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§1.1 ü�ã��ä�.

1.1.1 ������äää���....

½½½ÂÂÂ 1.1 (������äää���...). 3e����¦d��kü�G�(“O
� (u) Úü$ (d)”) �UC�'~´���½½½���

0 < d < u,

Ù¥ d ´“eü” '~, u ´“þ,” '~.

. h: �ÏF, ��BPh = 1.

. . rf : Ãºx{ü|Ç(h �m).

. S(0): Ð©�¦d�

. S1(H) = uS(0): 3�� 1 ?uG� u ��¦d�

. S1(T ) = dS(0): 3�� 1 ?uG� d ��¦d�

. X1(H) Ú X1(T ): 3�� 1 uG� u ÚG� d �Ï�ÂÃ.
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§1.1 ü�ã��ä�.

8I: ¦ÑÏ�d� X0.
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§1.1 ü�ã��ä�.

8I: ¦ÑÏ�d� V0.
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§1.1 ü�ã��ä�.

1.1.2 EEE���]]]���|||ÜÜÜ

�Ä��±�¦�I�]��Ï�, b½I��¦d��Ì
þã¤«.

wÞÏ��ÏF£h = 1¤�d�, Ù¥K�v½d�,

V1 =

{
V1(H) = max(S1(H)− K , 0)
V1(T ) = max(S1(T )− K , 0)

ÏL�¦ÚÀ1½|�´E�Ï�§|^ÃÃÃºººxxx@@@|||���

KKK½ÂÏ�Ð©d�"
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Ãºx@|

k�½|�¢�:���´üÑ�±ØN
¼,@o§7ò«Éº
x, ÄK, B�3@|Å¬. �äN�`

½½½ÂÂÂ: @@@|||

"Ð©ãL

���VÇ�u"

¼|�VÇ�u�u"

3ü�ã���ä�., �üØ@|Å¬, ·�7Lb½

0 < d < 1 + rf < u.
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ü�ã��ä�.

½½½nnn:

�¦d�XJ÷vØ�3Ãºx@|'X, K

0 < d < 1 + rf < u
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y²

¿¿¿©©©555:

d > 0 ´Ï��¦d���"

bbb���d ≥ 1 + rf , Ý]ö�±3t = 0��lÕ1/\]7	
ï�¦, =¦´����¹3t = 1��§�¦ÂÃÑU
�
�/±|E, d	Ek{a�VÇ��, Ï�u > d ≥ 1 + rf ,
Jø
@|Å¬.

bbb���u ≤ 1 + rf , Ý]ö�±t = 0��ñ��¦§ò¤�Â
ÃÝ]uÀ1½|, =¦´3�¦��Ð�¹e, 3t = 1�
�§À1½|Ý]Ñ�u½�u���¦�s¤, Ï
�d < u ≤ 1 + rf , ù�Jø
��@|Å¬.
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y²

±þ·�Øy
¹k�¦ÚÀ1½|ü«]��½|Ã@|,7
k

0 < d < 1 + rf < u.

��½,, XJþª¤á, K½|Ã@|.

777���555:

b�Ý]öÐ©ãL�X0, ±k∆0°�¦, 3t = 1��ãL
�X1, K

X1 = (X0 −∆0S0)(1 + rf ) + ∆0S1.

=

X1 =

{
(X0 −∆0S0)(1 + rf ) + ∆0uS0
(X0 −∆0S0)(1 + rf ) + ∆0dS0

XJ0 < d < 1 + rf < u, 3�Ñ∆0��¹e§-Ð©ãL�

u"§Ã{¦X13��VÇe�u"§3"VÇe�u�

u""
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y²

±þ·�Øy
¹k�¦ÚÀ1½|ü«]��½|Ã@|,7
k

0 < d < 1 + rf < u.

��½,, XJþª¤á, K½|Ã@|.

777���555:

b�Ý]öÐ©ãL�X0, ±k∆0°�¦, 3t = 1��ãL
�X1, K

X1 = (X0 −∆0S0)(1 + rf ) + ∆0S1.

=

X1 =

{
(X0 −∆0S0)(1 + rf ) + ∆0uS0
(X0 −∆0S0)(1 + rf ) + ∆0dS0

XJ0 < d < 1 + rf < u, 3�Ñ∆0��¹e§-Ð©ãL�

u"§Ã{¦X13��VÇe�u"§3"VÇe�u�

u""
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Example 1.1

~~~ 1.1.1 �Ä�ü�ã�., h = 1, S(0) = 4, u = 2, d = 1/2,
r = 1/4. ¦�1d�� K = 5 �îªwÞÏ�d�.

�Ð©ãL´ 1.2. 	ï0.5°�¦, I�s¤2, I�/\]
70.8. K3��1�ãL�

X1 = (X0 −∆0S0)(1 + rf ) + ∆0S1 = 0.5S1 − 0.8(1 + 0.25)

t = 1�, XJ�¦d��8§KÏ��d��3, X1 = 3; XJ
�¦d�2, KÏ��d��0, X1 = 0.

þã�Ý]|Ü(�¦ÚÃºxÅ )��E�
Ï�.

�âÃ@|�K§Ï���Ïd�t = 0, A�uÝ]|Ü�
d�.

E�Ï�¤I��Ð©ãLX0 = 1.2��Ï�3��0�ÃÃÃ
@@@|||ddd���

XJÏ��Ð©d��1.21�, XÛ@|Qº1.19�Qº
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Ï�½d: üÏ�.

��ªÏ�½d

bbb���:

�¦°ê�±Ã�[©

Ãºx/��|Ç��

�¦�ïdÚñd��(vkïñd�)

3?Û��§�d��U5�kü«
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E�Ï�

b�Ý]öÐ©ãL�X0, ±k∆0°�¦, 3t = 1��ãL
�X1, K

X1 = (X0 −∆0S0)(1 + rf ) + ∆0S1.

=

X1 = X0(1 + rf ) + ∆0(S1 − (1 + rf )S0)

{
X0 + ∆0( 1

(1+rf )
S1(H)− S0) = 1

(1+rf )
V1(H)

X0 + ∆0( 1
(1+rf )

S1(T )− S0) = 1
(1+rf )

V1(T )

ÀJp̃, ¦�

S0 =
1

(1 + rf )
(p̃S1(H) + (1− (̃p))S1(T ))
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E�Ï�

b�Ý]öÐ©ãL�X0, ±k∆0°�¦, 3t = 1��ãL
�X1, K

X1 = (X0 −∆0S0)(1 + rf ) + ∆0S1.

=

X1 = X0(1 + rf ) + ∆0(S1 − (1 + rf )S0)

{
X0 + ∆0( 1

(1+rf )
S1(H)− S0) = 1

(1+rf )
V1(H)

X0 + ∆0( 1
(1+rf )

S1(T )− S0) = 1
(1+rf )

V1(T )

ÀJp̃, ¦�

S0 =
1

(1 + rf )
(p̃S1(H) + (1− (̃p))S1(T ))
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E�Ï�

b�Ý]öÐ©ãL�X0, ±k∆0°�¦, 3t = 1��ãL
�X1, K

X1 = (X0 −∆0S0)(1 + rf ) + ∆0S1.

=

X1 = X0(1 + rf ) + ∆0(S1 − (1 + rf )S0)

{
X0 + ∆0( 1

(1+rf )
S1(H)− S0) = 1

(1+rf )
V1(H)

X0 + ∆0( 1
(1+rf )

S1(T )− S0) = 1
(1+rf )

V1(T )

ÀJp̃, ¦�

S0 =
1

(1 + rf )
(p̃S1(H) + (1− (̃p))S1(T ))
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E�Ï�

dS0 = 1
(1+rf )

(p̃S1(H) + (1− p̃)S1(T ))�ºººxxx¥¥¥555VVVÇÇÇ:

p̃ =
1 + rf − d

u − d
, q̃ = 1− p̃ =

u − (1 + rf )

u − d
,

1���§ü>Ó¦±p̃, 1���§ü>Ó¦±1− p̃, ,�
�\

∆0 =
V1(H)− V1(T )

S1(H)− S1(T )

X0 =
1

(1 + rf )
(p̃V1(H) + (1− p̃)V1(T )) = V0
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E�Ï�

dS0 = 1
(1+rf )

(p̃S1(H) + (1− p̃)S1(T ))�ºººxxx¥¥¥555VVVÇÇÇ:

p̃ =
1 + rf − d

u − d
, q̃ = 1− p̃ =

u − (1 + rf )

u − d
,

1���§ü>Ó¦±p̃, 1���§ü>Ó¦±1− p̃, ,�
�\

∆0 =
V1(H)− V1(T )

S1(H)− S1(T )

X0 =
1

(1 + rf )
(p̃V1(H) + (1− p̃)V1(T )) = V0
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USTC

Ï�½d: ºx¥5½d

��ªÏ�½d

V0 =
1

(1 + rf )
(p̃V1(H) + (1− p̃)V1(T ))

S0 =
1

(1 + rf )
(p̃S1(H) + (1− p̃)S1(T ))

p̃�q̃ þ�u", §�Ø´ý¢�VÇpÚq, éuý¢�VÇ
3ºx���b�e

S <
1

(1 + rf )
(pS1(H) + (1− p)S1(T ))
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§1.1 ü�ã��ä�.

1.1.2 EEE���]]]���|||ÜÜÜ

B: Ý]IÅ�]7êþ (e�Kê, L«/\ |B| ]7.) B
=~1.1.1�X0 −∆0S0.

∆: 	ï�¦�êþ

K (B,∆) ¡�EEE���]]]���|||ÜÜÜ, ·�F"{
(1 + r)B + ∆S(h, u) = X (h, u)
(1 + r)B + ∆S(h, d) = X (h, d)

)d�ª��,  ∆ = X (h,u)−X (h,d)
uS(0)−dS(0)

B = uX (h,d)−dX (h,u)
(1+r)(u−d) .
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§1.1 ü�ã��ä�.

1.1.2 EEE���]]]���|||ÜÜÜ

B: Ý]IÅ�]7êþ (e�Kê, L«/\ |B| ]7.) B
=~1.1.1�X0 −∆0S0.

∆: 	ï�¦�êþ

K (B,∆) ¡�EEE���]]]���|||ÜÜÜ, ·�F"{
(1 + r)B + ∆S(h, u) = X (h, u)
(1 + r)B + ∆S(h, d) = X (h, d)

)d�ª��,  ∆ = X (h,u)−X (h,d)
uS(0)−dS(0)

B = uX (h,d)−dX (h,u)
(1+r)(u−d) .
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§1.1 ü�ã��ä�.

EEE������{{{½½½ddd

d�d½Æ:

�Ó�ÂÃ: (1 + r)B + ∆S(h, ω) = X (h, ω), ω ∈ {u, d}
⇓

�Ó�d�: B + ∆S(0) = X (0)

�\ B Ú ∆ �úª, ·���ÏÏÏ���ddd���

X (0) =
1

1 + r

(
1 + r − d

u − d
X (h, u) +

u − 1− r

u − d
X (h, d)

)
.

Y. CHEN 7K�Å©Û



USTC

§1.1 ü�ã��ä�.

~~~ 1.1 �Ä�ü�ã�., h = 1, S(0) = 4, u = 2, d = 1/2,
r = 1/4. ¦�1d�� K = 5 �îªwÞÏ�d�.

))): 5¿� S(1, u) = 8, S(1, d) = 2, k X (1, u) = 3, X (1, d) = 0.
·�I� {

(1 + r)B + ∆8 = 3
(1 + r)B + ∆2 = 0

)d�ª�� ∆ = X (h,u)−X (h,d)
uS(0)−dS(0) = 3

1.5×4 = 1
2 .

B = uX (h,d)−dX (h,u)
(1+r)(u−d) =

− 1
2
×3

(1+0.25)×1.5 = −0.8.

u´X0 = B + ∆S0 = −0.8 + 0.5× 4 = 1.2.

Y. CHEN 7K�Å©Û
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§1.1 ü�ã��ä�.

½ö��|^úª��Ï�d��

X (0) =
1

1 + r

(
1 + r − d

u − d
X (h, u) +

u − 1− r

u − d
X (h, d)

)
=

1

1 + 0.25

1 + 0.25− 0.5

2− 0.5
× 3 = 1.2

=, 3Ð©��Ý]IÅ -0.8, ï\ 1/2 °�¦ (�O 1.2).

K3�� 1, XJ�¦þÞ, KÂÃ� 3;

e�¦eü, KÂÃ� 0.

éAuÏ�ÂÃ.

3þ~¥, XJb�Ð©ãL´ 1.2, TXÛ?1E�º

Y. CHEN 7K�Å©Û
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§1.1 ü�ã��ä�.

1.1.3 ½½½|||������555

½½½ÂÂÂ 1.2 (��½|). �����¦½|�.¡�´���, X
J?ÛîªÏ�k��E��Ý]|Ü(B,∆).

½½½nnn 1.1 �����¦½|�.´�����=�

d < u.

yyy²²². ½|����=�e��§|k){
(1 + r)B + ∆uS(0) = X (h, u)
(1 + r)B + ∆dS(0) = X (h, d)

= d < u.

Y. CHEN 7K�Å©Û
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§1.1 ü�ã��ä�.

@@@|||ÝÝÝ]]]|||ÜÜÜ (arbitrage portfolio)

½½½ÂÂÂ 1.2 (@|Ý]|Ü) Ý]|Ü (B,∆) ¡�@|Ý]|Ü,
XJ§÷ve¡n�5�:

1 B + ∆S(0) = 0

2 (1 + r)B + ∆S(h, ω) ≥ 0 é¤¤¤kkk ω ∈ {u, d}
3 (1 + r)B + ∆S(h, ω) > 0 é,,,��� ω ∈ {u, d}.

Ã@| (arbitrage-free)

½½½ÂÂÂ 1.3 �����¦d��.¡�´Ã@|, XJØ�3@|
Ý]|Ü.

Y. CHEN 7K�Å©Û



USTC

§1.1 ü�ã��ä�.

½½½nnn 1.2 �����¦½|�.´ÃÃÃ@@@|||�����=�

d < 1 + r < u.

yyy²²²:

(1) XJ 1 + r ≤ d < u, K�lÕ1/a¿ï\�¦¼�@|.

(2) XJ d < u ≤ 1 + r , K����¦¿òaÝ]�Õ1
¼�
@|.
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§1.1 ü�ã��ä�.

½½½nnn 1.2 �����¦½|�.´ÃÃÃ@@@|||�����=�

d < 1 + r < u.

yyy²²²:

(1) XJ 1 + r ≤ d < u, K�lÕ1/a¿ï\�¦¼�@|.

(2) XJ d < u ≤ 1 + r , K����¦¿òaÝ]�Õ1
¼�
@|.
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§1.1 ü�ã��ä�.

1.1.4 ºººxxx¥¥¥555ÿÿÿÝÝÝ

½½½ÂÂÂ 1.4 (qu, qd) ¡�ºx¥5ÿÝ, XJ§÷v

(1) quS(h, u) + qdS(h, d) = (1 + r)S(0),

(2) qu + qd = 1,

(3) qu, qd > 0.

d (1) Ú (2), ·�k

qu = 1+r−d
u−d Ú qd = u−1−r

u−d ,

d (3), ºx¥5ÿÝ�3��=�

d < 1 + r < u

½½½���ddd///, ������½½½|||���...´́́ÃÃÃ@@@|||���.
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§1.1 ü�ã��ä�.
ºººxxx¥¥¥555½½½dddúúúªªª

½½½nnn: ºx¥5½dúª´

X (0) =
1

1 + r
EQ [X (h)] ,

Ù¥ Q ���mþ {u, d} �ºx¥5ÿÝ:

Q({u}) = qu Ú Q({d}) = qd .

yyy²²² dE��{���Ï�½dúª´

X (0) =
1

1 + r

(
1 + r − d

u − d
X (h, u) +

u − 1− r

u − d
X (h, d)

)
=

1

1 + r
(quX (h, u) + qdX (h, d))

=
1

1 + r
EQ [X (h)] .

Y. CHEN 7K�Å©Û
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Outline

111nnnÙÙÙ ������äää���...

1.1 üüü���ããã������äää���...

{ü�.

ëëëYYY���EEE���...

1.2 õ�ã��ä�.

1.3 �E��ä
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§1.1 ü�ã��ä�.

���������///,

�Ä�¦äkëY�E�ëYE|�Ãºx|Ç���ä�..

. h: �ÏF . r : ëYE|�Ãºx|Ç

. δ: ëYE|©ù'Ç . S(0): Ð©�¦d�

. S(h, u) = uS(0): 3�� h ?uG� u ��¦d�

. S(h, d) = dS(0): 3�� h ?uG� d ��¦d�

. X (h, u): 3�� h ?uG� u �Ï��|G

. X (h, d): 3�� h ?uG� d �Ï��|G
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§1.1 ü�ã��ä�.

ü�ã��ä�.

888III: ¦¦¦ÑÑÑÏÏÏ���ddd��� X(0).
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§1.1 ü�ã��ä�.

E�]�|Ü

B: Ý]IÅ�]7êþ

∆: 	ï�¦�êþ

K (B,∆) ¡�EEE���]]]���|||ÜÜÜ, XJ{
erhB + ∆eδhS(h, u) = X (h, u)
erhB + ∆eδhS(h, d) = X (h, d)

)d�ª��, {
B = e−rh uX (h,d)−dX (h,u)

u−d
∆ = e−δh X (h,u)−X (h,d)

uS(0)−dS(0)

Y. CHEN 7K�Å©Û
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§1.1 ü�ã��ä�.

E��{ d���ddd½½½ÆÆÆ:

�Ó��5ÂÃ : erhB + ∆eδhS(h, ω) = X (h, ω), ω ∈ {u, d}
⇓

�Ó�d� : B + ∆S(0) = X (0)

�\ B Ú∆ �úª, ·���ÏÏÏ���ddd���

X (0) = e−rh

(
e(r−δ)h − d

u − d
X (h, u) +

u − e(r−δ)h

u − d
X (h, d)

)
.

Y. CHEN 7K�Å©Û
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§1.1 ü�ã��ä�.
~ 1.2 (E��{) �Ä�ü�ã��ä�.:

S(0) = 41, u = 60/41, d = 30/41.

h = 1, r = 8%, δ = 0%.

(½�ÏF�c, �1d�� 40 �îªwÞÏ�d�.

))): ·�kS(1, u) = 60/41× 41 = 60 �
S(1, d) = 30/41× 41 = 30. ¦)�ª{

e0.08B + 60∆ = (60− 40)+ = 20
e0.08B + 30∆ = (30− 40)+ = 0,

Ù¥ (B,∆) ½ÂXc, ·�k

B = −18.462 Ú ∆ = 0.667

Ïd,
C (40) = B + ∆S(0) = 8.871.

Y. CHEN 7K�Å©Û
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§1.1 ü�ã��ä�.
~ 1.2 (E��{) �Ä�ü�ã��ä�.:

S(0) = 41, u = 60/41, d = 30/41.

h = 1, r = 8%, δ = 0%.

(½�ÏF�c, �1d�� 40 �îªwÞÏ�d�.

))): ·�kS(1, u) = 60/41× 41 = 60 �
S(1, d) = 30/41× 41 = 30. ¦)�ª{

e0.08B + 60∆ = (60− 40)+ = 20
e0.08B + 30∆ = (30− 40)+ = 0,

Ù¥ (B,∆) ½ÂXc, ·�k

B = −18.462 Ú ∆ = 0.667

Ïd,
C (40) = B + ∆S(0) = 8.871.

Y. CHEN 7K�Å©Û
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§1.1 ü�ã��ä�.

@|Ý]|Ü (3ëY�E�/e)

½½½ÂÂÂ 1.2’ Ý]|Ü (B,∆) ¡�@|Ý]|Ü, XJ¦÷ve¡
n�5�:

1 B + ∆S(0) = 0

2 erhB + ∆eδhS(h, ω) ≥ 0 é¤¤¤kkk ω ∈ {u, d}
3 erhB + ∆eδhS(h, ω) > 0 é,,,��� ω ∈ {u, d}.

Ã@| (3ëY�E�/e)

½½½ÂÂÂ 1.3’�����������¦¦¦ddd������...¡�´Ã@|, XJØ�3@|
Ý]|Ü.

Y. CHEN 7K�Å©Û
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§1.1 ü�ã��ä�.

½½½nnn 1.2’ 3ëY�E�/e, �����¦½|�.´ÃÃÃ@@@|||
��� ��=�

d < e(r−δ)h < u.

yyy²²²:

(1) XJ e(r−δ)h ≤ d < u, K�lÕ1/a¿ï\�¦¼�@|.

(2) XJ d < u ≤ e(r−δ)h, K����¦¿òaÝ]�Õ1
¼
�@|.

Y. CHEN 7K�Å©Û



USTC

§1.1 ü�ã��ä�.

½½½nnn 1.2’ 3ëY�E�/e, �����¦½|�.´ÃÃÃ@@@|||
��� ��=�

d < e(r−δ)h < u.

yyy²²²:

(1) XJ e(r−δ)h ≤ d < u, K�lÕ1/a¿ï\�¦¼�@|.

(2) XJ d < u ≤ e(r−δ)h, K����¦¿òaÝ]�Õ1
¼
�@|.
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§1.1 ü�ã��ä�.

ºººxxx¥¥¥555ÿÿÿÝÝÝ (ëëëYYY���EEE���///)

½½½ÂÂÂ 1.4 (qu, qd) ¡�ºx¥5ÿÝ, XJ§÷v

(1) que
δhS(h, u) + qde

δhS(h, d) = erhS(0),

(2) qu + qd = 1,

(3) qu, qd > 0,

d (1) Ú (2), ·�k {
qu = e(r−δ)h−d

u−d
qd = u−e(r−δ)h

u−d ,

d (3), ºx¥5ÿÝ�3��=�

d < e(r−δ)h < u

½½½���ddd///, ������½½½|||���...´́́ÃÃÃ@@@|||���.
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§1.1 ü�ã��ä�.
ºx¥5½dúª

½½½nnn: ºx¥5½dúª´

X (0) = e−rhEQ [X (h)] ,

Ù¥ Q ���mþ {u, d} �ºx¥5ÿÝ:

Q({u}) = qu Ú Q({d}) = qd .

yyy²²² dE��{���Ï�½dúª´

X (0) = e−rh

(
e(r−δ)h − d

u − d
X (h, u) +

u − e(r−δ)h

u − d
X (h, d)

)
= e−rh (quX (h, u) + qdX (h, d))

= e−rhEQ [X (h)] .
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§1.1 ü�ã��ä�.

~ 1.3 (ºx¥5½d) �Ä�ü�ã½|�.

S(0) = 41, u = 60/41, Ú d = 30/41.

h = 1, r = 8%, Ú δ = 0%.

(½�cÏ�1d�� 40 �îªwÞÏ��d�.

))): du = 60
41 Ú d = 30

41 , �ºx¥5ÿÝ�{
qu = e(r−δ)h−d

u−d = 0.48

qd = u−e(r−δ)h
u−d = 0.52

Ïd, dddºººxxx¥¥¥555½½½dddúúúªªª���,

C (40) = e−rh (quC (h, u) + qdC (h, d)) = 8.871.
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§1.1 ü�ã��ä�.

555: (ºººxxx¥¥¥555ÿÿÿÝÝÝ)

�½ü�ÀJ:

(a) ÂÃ $1000

(b) ±VÇ 1/2 ÂÃ $2000 ½ $0.

ºººxxx������Ý]öÀJ (a)

ºººxxx¥¥¥555Ý]öé (a) ½ (b) Ã�É.

ü�­��5º:

1 3ºx¥5ÿÝe, ?Û]� (�¦!Ï�!IÅ)�Ï"£
�ÇÑ�uÃºx|Ç.

2 ºx¥5ÿÝ´�
Ï�½d�B
<�ME�ÿÝ.
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Outline

1nÙ ��ä�.

1.1 ü�ã��ä�.

{ü�.

ëY�E�.

1.2 õõõ���ããã������äää���...

1.3 �E��ä
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§1.2 õ�ã��ä�.
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§1.2 õ�ã��ä�.
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§1.2 îªÏ�½d(T=2)
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§1.2 îªÏ�½d(T=2)
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§1.2 îªÏ�½d(T=2)
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§1.2 îªÏ�½d(T=2)
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§1.2 õÏîªÏ�½d
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§1.2 õÏîªÏ�½d
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§1.2 õÏîªÏ�½d
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§1.2 õ�ã��ä�.

1.2.1 N �ã���ä�.

��´�m: {0, h, 2h, . . . ,Nh}.
T = Nh ´�ÏF, h z�ã�m.

r : Ãºx|Ç

δ: ëY�E|Ç

S(0): �¦Ð©d�

�½�þ,Úeü'Ç d < u.
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§1.2 õ�ã��ä�.

3�� nh �¤k�G��

Ωn = {un, un−1d , . . . , dn}.

3�� t = nh uG� ω ∈ Ωn ��¦d�P�

S(t, ω).

3�� nh uG� ωk = ukdn−k ��¦d�´

S(nh, ωk) = ukdn−kS(0), 0 ≤ k ≤ n ≤ N.
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§1.2 õ�ã��ä�.

îªÏ��ÂÃ

3�ÏFuG� ukdN−k ��¦d��

S(T , ukdN−k)

3�ÏFuG� ukdN−k , �1d� K �îªÏ�ÂÃ�

wwwÞÞÞ: X (T , umdN−m) =
[
S(T , umdN−m)− K

]
+
,

wwwOOO: X (T , umdN−m) =
[
K − S(T , umdN−m)

]
+
.

S(T ) Ú X (T ) ´�Å�.

� S(T , ukdN−k) Ú X (T , ukdN−k) ´������ÅÅÅ���®®®������.
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§1.2 õ�ã��ä�.
îªÏ��ºx¥5½dúª

½½½nnn 1.1. îªÏ��ºx¥5½dúª�

X (0) = e−rTEQ [X (T )]

= e−rT
N∑

m=0

(
N
m

)
qmu q

N−m
d X (T , umdN−m),

Ù¥

(
N
m

)
= N!

m!(N−m)! .

Q ¡�´���m {dN , udN−1, . . . uN−1d , uN} þ�ºx¥
5ÿÝ, ÷v

Q{umdN−m} =

(
N
m

)
qmu q

N−m
d .
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§1.2 õ�ã��ä�.

ü�ãºx¥5ÿÝ´

qu =
e(r−δ)h − d

u − d
Ú qd =

u − e(r−δ)h

u − d
.
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§1.2 õ�ã��ä�.
Äu��ä�.�îªÏ�ºx¥5½dL§�:

1. �E�¦d�� N-�ã��ä�.

S(nh, ukdn−k) = ukdn−kS(0), for 0 ≤ k ≤ n ≤ N.

2. (½�ÏFîªÏ�3ØÓG�e�ÂÃ:

X (T , uNdN−k), 0 ≤ k ≤ N.

1. éz��ãO�ºx¥5ÿÝ

qu =
e(r−δ)h − d

u − d
Ú qd =

u − e(r−δ)h

u − d
.

4. |^eªO�îªÏ�d�:

X (0) = e−rT
N∑

m=0

(
N
m

)
qmu q

N−m
d X (T , uNdN−m)
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§1.2 õ�ã��ä�.

~~~ 1.4 �Ä�2-�ãîªwÞÏ�, �ÏF´ 2 ��, zã�Ï
´���.

r = 6% Ú δ = 0%

S(0) = 100 Ú K = 103

u = 1.05 Ú d = 0.95

(½Ï�d�.

))): qu = e0.06/12−d
u−d = 0.5501 � qd = 1− qd = 0.4499. K

C (100, 103,
1

6
)

= e−0.06/6
[
q2u(100u2 − 103)+ + 2quqd(100ud − 103)+

+q2d(100d2 − 103)+

]
= 2.1721.
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§1.2 õ�ã��ä�.

~~~ 1.5 �Än�ãîª²dwOÏ�, zã�Ï´�c.

r = 10% Ú δ = 6.5%

S(0) = 300

u = 1.25 Ú d = 0.7.

(¢Ï�d�.

))): ü�ãºx¥5ÿÝ�

qu =
e0.1−0.065 − d

u − d
= 0.6102� qd = 1− qd = 0.3898.

KwOÏ�d��

P(300, 300, 3) = e−0.1×3
[
3quq

2
d(300− 300u2d) + q3d(300− 300d3)

]
= 32.5997.
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§1.2 õ�ã��ä�.

~~~ 1.5 �Än�ãîª²dwOÏ�, zã�Ï´�c.

{ü|Ç r = 10%

S(0) = 300

u = 1.25 Ú d = 0.7.

(½Ï�d�.

))): ü�ãºx¥5ÿÝ� qu = (1 + r − d)/(u − d) = 8/11.

P(300, 300, 3) =
3quq

2
d(300− 300u2d) + q3d(300− 300d3)

(1 + r)3

= 32.5997.
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Outline

1nÙ ��ä�.

1.1 ü�ã��ä�.

1.2 õ�ã��ä�.

1.4 ���EEE������äää
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§1.4 �E��ä

u Ú d �ÀJ

�Ïä (Forward tree){
u = e(r−δ)h+σ

√
h

d = e(r−δ)h−σ
√
h,

Ù¥ σ > 0 ¡��¦�(cz) ÅÄÇ (volatility).

Cox-Ross-Rubinstein ä{
u = eσ

√
h

d = e−σ
√
h
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§1.3 �E��ä

Jarrow-Rudd ä {
u = e(r−δ−0.5σ

2)h+σ
√
h

d = e(r−δ−0.5σ
2)h−σ

√
h

♠ éuk��ã N ¬��(JØÓ;

♠ � N →∞ (h→ 0+), ØÓ��{���d�ªu�Ó!
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§1.3 �E��ä

~ 1.4 (��ä)

�Ä��ÏF´ 9 ���Äu{� (dollar-denominated) �=�
îªwOÏ�, Ù¥

8c��d�´z=� 1.43 {�

wOÏ���1d�� 1.56 {�/=�

��'~�ÅÄÇ´ σ = 0.3

{��Ãºx|Ç´ 8%

=��Ãºx|Ç´ 9%

|^n�ã��Ïä5O�wOÏ�d�.
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§1.3 �E��ä

))): 'Ç´

u = e(0.08−0.09)×0.25+0.3
√
0.25 = 1.158933

d = e(0.08−0.09)×0.25−0.3
√
0.25 = 0.858559.

Kü�ã�ºx¥5VÇ�

qu =
e(0.08−0.09)×0.25 − d

u − d
= 0.4626 Ú qd = 0.5374.

|^ºx¥5½dúª��

wOd� = 0.2256.
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