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ç�H1) d��ÅÒ6 x2)
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�3)

¹כ ���

Ãºe��Ò�¦ l�çß�½̈�̧(term structure of interest rates, s�
� Ãºe��Ò�¦/BG���)��H ��«Ñ_� $í
���

s� �â
r�&h�(longitudinal)s�Ù¼�Ð ëß�l���t� l�çß�õ� r�çß��̀¦ 1lxr�\� {9�§4����Ãº�Ð �¦�9K���ëß�

Ä»6 x
��¦ ò́Ö�¦&h���� �<ÊÃºÆÒ&ñ
s� ��0px
���. Õª�Q�� s��Qô�Ç ~½ÓZO��Ér ��ÀÒ#Q�� 
���H ��«Ñ��

@/6 x|¾Ós�l� M:ë�H\� @/6 x|¾Ó ��«Ñ\� &h�½+Ë
��¦ z�́'��5Åq�̧�� ���Ér ÆÒ&ñ
l�ZO��̀¦ >hµ1Ï
���H �	כ

s� 
¹כ��9���. ô�Ç¼#� ��«Ñ\� ?/F�
���H ��l��©��'a$í
 ½̈�̧ M:ë�H\� õ�@/ &h�½+Ë�)a ÆÒ&ñ
 ���õ�\�¦

%3�l� ~1���. ����"f �:r �7Hë�H\�"f��H s��Qô�Ç ë�H]j\�¦ K����
�l� 0AK�"f ��×�æ LS-SVM(least

squares support vector machine, þj�è]jY�L "f�íàÔ 7�'�l�>�)_� �D¥½+Ë�̧+þA�̀¦ ]jîß�ô�Ç��. p�

²DG F�ÁºÂÒ G��Ý¶\� @/ô�Ç ��YV���½̈\�¦ :�xK�"f ÆÒ&ñ
 ���õ��� 7£x�Ý¶r��©� Ô�æõ� °ú �Ér s�YV&h� ��

|	�_� �&³�©��̀¦ ú̧� ìøÍ%ò

��¦ e��6£§�̀¦ SX����½+É Ãº e��%3���.

ÅÒ¹6כ x#Q: ��×�æ þj�è]jY�L "f�íàÔ 7�'�l�>�, "f�íàÔ 7�'�l�>�, Ãºe��Ò�¦ l�çß�½̈�̧, Ãºe��Ò�¦/BG���,
�D¥½+Ë�̧+þA.

1. "V*́0

Ãºe��Ò�¦/BG����Ér Ãºe��Ò�¦õ� ëß�l���t� l�çß�_� �<ÊÃº�'a>��Ð &ñ
_�÷&��HX< r��©� &ñ
�Ð\�¦ ú̧� ����

?/��H �Ü¼�Ð	כ ·ú��94R e��#Q"f �â
l�\� @/ô�Ç l�@/d��o� �����, Ãºe��Ò�¦\� ���y��ô�Ç ��íß�[þt_� �����
���&ñ
, ���ª�ô�Ç �â
]j���Ãº_� ÆÒ&ñ
 1px�̀¦ 0Aô�Ç �̧½̈�Ð V,�o� �Ö̧6 x�)a��. Ãºe��Ò�¦/BG���_� ÆÒ&ñ
�Ér ß¼
>� Vasicek (1977), Cox 1px (1985)_� s��:r&h� ]X���HZO�õ� McCulloch (1971), Nelsonõ� Siegel
(1987), Linton 1px (2000), Krivobokova 1px (2006)_� :�x>�&h� ]X���HZO�s� e����. s��:r&h� ]X���HZO�
�Ér Ãºe��Ò�¦ 1lx&h��̧+þA(dynamics)�̀¦ ���½ÓÜ¼�Ð r��©�\�"f Áº0A+«>	�e����A�(arbitrage) s�e��s� µ1Ï
Òqt
�t� ·ú§�̧2�¤ 
���H G��Ý¶����� �̧+þA�̀¦ ¹1Ô��H ~½ÓZO�s���. s��Qô�Ç �̧+þA�Ér Ãºe��Ò�¦/BG��� ����o\� @/
ô�Ç {9��'a$í
 e����H [O�"î
s� ��0pxô�Ç �©�&h�s� e��Ü¼�� 1lx&h��̧+þA_� �&³z�́$í
 <�Ê�Ér ��_�$í
 ë�H]jü< �<Êa�

z�́]j r��©�õ�_� 	�s��Ð Áº0A+«>	�e����A� ��0px$í
�̀¦ C�]j
�l� #Q§>�����H ë�H]j&h�s� e����. Hoü<
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³ð 1.1: ³ðl�ZO� &ñ
o�

³ðl� [O�"î
 ³ðl� [O�"î


W−1 �̧	� /BNì�ríß� '��§>= ϕ(·) q����+þA ���©��<ÊÃº(nonlinear mapping function)
T

���u�(transpose) γ ZO�gË: �̧Ãº(penalty parameter)
w >�Ãº  7�'� σ2 &�V,� �̧Ãº(kernel parameter)
α ��Õª|½ÓÝ¼ 5pxÃº  7�'� σ2

d �©��'a$í
s� ]j���)a �̧	��½Ó_� ì�ríß�

K ����̂ &�V,�'��§>= Kij K_� i'��, j\P� ÕªÒ�̈\� K�{©�
���H ÂÒì�r'��§>=

λ �̧Ãº|9�½+Ë(γ,σ2) K·j K_� ����̂'��, j\P� ÕªÒ�̈\� K�{©�
���H ÂÒì�r'��§>=

θ ��×�æu�  7�'� θj jÕªÒ�̈_� ��×�æu�

n ����̂ ��«ÑÃº ni iÕªÒ�̈_� ��«ÑÃº

yi iÕªÒ�̈_� Ø�¦§4�°úכ ŷi
λ ����̂��«Ñü< λ\�¦ s�6 x
�#� ÆÒ&ñ
ô�Ç iÕªÒ�̈_� ÆÒ&ñ
u�

ŷ
(−i)
λ iÕªÒ�̈�̀¦ �É� ����̂��«Ñü< λ\�¦ s�6 x
�#� ÆÒ&ñ
ô�Ç iÕªÒ�̈_� ÆÒ&ñ
u�

Lee (1986) 1px�Ér s��Qô�Ç &h��̀¦ �¦�9
�#� z�́]j ��«Ñ\�¦ {9�§4�Ü¼�Ð �Ö̧6 x
���H �̧+þA�̀¦ ]jîß�
�%i�Ü¼
�� Backus 1px (1996)\� _�K� #����y� Áº0A+«>	�e����A� ��0px$í
�̀¦ C�]j
�l� #Q§>�����H ��s	כ t�
&h��)a��e����.:�x>�&h�]X���HZO��ÉrÛ¼e�¦�����õ�°ú �ÉrÄ»���ô�Ç�<ÊÃº�Ð��«Ñ\�¦���©� ú̧�&h�½+Ë
��̧2�¤

���H ½+É����<ÊÃº <�Ê�Ér �&³ÓütÃºe��Ò�¦ �<ÊÃº\�¦ ¹1Ô�̧2�¤ 
���H ~½ÓZO�s���. s��Qô�Ç �̧+þA�Ér z�́]j ��«Ñ_�
@/ÂÒì�rs� [O�"î
 ��0px
��¦ q��̧Ãº :�x>� l�ZO�_� �â
Äº �̧+þA\� @/ô�Ç ����� &ñ
_�\�¦ 
�t� ·ú§l� M:

ë�H\� ú̧�3lw�)a �̧+þA[O�&ñ
\� _�ô�Ç ������̧	��� K�fç
0A+«>�̀¦ x�½+É Ãº e������H �©�&h�s� e����. Õª�Q��
s��:r&h� ]X���HZO�õ���H ìøÍ@/�Ð Ãºe��Ò�¦/BG��� ����o\� @/ô�Ç {9��'a$í
 e����H [O�"î
s� ~1�t� ·ú§�Ér éß�&h�s�

e����. s�ü< °ú s� Ãºe��Ò�¦/BG���_� ÆÒ&ñ
ZO��Ér �©� ñ �Ð¢-a&h���� �©�éß�&h��̀¦ °ú�Ü¼ 9 M:�Ð��H :�x>�&h� ]X�
��HZO�s� s��:r&h� �̧+þA\� @/ô�Ç ��{©�$í
 ���½̈_� ���½Ós� ÷&l��̧ ô�Ç��.
Ãºe��Ò�¦ ��«Ñ��H r��©�\�"f ��A�÷&��H G��Ý¶[þt\� @/ô�Ç �â
r�&h� �̧��_� +þAI��Ð %3�#Qt�l� M:ë�H

\� Ãºe��Ò�¦/BG���_� ÆÒ&ñ
\� K�{©�
���H S �éß����ì�r$3�õ� �©�éß�l� G��Ý¶_� Ãºe��Ò�¦ ÆÒs�\�¦ ¶ú�x���H r�

>�\P�ì�r$3�s� �̧¿º ��0px
���. Õª�Q�� éß�í�Hy� S �éß����ì�r$3� <�Ê�Ér r�>�\P�ì�r$3�%�!3� ô�Ç ��t� &ñ
�Ð
ëß��̀¦ �Ö̧6 x
���H ~½ÓZO� �Ð����H ÅÒ#Q��� &ñ
�Ð\�¦ �̧¿º �Ö̧6 x
���H ~½ÓZO�s� �8 Ä»6 x
��¦ ò́Ö�¦&h���� ÆÒ

&ñ
�̀¦��0px
�>�
�#���� ñ�)a��. ¢̧ô�Ç ú̧� î̈
�Ö̧�o�)a���õ���Hs��©�&h�µ1ÏÒqtx9�Ãºe��Ò�¦/BG���_� î̈
'��
s�1lxõ� l�Ö�¦l� ����o °ú �Ér �&³�©��̀¦ ô�Çè�H\� �����½+É Ãº e��Ü¼Ù¼�Ð Û¼áÔYU×¼ ��A�°ú �Ér ÈÒ�����|ÄÌ

\�Ä»6 x
�>���6 x÷&#Q|9�Ãºe����.Õª�Q��s�XO�>�ëß�l���t�l�çß�õ�r�çß�s�{9�§4����Ãº���Ãºe��
Ò�¦ �<ÊÃº\�¦ î̈
�Ö̧�o 
�#� ÆÒ&ñ

���H ~½ÓZO��Ér ��ÀÒ#Q�� 
���H ��«Ñ�� @/6 x|¾Ós�l� M:ë�H\� :£¤Z>�ô�Ç

ÆÒ&ñ
~½ÓZO�s� .��a(�̈½¹כ ¢̧ô�Ç >hZ>� G��Ý¶_� r�çß�\� ���Ér Ãºe��Ò�¦ ����o\�¦ ¶ú�(R�Ð��� ��l��©��'a$í

s� �>rF�
���H �¦̀�	כ ·ú� Ãº e����HX< s��Qô�Ç ½̈�̧\�¦ Áºr�
���H �â
Äº õ�@/ &h�½+Ë�)a ���õ�\�¦ %3�>� ÷&

��H ë�H]j&h�s� e����. ����"f �:r �7Hë�H\�"f��H ��l��©��'a$í
\� @/ô�Ç K�ZO�Ü¼�Ð ��×�æ LS-SVM�̀¦ ��
6 x
��¦ @/6 x|¾Ó��«Ñ\� @/ô�Ç K�ZO�Ü¼�Ð �D¥½+Ë�̧+þA�̀¦ ��6 x
���H ��×�æ LS-SVM_� �D¥½+Ë�̧+þA�̀¦ ]j
îß�ô�Ç��. Õªo��¦ s��Qô�Ç ~½ÓZO�_� Ä»6 x$í
�̀¦ z�́7£x&h���� 8£¤���\�"f ·ú����Ðl� 0AK�"f p�²DG F�ÁºÂÒ
G��Ý¶\� @/ô�Ç ��YV���½̈\�¦ z�́r�
�%i���.
�:r �7Hë�H�Ér ��6£§õ� °ú s� ½̈$í
�)a��. Äº��� �7Hë�H\� ��6 x÷&��H ³ðl�ZO��̀¦ ³ð 1.1\� &ñ
o�ô�Ç��.
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2]X�\�"f��H ��×�æ LS-SVM\� @/K�"f çß�|ÄÌy� ·ú����Ð�¦, 3]X�\�"f��H ��×�æ LS-SVM_� �D¥½+Ë�̧+þA
õ� >h����)a �§	���{©�$í
 �<ÊÃº\�¦ ]jîß�ô�Ç��. 4]X�\�"f��H ��×�æ LS-SVM_� �D¥½+Ë�̧+þAÜ¼�Ð p�²DG F�
ÁºÂÒ G��Ý¶_� Ãºe��Ò�¦/BG����̀¦ ÆÒ&ñ

��¦ 7£x�Ý¶r��©� Ô�æõ�ü< °ú �Ér s�YV&h� ��|	�õ� ����'at�#Q K�$3�

K��:r��. ��t�}��Ü¼�Ð 5]X�\�"f��H �7Hë�H_� ����:r�̀¦ ë�B��H��.

2. ���¾� LS-SVM

p>h_�{9�§4����Ãºü< 1>h_�Ø�¦§4����Ãº\�@/ô�Ç��«Ñ|9�½+Ës� Z = {xl, yl}n
l=1, xl ∈ Rp+1, yl ∈

R�Ð ÅÒ#Q&���̀¦ M: �©�Ãº�½Ó�̀¦ �í�<Ê
���H ��×�æ LS-SVM �̧+þA�Ér Q = (ϕ(x1), . . . ,ϕ(xn)), y =
(y1, . . . , yn)T�Ð &ñ
_�
�#� ��6£§õ� °ú s� ³ð�&³½+É Ãº e����.

y = QT w. (2.1)

�̧	��½Ó e�� î̈
ç�Hs� 0s��¦ ì�ríß�s� σ2
dW−1

��� �����|¾Ó ì�r�í\�¦ ���Ér���¦ ��&ñ

���� ��×�æ LS-
SVM_� 3lq&h��<ÊÃº J(w, e)��H ��6£§õ� °ú �¦,

min
w, e

J(w, e) =
1
2
wT w +

γ

2
eT We, (]j���d�� : y = QT w + e) (2.2)

��Õª|½ÓÝ¼ �<ÊÃº L(w, e;α)��H ��6£§õ� °ú s� ½̈$í
½+É Ãº e����.

L(w, e;α) = J(w, e)−αT (QT w + e− y)

=
1
2
wT w +

γ

2
eT We−αT (QT w + e− y).

(2.3)

þj&h��̧|	��Ér d�� (2.3)�̀¦ w, e,α\� @/K�"f ¼#�p�ì�rô�Ç ��6£§_� ���õ��ÐÂÒ'� ÅÒ#Qt��¦,

∂L

∂w
= 0 ⇒ w = Qα,

∂L

∂e
= 0 ⇒ e =

1
γ

W−1α,

∂L

∂α
= 0 ⇒ QT w + e = y

(2.4)

Mercer (1909)_� �̧|	��̀¦ ëß�7á¤
���H &�V,��<ÊÃº(K(xi,xj) = ϕ(xi)T ϕ(xj))\�¦ ��6 xK�"f K =
QT Q�Ð &ñ
_�
�#� &ñ
o�
���� ��6£§_� ���õ�\�¦ %3���H��.

α =
(

K +
1
γ

W−1

)−1

y. (2.5)

0A ���õ�\�¦ d�� (2.4)ü< d�� (2.1)\� @/{9�
�#� &ñ
o�
���� ŷ�Ér þj7áx&h�Ü¼�Ð ��6£§_� d��Ü¼�Ð ½̈K����

����H �¦̀�	כ ·ú� Ãº e����.

ŷ = Kα

= K

(
K +

1
γ

W−1

)−1

y. (2.6)
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�ÃÐ�¦�Ð �:r �7Hë�H\�"f��H #��Q 7áxÀÓ_� &�V,��<ÊÃº ×�æ\�"f ��ÄºÛ¼ &�V,� (Kij = ϕ(xi)T ϕ(xj) =
exp

(
−‖xi − xj‖2/σ2

)
, i, j = 1, . . . , n)_� ��6 x�̀¦ ���]j�Ð ô�Ç��.

3. ���¾� LS-SVM?ê ¾·cÔ�±�¬B�!Ñä ��	����î|;�ê ��°�®

��«Ñ_� ß¼l�\� ����"f &�V,�'��§>=_� 	�"é¶�̧ ²ú���t�l� M:ë�H\� {9�ìøÍ&h�Ü¼�Ð @/6 x|¾Ó ��«Ñ

��� �â
Äº &�V,�'��§>=õ� �'aº���)a %i�'��§>=_� f��]X�&h���� ���íß�s� #Q�9î�r �â
Äº�� ú́§��. ����"f s�

ü< °ú �Ér �â
Äº Suykens 1px (1999)_� CG(conjugate gradient), Keerthiü< Shevade (2003)_�
SMO(sequential minimal optimization) 1pxõ� °ú �Ér :£¤Z>�ô�Ç ·ú��¦o�7£§s� 
¹כ��9�>� �)a��. �:r �7H
ë�H\�"f��H s��Qô�Ç ë�H]j_� K�ZO�Ü¼�Ð �D¥½+Ë�̧+þA�̀¦ s�6 xô�Ç��. s� ~½ÓZO��Ér ��«Ñ_� �©��'a�̀¦ �¦�9K�
"f ����̂��«Ñ\�¦ M>h ÕªÒ�̈Ü¼�Ð ��¾º�¦ y�� ÕªÒ�̈_� ��×�æ LS-SVM\� ��×�æu�\�¦ ÅÒ#Q �D¥½+Ë
���H
~½ÓZO�s���.

3.1. ���¾� LS-SVM?ê ¾·cÔ�±�¬B�!

jÕªÒ�̈_� ��«Ñ|9�½+Ë Zj�ÐÂÒ'� ½̈ô�Ç ��Õª|½ÓÝ¼ 5pxÃº  7�'��� αj {9� M: kj = (K(x,xj
1), . . . ,

K(x,xj
nj

))�Ð &ñ
_�
��¦ d�� (2.6)�̀¦ s�6 x
�#� &ñ
o�
���� �D¥½+Ë�̧+þA\� _�ô�Ç ŷ�Ér ��6£§õ� °ú s� ³ð

�&³½+É Ãº e����.

ŷ(x) =
M∑

j=1

θjkjαj . (3.1)

αj
��H nj � ns�Ù¼�Ð d�� (2.5)\�¦ s�6 x
���� ~1�>� ½̈½+É Ãº e���¦ þj&h�_� θ��H ��6£§_� 3lq&h��<ÊÃº�Ð

ÂÒ'� ½̈½+É Ãº e����.

D =
1
n

M∑
i=1

∣∣∣∣∣∣
∣∣∣∣∣∣yi −

M∑
j=1

θjKijαj

∣∣∣∣∣∣
∣∣∣∣∣∣
2

, (]j���d�� : θj ≥ 0, j = 1, . . . ,M). (3.2)

0A d���̀¦ þj�è�o
���H �ª�Ãº  7�'� θ\�¦ ½̈
���H ��Ér	כ ~1�t� ·ú§Ü¼Ù¼�Ð D�� s�	�d��e���̀¦ y��îß�
�#�

H\�¦ "é¶�è Hij = αiT K·iT K·jαj��� M ×M'��§>=, f\�¦ "é¶�è fj = yT K·jαj��� M × 1'��§>=�Ð
&ñ
_�K�"f &ñ
o�ô�Ç ��6£§_� d��\� QP(quadratic programming)\�¦ &h�6 xK�"f Ãºu�&h�Ü¼�Ð ½̈
�>�
�)a��.

min
θ

(
1
2
θT Hθ − fT θ

)
, (]j���d�� : θ ≥ 0). (3.3)

s�M: ��Ãº_� ��×�æu�(θj)�� 0s� ÷&#Q z�́]j�Ð ô ¥º��Êê ���&ñ
\� æ¼s���H ��«Ñ_� Ãº\�¦ ×�¦#�ÅÒ��H ò́
õ��� e��l� M:ë�H\� ���Ér ÆÒ&ñ
s� ��0pxô�Ç �©�&h�s� e����. ��t�}��Ü¼�Ð ·ú��¦o�7£§�̀¦ &ñ
o�
���� ��6£§
õ� °ú ��.

��×�æ LS-SVM_� �D¥½+Ë�̧+þA

1. ����̂ ��«Ñ\�¦ �©��'a$í
�̀¦ �¦�9K�"f M>h_� ÕªÒ�̈Ü¼�Ð ��è�H��.
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2. y�� ÕªÒ�̈_� ��«Ñ|9�½+Ë Zj�ÐÂÒ'� ��Õª|½ÓÝ¼ 5pxÃº  7�'� αj
\�¦ ½̈ô�Ç��.

3. d�� (3.3)�̀¦ QP�Ð Û�¦#Q"f þj&h�_� θ\�¦ ½̈ô�Ç��.

4. d�� (3.1)�̀¦ s�6 xK�"f þj&h�_� ŷ�̀¦ ½̈ô�Ç��.

3.2. 5��Ôäh²¿ ��	����î|;�ê ��°�®

�̧+þA���×þ�r�{9�ìøÍ&h���� leave-one-out CV(cross validation,�§	���{©�$í
)�<ÊÃº��Hq�ò́Ö�¦&h�s�
Ù¼�Ð ��×�æ LS-SVM�D¥½+Ë�̧+þA\� ú́�ÆÒ#Q �è¹כr�çß��̀¦ ò́õ�&h�Ü¼�Ð ×�¦{9� Ãº e����H >h����)a CV�<Ê
Ãº\�¦ �¦�9K� �Ð��. �̧Ãº|9�½+Ë λ\� @/ô�Ç {9�ìøÍ&h���� leave-one-out CV�<ÊÃº��H ��6£§õ� °ú ��.

CV(λ) =
1
n

M∑
i=1

‖yi − ŷ
(−i)
λ ‖2. (3.4)

0A d���Ér �̧��H λÊê�Ð\� @/K� ŷ
(−i)
λ , i = 1, . . . ,M_� ���íß�s� Ù¼�Ð&÷̈½¹כ �̧+þA���×þ�r� ú́§�Ér r�

çß�s� �è¹כ�)a��. CV�<ÊÃº_� F�½̈$í
�̀¦ 0AK�"f ŷλü< ŷ
(−i)
λ \�¦ &ñ
o�
���� ��6£§õ� °ú ��.

ŷi
λ =

M∑
j=1

θjKijαj =
M∑

j=1

θjKij

(
Kjj +

1
γ

(W j)−1

)−1

yj , (3.5)

ŷ
(−i)
λ =

M∑
j=1,j 6=i

θjKijαj =
M∑

j=1,j 6=i

θjKij

(
Kjj +

1
γ

(W j)−1

)−1

yj . (3.6)

d�� (3.5)ü< d�� (3.6)�̀¦ q��§
���� ŷ
(−i)
λ s� ��6£§õ� °ú s� ��r� ³ð�&³÷&��H �¦̀�	כ ·ú� Ãº e����.

ŷ
(−i)
λ = ŷi

λ − θiKii

(
Kii +

1
γ

(W i)−1

)−1

yi

= ŷi
λ −Ai

λyi. (3.7)

����"f d�� (3.4)��H ��6£§õ� °ú s� ��r� jþt Ãº e����.

CV(λ) =
1
n

M∑
i=1

‖(Inj
+ Ai

λ)yi − ŷi
λ‖2. (3.8)

0A d���Ér �̧��H λÊê�Ð\� @/K� ŷi
λ_� ���íß�s� 1���m��ëß� �l&÷̈½¹כ M:ë�H\� �̧+þA���×þ� r�çß��̀¦ ò́õ�

&h�Ü¼�Ð ×�¦{9� Ãº e����.

4. Éכ{̀� =��®�Å >�¤{¿Qq 71f£­ ��NMO,0;.ã

�:r�7Hë�H\�"f��Hp�²DGF�ÁºÂÒ STRIPS(separate trading of registered interest and principal
of securities)��«Ñ\�@/K���YVì�r$3��̀¦
�%i���. STRIPS��Hs�³ðG�\�¦"é¶�FKõ�s����Ð��¾º#QÄ»
:�xr�v���H ~½ÓZO�Ü¼�Ð G��Ý¶_� 7áxÀÓ\� ���� ²ú���t���H s�³ðò́õ�(coupon effect)\�¦ ì�ro�K�?/Ù¼�Ð
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ÕªaË> 4.1: ÆÒ&ñ
�)a r�çß�õ� ëß�l���t� l�çß� Õªo��¦ Ãºe��Ò�¦_� �<ÊÃº(1998�̧� 7�Z4 ∼ 2003�̧� 7�Z4)

�&³ÓütÃºe��Ò�¦�<ÊÃº\�¦���ÐÆÒ&ñ

���H�:r�7Hë�H_�~½ÓZO�\�&h�½+Ë
���.��«Ñ��H8úx 126,251>h�Ðëß�l�
�� 2003�̧� 8�Z4ÂÒ'� 2033�̧� 5�Z4��t���� 107>h_� G��Ý¶�̀¦ @/�©�Ü¼�Ð 1998�̧� 7�Z4ÂÒ'� 2003�̧� 7�Z4
��t� �̧��
�%i���.r��©�\�"f tr�&h�\�ëß�l���t�l�çß�s� m���]j�ÐÇ̈�:rG�(zero coupon bond)��
Pt,m_� �����Ü¼�Ð ��A��)a����� ���5Åq4�¤o�\� _�ô�Ç Ãºe��Ò�¦(continuously compounded yield)�Ér
y = −log(Pt,m)/m�Ð ~1�>� >�íß��)a��. r�çß�õ� ëß�l���t� l�çß� Õªo��¦ Ãºe��Ò�¦��s�\���H #Q�"�
p�t�_� �<ÊÃº �'a>��� �>rF�
�Ù¼�Ð s��¦̀�	כ g(·)�Ð ��&ñ

���� ��6£§õ� °ú s� ³ð�&³½+É Ãº e����.

y = g(t,m) + ε.

��×�æ LS-SVM �D¥½+Ë�̧+þAÜ¼�Ð g(t, m)\�¦ ÆÒ&ñ

�l� 0AK�"f��H Äº��� ����̂ ��«Ñ_� �©��'a$í
�̀¦ �����
K��� ô�Ç��. >hZ>� G��Ý¶_� r�çß�\� ���Ér Ãºe��Ò�¦ ����o\�¦ ¶ú�(R�Ð��� ��l��©��'a$í
s� �>rF�
���H �¦̀�	כ
·ú� Ãº e��Ü¼�� G��Ý¶[þt ��s�\���H #Q*�ô�Ç �©��'a$í
s� �>rF�ô�Ç���¦ �Ðl� #Q§>���. ����"f ����̂ ��
«Ñ\�¦ G��Ý¶Z>��Ð ÕªÒ�̈f±	�¦ r�çß�\� ���� &ñ
§>=
���� ��l��©��'a$í
\� @/ô�Ç �¦�9�� ��0px
���. �����
�̧�� ���õ� 8úx 107>h ÕªÒ�̈�Ér î̈
ç�H&h�Ü¼�Ð ρ = 0.85��� AR(1)�̧+þA�̀¦ ��ØÔ��H �Ü¼�Ð	כ ����z�¤Ü¼
Ù¼�Ð j���P: ÕªÒ�̈_� nj × nj'��§>= (W j)−1

�Ér ��6£§õ� °ú s� ³ð�&³½+É Ãº e����.

(W j)−1 =
1

1− ρ2



1 ρ ρ2 · · · ρnj−1

ρ 1 ρ · · · ρnj−2

ρ2 ρ 1 · · · ρnj−3

...
...

...
. . .

...
ρnj−1 ρnj−2 ρnj−3 · · · 1

 , ρ = 0.85. (4.1)
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estimates of TSIR on April 1999
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estimates of TSIR on April 2001

0 5 10 15 20 25 30
0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

Years to maturity

Y
ie

ld

estimates of TSIR on April 2002

ÕªaË> 4.2: 2000�̧� 3�Z4 p�²DG 7£xr� Ô�æõ� ���Êê_� ÆÒ&ñ
�)a Ãºe��Ò�¦/BG��� ����o(z�́]j ��«Ñ°úכ(&h�),
ÆÒ&ñ
�)a Ãºe��Ò�¦/BG���(���))

p�²DG_� ��Û¼{��t�Ãº��H 2000�̧� 3�Z4(600{9� ��H%�\� K�{©�) 5,132.52�í���àÔ\�"f 2002�̧� 10�Z4
1,108.49�í���àÔ�Ð 74.8%����s� b��#Q&����. :�xíß� [j���P: 7£x�Ý¶r��©� Ô�æõ��Ð 8úx 8�̧ ²ú��Q�� ��
��&���¦ G��Ý¶r��©�\��̧ &h�t� ·ú§�Ér %ò
�¾Ó�̀¦ ÅÒ%3�Ü¼o��� f�����½+É Ãº e����. �̧+þA���×þ�\� �è¹כ÷&��H
r�çß��̀¦ ×�¦s�l� 0AK�"f y�� ÕªÒ�̈\�"f 200>hm��_� ��«Ñ\�¦ e��_�ÆÒØ�¦ 
�%i��¦ 8úx 21,400>h_� ��«Ñ
\� @/K� >h����)a CV�<ÊÃº\�¦ &h�6 x
�#� þj&h�_� �̧Ãº|9�½+Ë(γ = 100, σ2 = 250)�̀¦ %3�%3���. s� �̧
Ãº|9�½+ËÜ¼�Ðr�çß�õ�ëß�l���t�l�çß�Õªo��¦Ãºe��Ò�¦_��<ÊÃº\�¦ÆÒ&ñ

����ÕªaË> 4.1õ�°ú ��.ÆÒ&ñ

�)a ���õ���H ú̧� î̈
�Ö̧�o ÷&%3�Ü¼Ù¼�Ð Ãºe��Ò�¦ /BG��� ���̂_� r�çß�\� ���Ér ����o\�¦ ô�Ç è�H\� �����½+É

Ãº e����. 7£x�Ý¶r��©�_� %ò
�¾ÓÜ¼�Ð 600{9� ��H%�\�"f éß�l� G��Ý¶_� Ãºe��Ò�¦s� �©�l� G��Ý¶_� Ãºe��Ò�¦
�̀¦ Ö�©�̧��H :£¤s��&³�©�s� µ1ÏÒqtô�Ç �¦̀�	כ ·ú� Ãº e����. s��Qô�Ç �©� ñ&h���� �&³�©�[þt�̀¦ �̧�FK �8 ��[jy�
�����
�l� 0AK�"f ÕªaË> 4.1�̀¦ r�çß�»¡¤õ�ëß�l���t�l�çß�»¡¤Ü¼�Ð ú̧���"f ¶ú�(R�Ð��¤��.ÕªaË> 4.2��H
1999�̧�ÂÒ'� 2002�̧���t� B��̧� 4�Z4_� Ãºe��Ò�¦/BG����̀¦ ÆÒ&ñ
ô�Ç �.���s	כ 1999�̧� 4�Z4_� Ãºe��Ò�¦/BG
����Érëß�l���t�l�çß�s�&�|9�Ãº2�¤Ãºe��Ò�¦�̧ &�t���H{9�ìøÍ&h����+þAI�s���.Õª�Q��7£xr�Ô�æõ�ô�Ç
²ú� Êê��� 2000�̧� 4�Z4\���H éß�l�G��Ý¶_� Ãºe��Ò�¦s� �©�l�G��Ý¶_� Ãºe��Ò�¦�̀¦ Ö�©�̧��H �&³�©��̀¦ �Ð#�ï�r
��. Õª Êê 2001�̧�, 2002�̧� 4�Z4_� Ãºe��Ò�¦/BG����Ér ��r� {9�ìøÍ&h���� Äº�©��¾Ó +þAI�\�¦ �r4�¤
��¦ e��
6£§�̀¦ ·ú� Ãº e����. s�XO�1pw ��×�æ LS-SVM �D¥½+Ë�̧+þAÜ¼�Ð ÆÒ&ñ
ô�Ç Ãºe��Ò�¦/BG���_� ���õ���H 7£x�Ý¶r�
�©� Ô�æõ�ü< °ú �Ér ��|	�_� ���+þA&h���� �̧_þv�̀¦ ú̧� ����?/�¦ e����. ÕªaË> 4.3�Ér éß�l�Óütõ� �©�l�Óüt_�
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yield development of a 5 years bond
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yield development of a 25 years bond

ÕªaË> 4.3: éß�l�Óüt(5�̧�, �©�)õ� �©�l�Óüt(25�̧�, 
�)_� r�çß�\� ���Ér Ãºe��Ò�¦ ����o(��H�� ��«Ñ°úכ(&h�),
r�çß�\� ���Ér ÆÒ&ñ
 Ãºe��Ò�¦_� ����o(���))

r�çß�\� ���Ér Ãºe��Ò�¦ ����o\�¦ ÆÒ&ñ
ô�Ç �.���s	כ 12ëß� #�>h_� ��«Ñ[þt ×�æ\�"f�̧ ëß�l���t� l�çß�s�
1lx{9�ô�Ç ��«Ñ_� Ãº��H �FGy� &h�l� M:ë�H\� ÆÒ&ñ
u�ü<_� f��]X�&h���� q��§��H Ô�¦��0px
���. Õª�Q�� Ãº
e��Ò�¦/BG����̀¦ ¶ú�(R�Ð��� ô�Ç ²ú� s�?/_� Ãºe��Ò�¦ ����o�� p�p�
�#� ëß�l���t� l�çß�±36.5{9�_� ��«Ñ
�� °ú �Ér °ú̀�כ¦ °ú���H ���¦ ��&ñ
ô�Ç����� z�́]j ��«Ñ_� ��H��u��Ð ��6 x½+É Ãº e����. éß�l�Óüt_� �â
Äº
2000�̧� 3�Z4 Ô�æõ�f�����\���H Ãºe��Ò�¦s� 0.02�̀¦|ÃÛ���� Õª s�Êê 0.04�� ß¼>� b��#Q4R ���1lx;�¤s� ��
ÅÒ 	�H �̧_þv�̀¦ �Ð#�ÅÒ�¦ e����. Õª�Q�� �©�l�Óüt_� �â
Äº s�ü<��H ìøÍ@/�Ð 0.02&ñ
�̧_� ����Ér ���1lxëß�
e��#Q r��©��©�S!�\� ���y��
�t� ·ú§����H �¦̀�	כ ·ú� Ãº e����. s�ü< °ú s� éß�l�Óütõ� �©�l�Óüt�Ér Õª :£¤$í

s� ��ØÔl� M:ë�H\� r��©��©�S!�\� ���� Ãºe��Ò�¦/BG���s� #��Q ��t� +þAI�\�¦ {�>� ÷&��H �¦̀�	כ ·ú� Ãº

e����.s�ü< �'aº��K�"f í�HÃºl�@/s��:r,Ä»1lx$í
��� ñs��:r,r��©�ì�r½+És��:r1px #��Q��[O�s� e��t�ëß�
_�|
�s� ì�rì�r
��¦ �:r �7Hë�H_� 3lq&h�õ���H ú́�t� ·ú§Ü¼Ù¼�Ð s�\�¦ s�6 xô�Ç K�$3�x9� ���7£x�Ér ��ÀÒt� ·ú§

��H��.

5. l5æ*́0

�:r �7Hë�H\�"f��H Ãºe��Ò�¦ ��«Ñ_� :£¤$í
�̀¦ �¦�9
�#� Ãºe��Ò�¦ /BG����̀¦ ÆÒ&ñ

���H ~½ÓZO�Ü¼�Ð ��×�æ

LS-SVM �D¥½+Ë�̧+þAõ� >h����)a CV�<ÊÃº\�¦ Dh\�v>� ]jr�
�%i���. p�²DG F�ÁºÂÒ G��Ý¶\� @/ô�Ç ��YV
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ì�r$3��Érëß�7á¤½+Éëß�ô�Ç���õ�\�¦�Ð#�ÅÒ%3�Ü¼ 9s��Qô�Ç~½ÓZO��Ér��6£§õ�°ú �Ér�©�&h��̀¦°ú���H��.'Í	P:,
��«Ñl�çß� ?/\���H 1lx{9�ô�Ç �̧Ãº|9�½+Ë�̀¦ Ä»t�
�l� M:ë�H\� Ãºe��Ò�¦/BG����̀¦ ÆÒ&ñ
½+É M: ���� �̧Ãº

�� ²ú���t�>� ÷&��H �&³�©��̀¦ }���̀¦ Ãº e����. ÑütP:, î̈
�Ö̧�o�)a ���õ�\�¦ %3�6£§Ü¼�Ð"f s��©�&h� µ1ÏÒqt x9�
Ãºe��Ò�¦/BG���_� î̈
'��s�1lxõ� l�Ö�¦l� ����o °ú �Ér �&³�©��̀¦ ô�Ç è�H\� �����½+É Ãº e����. !Ó	P:, ëß�l���
t� l�çß�s� 1lx{9�ô�Ç ��«Ñ�� &h�6£§\��̧ Ô�¦½̈
��¦ í�HÃº
�>� K�{©��̧�Óüt_� r�çß�\� ���Ér Ãºe��Ò�¦ ���

�o_�ÆÒ&ñ
s���0px
���.�Å	P:, �̧+þA\�@/ô�Ç�����&ñ
_�\�¦
�t�·ú§l�M:ë�H\� ú̧�3lw�)a �̧+þA[O�&ñ
\�
_�ô�Ç ������̧	��� K�fç
0A+«>�̀¦ x�½+É Ãº e����. :�x>�&h� ]X���HZO��Ér s��:r&h� ]X���HZO�õ� �©� ñ�Ð¢-a&h�
��� �©�éß�&h��̀¦ °ú�Ü¼ 9 M:�Ð��H s��:r&h� �̧+þA\� @/ô�Ç ��{©�$í
 ���½̈_� ���½ÓÜ¼�Ð ��6 x÷&l��̧ ô�Ç��

��H &h��̀¦ �¦�9½+É M: ���ª�ô�Ç �©�&h��̀¦ °ú���H �:r �7Hë�H_� _�_�\�¦ ¹1Ô�̀¦ Ãº e����.
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Estimating the Term Structure of Interest Rates Using

Mixture of Weighted Least Squares Support Vector

Machines

Sungkyun Nau1) Jooyong Shim2) Changha Hwang3)

Abstract

Since the term structure of interest rates (TSIR) has longitudinal data, we should

consider as input variables both time left to maturity and time simultaneously to get a

more useful and more efficient function estimation. However, since the resulting data

set becomes very large, we need to develop a fast and reliable estimation method for

large data set. Furthermore, it tends to overestimate TSIR because data are correlated.

To solve these problems we propose a mixture of weighted least squares support vector

machines. We recognize that the estimate is well smoothed and well explains effects of

the third stock market crash in USA through applying the proposed method to the US

Treasury bonds data.

Keywords: Mixture, support vector machine, term structure of interest rates, weighted
least squares support vector machine, yield curve.
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