kµ

Min
wD,wE

σ2
p = w2

Dσ
2
D + w2

Eσ
2
E + 2wDwECov (rD, rE)

s.t. wD + wE = 1

µ = wDrD + wErE

2. �k n «]��§P Σ � n ����Ý
§� w ÚÂÃÇ r ©O� n ��

�þ§1 �ü ��þ"¦)��z��`ºx]�|Ü¯Kµ

Min
w

{
wTΣw|w1 = 1,wr = µ

}
�%� (E��Æ²LÆ�) êþ²LÆ£1Êù¤ 33 / 34



5. SK

ë�]�

1. A.êd-�4�!M.D.§dî!J.R.��Í§2001µ5�*²LÆ6§4©

$!o�JÌÈ§¥I�¬�ÆÑ��

2. ö¥�!K.§6AÍ§2006µ5ên²LÆ�Ä��{£14�¤6§4Æ!

�Z¸È§4Æ�§�®�ÆÑ��

3. A.K.&�ÜAÍ§2006µ5²LnØ¥��`z�{6§¾!Ç?=È§

þ°<¬Ñ��
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