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 xh�K±Ó

s�Õþ�\�"f��H�FKÖ6x\��'aô�Ç/BNd���̀¦>�íß�
���H~½ÓZO�\�@/K�"f C++�̀¦s�6 xK�"f

����?/�¦ e����. &h�t� ·ú§�Ér ��|ÃÐ[þt�Ér C++s� ���:rt� �̧A�÷&%3��¦ æ¼l�\��̧

Ô�¦¼#�
��¦4�¤ú̧�
����¦Òqty��ô�Ç��. Õª\�ìøÍK�MATLABs��� spreadsheet��Hæ¼

l�\��̧¼#�
��¦s������þts]	כ �̧��H>�íß��̀¦��½+ÉÃºe�����¦s���l�ô�Ç��. 
�t�

ëß� C++_� �â
Äº class_� >h¥Æ��̀¦ :�xô�Ç Ö�sÕýt�o�� ��0px
�#� 4�¤ú̧�ô�Ç >�íß��̧ ÂÒ

ì�r ÂÒì�rÜ¼�Ð ��¾º#Q ~1�>� >�íß�s� ��0px
��¦ ò́Ö�¦&h���� Bj�̧o� �'ao�\�¦ :�xK�"f

>�íß�_� ���5Åq$í
�̀¦ Z�}{9� Ãº e����H 1px C++_� �©�&h��Ér æ¼l�\� Ô�¦¼#�
��¦ ���:rt�

�̧A� ÷&%3�����H éß�&h��̀¦ ��o��¦�̧ z����H��.

s��Qô�Ç �©�&h�\��̧ ��f����t� C++�̀¦ s�6 x
�#� z�́]j&h���� �FKÖ6x�̧4Sq\� �Ö̧

6 x�)a �ï×¼[þt�̀¦ C�Ö�¦Ãº e����H Õþ�s� �©�@/&h�Ü¼�Ð &h��Ér ��s	כ ��z�́s���. s� Õþ�\�

"f��H #��Q ��t� ��Òqt�FKÖ6x�©�¾¡§ ×�æ\�"f �̀v���_� l��:r&h���� ��������&ñ
�̧4Sqõ� �̧

4Sq_� Ãºu�K�$3��̀¦ ��ê�r��. �í�Ð��[þt\�>� �̀v�����A�_� Ùþ�d�����½Ó[þt�̀¦ çß�éß�"î


«Ñ
�>� K�[O�
��¦ C++ �ï×¼\�¦ ]jr��<ÊÜ¼�Ð+� l��:r&h���� Ãºu�K�$3� "é¶o�ü< l�

ZO��̀¦ ~1��¦ &ñ
SX�
�>� s�K� ½+É Ãº e���̧2�¤ Ùþ¡��. �̀v���\� @/K�"f l��:r&h���� {9�

ìøÍ�©�d��, �â
]j�<Æ, Ãº�<Æ, Ãºu�K�$3�_� W1 ì�r��\�¦ ô�Ç�Ý¶_� Õþ�Ü¼�Ð ëß�[þt%3���. s�

Õþ�s� Û¼:�¤�̀v���_� ��������&ñ
�̀¦ 0Aô�Ç Ãºu�K�$3� l�ZO��̀¦ /BNÂÒ
���H ��|ÃÐ[þt_� {9�

ë�H"f�Ð"f �̧¹¡§s� ÷&%3�Ü¼��� ô�Ç��.

�:r $�"f_� ×�æ&h��Ér ]j 8�©�, 9�©�, 10�©�_� Ä»ô�Ç 	�ì�rZO�, Tree ��������&ñ
�̧

+þA, Õªo��¦ �7H_�
�\�¦ r�ÓýtYUs����1px Ãºu�K�$3�s��� ?/6 x_� ¢-a���$í
�̀¦ Ä»t�
�

l�0AK����ÉrÅÒ]j[þt�̧�<Êa�{����¤��. ÂÒ7á¤ô�Ç?/6 x[þt�Ér"f&h�\���ü<e����H��

�Ér �ÃÐ�¦ �̧"f\�¦ �ÃÐ�̧
���� |̈c ����s	כ ��«Ñ�)a��. s� Õþ�s� ��Òqt�©�¾¡§ �̧4Sqa�A\�

@/ô�Ç Ãºu�K�$3�\� �'ad�� e����H 1lq��[þt\�>� �̧Õª��ô�Ç �Ð×þ�s����̧ |̈c Ãº e��l�\�¦
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V� 1 *�×

"�Òeµ

�:r $�"f��H "f�:r�̀¦ ]jü@
��¦ ��6£§õ� °ú s� 8úx 9�©�Ü¼�Ð ½̈$í
÷&#Q e����.

]j 2�©��Ér ��Òqt�FKÖ6x�©�¾¡§ ×�æ_� 
������ KOSPI200t�Ãº �̀v���\� @/K�"f ��ÀÒ%3�

��.

]j 3�©��Ér MATLAB�̀¦ ú̧� �̧ØÔ��H 1lq��[þt�̀¦ 0AK� MATLAB_� l��:r ��6 xZO�

õ� �:r $�"f_� MATLAB �ï×¼\�¦ s�K�
�l� 0AK�"f �9�Ãº&h�Ü¼�Ð ·ú����� 
���H

"î
§î
#Q[þt_� [O�"î
s� e����.

]j 4�©��Ér C++�̀¦ ú̧� �̧ØÔ��H 1lq��[þt�̀¦ 0AK� C++(����{9��Q_�l��:r ��6 xZO�õ�

C++ ���#Q_� l��:r&h���� >h¥Æ�[þtõ� �:r $�"f_� C++ áÔ�ÐÕªA�bç
�̀¦ s�K�
�l�

0AK�"f �9�Ãº&h���� ���#Q[þt_� [O�"î
s� e����.

]j 5�©�\�"f��H l�
� ÚÔ��î�r î�r1lx�̀¦ �è>h
� 9 Itô �Ð�̧&ñ
o�\�¦ Ä»�̧ô�Ç��.

]j 6�©��Ér �̀v���������̀¦���&ñ

���H~½Ó&ñ
d����� Black-Scholes ¼#�p�ì�r~½Ó&ñ
d���̀¦Ä»

�̧
� 9 \P�~½Ó&ñ
d��_� K�$3�K��ÐÂÒ'� Black-Scholes ~½Ó&ñ
d��_� K�$3�K�\�¦ Ä»�̧ô�Ç

��.
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V� 2 *�×

���»j;³�	p (�×��̧

(Derivatives)

���»j;³�	p (�×��̧�Ér l��í��íß�(underlying assets)_� ��������1lxÜ¼�Ð ���ô�Ç �<Hz�́0A

+«>�̀¦ ]j��
�l� 0AK� òøÍÒqtÙþ¡��. @/³ð&h� ��Òqt�FKÖ6x�©�¾¡§Ü¼�Ð��H ���Óüt, �̀v���, Û¼

�כ� 1pxs� e��Ü¼ 9, s� Õþ�\�"f��H s��Qô�Ç �©�¾¡§ ×�æ �̀v���\� @/
�#� ��ÀÒl��Ð ô�Ç

��. �̀v���>����_� @/�©�s� ÷&��H �©�¾¡§�̀¦ e��ï��ñ5Ñs��� 
���HX<, s���H ß¼>� /BG

Óüt, »¡¤íß�Óüt, )
�FK5Åq 1pxõ� °ú �Ér {9�ìøÍ&h���� �©�¾¡§(commodity)õ� ÅÒd��, G��Ý¶, ÅÒ

��t�Ãº(KOSPI 200), :�x�o 1pxõ� °ú �Ér �FKÖ6x�©�¾¡§Ü¼�Ð ½̈ì�r½+É Ãº e����. y��y��

_� �̀v����̀¦ ��A�@/�©�\� ���� �©�¾¡§ �̀v���(commodity option) Õªo��¦ �FKÖ6x�̀v

���(financial option)Ü¼�Ð ��Ðüt Ãº e����.

V� 1 â�
 £�¹¤�>�+ 5����ø� ÌÁ³À £� #a

£�¹¤�>(option)s�êøÍ :£¤&ñ
 ��íß��̀¦ p�o� &ñ
K���� �����('���������, strike price)Ü¼

�Ð p�A�_� {9�&ñ
ô�Ç r�l�(ëß�l�, maturity)\� ¢̧��H {9�&ñ
ô�Ç l�çß� ?/\� B�Ãº ¢̧

��H B��̧½+É �Ý¶o��� ?/F��)a >�����̀¦ {9�(����H��. s�\�¦ Ä»�Qx���� �̀v���(European

option) ¢̧��H ��Bjo�ñß� �̀v���(American option)s��� ô�Ç��. s� M: :£¤&ñ
��íß�

�̀¦ B�Ãº½+É �Ý¶o�\�¦ ¦I·£�¹¤�>(call option), B��̧½+É Ãº e����H �Ý¶o�\�¦ ��º£�¹¤�>(put

option)s����¦ ô�Ç��.
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Õªo��¦ Dh�Ðs� 2010�̧� 9�Z4 ëß�l�_� �̀v���s� �©��©�÷&#Q ��A��)a��.

ëß�l�{9�s� ���©� ����î�r �©�¾¡§�̀¦ FD9\Ôö�ä·s��� 
��¦ Õª ��6£§s� ëß�l���� í�HÜ¼

�Ð 	�\Ôö�ä·, 	�	�\Ôö�ä·s����¦ ô�Ç��.

V� 4 â�
 £�¹¤�>�+ (�×@�

Ä»�Qx����c+t�̀v���_��â
Äºëß�l�{9�\�l��í��íß�_�r��©������s�'����������Ð��±ú�

�Ér �â
Äº �̀v����Ér �̀v���B�{9�����H �̀v����Ý¶o�_� 2[1pq\� _�K� �̀v��� B��̧��\�>� &ñ


K���� l�çß�\� �̀v���>����_� ?/6 x\� @/ô�Ç s�'���̀¦ 'õA½̈½+É Ãº�̧ e��Ü¼ 9, ìøÍ@/�Ð

�����\�>� Ô�¦o�ô�Ç �â
Äº �̀v���>�����̀¦ �íl�½+É Ãº e����. ��u�\�¦ t�m�t� 3lw
�>�

÷&Ù¼�Ð �̀v����Ér '����÷&t� ·ú§�¦ �èY>�÷&�¦ ëß���. s�ü< °ú s� �̀v���_� �Ý¶o�\�¦ '��

��
���H ��s	כ s�1pqs� ÷&t� ·ú§��H �©�I�\�¦ ü@�����(out-of-the-money; OTM)�©�

I��� 
��¦ s� M:_� �̀v����̀¦ gC��~Ê�£�¹¤�>s��� ÂÒ�Ér��.

�̀v���_� '���������s� l��í��íß�_� r��©������õ� 1lx{9�
�#� �̀v����̀¦ '����
���

�� '����
�t� ·ú§��H �â
Äº�� Áº	�Z>�ô�Ç �â
Äº\�¦ 1px������©�I��� 
� 9 s��Qô�Ç �̀v

����̀¦ �� ��~Ê�£�¹¤�>(at-the-money option; ATM option)s��� ô�Ç��. ô�Ç¼#�, r��©�

\�"f l��í��íß�_� ������©�S!�s� �̀v����̀¦ '����
���H ��s	כ Ä»o�ô�Ç �â
Äº, \V\�¦ [þt

#Q c+t�̀v���_� �â
Äº\���H l��í��íß�_� r��©������s� '����������Ð�� Z�}�Ér �©�I�\�¦

?/������©�I��� 
� 9 s��Qô�Ç �̀v����̀¦ 6���~Ê�£�¹¤�>(in-the-money option; ITM

option)s��� ô�Ç��.
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6.2 ¡õ��í5��D

1>����_�ß¼l���Ht�Ãº 1�í���àÔ{©� 10ëß�"é¶s� 9 ñ����������1lx;�¤�Ér �̀v��������s�

3�í���àÔ s��©�{9� �â
Äº��H 0.05�í���àÔ, 7£¤ 5,000"é¶s��¦ 3�í���àÔ p�ëß�{9� �â
Äº��H

1,000"é¶, 7£¤ 0.01�í���àÔs���. �̀v�����A���H �����]jô�Ç;�¤s� \O�t�ëß� r��©�îß�&ñ
�̀¦

0AK�"f ñ�������s����{9�_�@/�©���íß������@/q� ±15%\�¦#Á	#Q����H�â
Äº��A�

�è\�"f  ñ��]X�Ãº\�¦ ��ÂÒ
���H  ñ��ô�Ç�̧ �����]j�̧\�¦ ¿º�¦ e����.

6.3 ��8�k�ë5Ñ

Äºo�����ÅÒ��t�Ãº �̀v�����A���HÅÒd��r��©�_�>h�©�r�çß���� 9r�\���A�\�¦r����


� 9ÅÒd��r��©�7áx«Ñr�&h��Ð�� 15ì�r 0py�Ér 3r� 15ì�r\� ��A���7áx«Ñ�)a��. s���H

SX�&ñ
�)a ÅÒ�� t�Ãº\� ���� �̀v��� �ít�����̀¦ �̧&ñ
½+É Ãº e���̧2�¤ 
�l� 0A�<Ês���.

Õª�Q�����]j{9�\���HÅÒd��r��©��Ð�� 10ì�r{9�n�� 2r� 50ì�r\���A�\�¦7áx«Ñ
��̧2�¤

÷&#Q e����. s��Qô�Ç s�Ä»��H ÅÒd��r��©�s� 7áx«Ñ÷&l� �����t�_� 10ì�rçß� ��A���

���_� �=/BG��0px$í
�̀¦ C�F�
�l� 0AK�"fs���. ��H�Z4Óüt_� ���]j{9�_� �̀v����Ér 2r�

50ì�r\� B�B��� 7áx«Ñ÷&t�ëß� ��6£§�Z4Óüt_� ��A���H >�5Åq t�5Åq÷& 9 /BNÊë{9�_� �â


Äº��H ��A��� ÷&t� ·ú§��H��.

6.4 ��8�%�×

B�Ãº ñ��ü< B��̧ ñ���� {9�u�
���� ��A��� �̂����)a��. A�� 10>���� B�ÃºÅÒë�H

�̀¦ ?/�¦ 1lx{9�ô�Ç �FKÓ�oÜ¼�Ð B�� 30>���� B��̧ÅÒë�H�̀¦ ?/>� ÷&���, ÅÒë�Hs� {9�u�

�)a 10>����s� s�ÀÒ#Qt���HX< s� M: ��A��� �̂����)a 10>����s� ��A�|¾Ós� �)a��.

V� 7 â�
 9�9�V��¿

7.1 �ßj����~Ê�

'����������Ér ���±ú�_� KOSPI 200 7áx��\� ���©� ����î�r '���������õ� 2.5�í���àÔ

m��Z�}���'��������� 4>hÕªo��¦ 2.5�í���àÔm��±ú�ð�r'��������� 4>h\�¦]jr��<ÊÜ¼�Ð

+� �̧¿º 9>h '����������̀¦ ����� �̀v���s� ��A��)a��. éß�, 3, 6, 9, 12�Z4s� ���]j{9�

��� �̀v����Ér 5�í���àÔ çß����Ü¼�Ð 5>h_� '���������s� [O�&ñ
�)a��.
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7.4.1 ��l�Þ«
�(Sidecar)

��l�Þ«
���H áÔ�ÐÕªÏþ� B�B� ñ�� �'ao�]j�̧_� {9�7áxÜ¼�Ð, ÅÒ��t�Ãº���Óütr��©�\�

"f���Óüt�����s�/åL1px|ÃÌ½+É�â
Äº���Óütr��©�_�Ø�æ���s��&³Óütr��©�\���/åL÷&��H�	כ

�̀¦ ¢-a�or�v�l� 0A
�#� {9�r�&h�Ü¼�Ð áÔ�ÐÕªÏþ�B�B�_�  ñ��ò́§4��̀¦ ×�æéß�r�v���H

�.���s	כ ���Óüt_� ��A�×�æt�ü< 1lxr�\� �̀v���_� ��A��̧ ×�æt��)a��.

Äºo�����\�"f ��s�×¼
�_� µ1Ï1lx¹כ|	��Ér KOSPI���Óütr��©�_� �â
Äº, ���±ú�_�

��A�|¾Ós� ���©� ú́§��¤~�� 7áx3lq_� ���Óüt�����s� l�ï�r�����(���{9�7áx��) @/q� 6% s�

�©� �©�5px
����� 
�|ÃÌô�Ç �©�I�\�"f �ïÛ¼{��Û¼�� �&³Óütt�Ãº(���Óüt��A�@/�©�t�Ãº)

�̧ 3% s��©� °ú �Ér ~½Ó�¾ÓÜ¼�Ð ���1lxK� 1ì�rçß� t�5Åq|̈c M: µ1Ï1lx�)a��. ��s�×¼
���

µ1Ï1lx÷&��� ÅÒd��r��©�_� áÔ�ÐÕªÏþ� B�B�  ñ���� 5ì�rçß� ò́§4�s� &ñ
t��)a��. 5ì�r

Êê\���H &ñ
�©���A��� ÷& 9, ��s�×¼
���H 
�ÀÒ\� ô�Ç ���ëß� jþt Ãº e����. ¢̧ ÅÒd��

r��©� B�B���A� 7áx«Ñ 40ì�r ��� s�Êê, 7£¤ �̧Êê 2r� 20ì�r s�Êê\���H µ1Ï1lx÷&t� ·ú§

��H��. 7áx���\���H ���Óüt�����s� 6%s��©� 1px|ÃÌô�Ç �©�I�\�"f 1ì�rçß� t�5Åq|̈c �â
Äº

��s�×¼
��� µ1Ï1lx÷&%3�t�ëß�, ú̧��Ér q��&³z�́&h� �â
�Ð6£§Ü¼�Ð �̧y��9 r��©��̀¦ �=/BG

ô�Ç����H q�óøÍ�̀¦ ~ÃÎ���:r �ïÛ¼{��r��©�_� ��s�×¼
� µ1Ï1lx¹כ|	�s� 2009�̧� 7�Z4 6{9�

�Z49��̀}¹כ¦ l�&h�Ü¼�Ð @/;�¤ y©��o÷&%3���.

7.4.2 "��=
áÃQcl�&�(Circuit Breaker)

7áx½+ËÅÒ��t�Ãº�� f����� B�B���A�{9��Ð�� 10% s��©� 
�|ÃÌ
�#� 1ì�rçß� t�5Åq÷&��H

�â
Äº\���H ÅÒd��r��©�_� �̧��H B�B���A�\�¦ ×�æéß�r�v� 9 �̀v���_� ��A��̧ ×�æt�÷&

��H ]j�̧\�¦ "��=
áÃQcl�&����¦ ô�Ç��. "f(�¶ ÚÔYUs�&��� µ1Ï1lx÷&��� 20ì�r 1lxîß�

r��©� ?/  ñ��]X�Ãºü< G��Ý¶r��©��̀¦ ]jü@ô�Ç �&³Óütr��©�õ� ���>��)a ���Óüt·�̀v���r��©�

�̧  ñ��]X�Ãº x9� B�B���A�\�¦ ×�æéß�ô�Ç��. "f(�¶ ÚÔYUs�&��� µ1Ï1lx�)a Êê 20ì�rs�

t������ B�B���A�\�¦ F�>h÷&��HX< s� M: r����������Ér F�>hr�&h�ÂÒ'� 10ì�r 1lxîß�

 ñ��\�¦ ]X�Ãº
�#� éß�{9����Ð B�B�\�¦ �̂���
�#� ��A��� ��r� r�����)a��. ��s�

×¼
�ü< ��ðøÍ��t��Ð
�ÀÒ\� 1�rëß� µ1Ï1lx½+É Ãº e���¦, �©� 7áx«Ñ 40ì�r��� s�Êê\���H

µ1Ï1lx
�t� ·ú§��H��.
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¢̧ô�Ç B�B�7áx«Ñ Êê 0A�ÃÌ7£x���FK\�"f �<Hz�́�̀¦ 	�y��ô�Ç �FKÓ�os� �̀v���_� p����

]j���&ñ
\� @/ô�Ç Ä»t�7£x���FK\� p�²ú�
���H �â
Äº Õª 	�Ó�o�̀¦ ��6£§±ú� 12r���t� 7£x

�Ý¶�r��\� ÆÒ���Ð ±ú�ÂÒK��� ô�Ç��. ëß���� l�ô�Ç��t� ±ú�ÂÒ
�t� ·ú§�̀¦ �â
Äº 7£x�Ý¶

�r����H e��_��Ð ìøÍ@/B�B�\�¦ 
����� \V�ÃÌ�)a @/6 x7£x�Ý¶�̀¦ B�y��½+É Ãº e����.

8.5 i�Úr
V�»ÈÐÇa� ÊÁ%�×�+ ®̧�h�

i�Úr
V�»ÈÐÇa�s�êøÍ �̀v�����A��� $í
wn��)a s�Êê ëß�l�{9���t� ìøÍ@/B�B�, �Ý¶o�'����,

¢̧��H þj7áx���]j 1pxÜ¼�Ð 'õAíß�÷&t� ·ú§�Ér ���&ñ
�̀¦ ú́�ô�Ç��. B�Ãº p����]j ���&ñ
�̀¦

�ÐÄ»
��¦ e����H �¦̀�	כ “B�Ãº �ít����(Long Position)�̀¦ 2[
��¦ e����.” ���¦

ú́�
��¦ B��̧ p����]j ���&ñ
�̀¦ �ÐÄ»
��¦ e����H �¦̀�	כ “B��̧ �ít����(Short Posi-

tion)�̀¦ 2[
��¦ e����.” ���¦ ú́�ô�Ç��.

8.6 �D¿ÇÐÊÁÊÁכØ

7£x�Ý¶�r����HÈÒ����_�0A�ÃÌÅÒë�H\�@/ô�ÇB�B���A���$í
wn�
�����þj7áx���]j ¢̧

��H �Ý¶o�'����\� _�ô�Ç ���]j�� µ1ÏÒqtô�Ç M: ÈÒ�����ÐÂÒ'� 7£x�Ý¶�r���� &ñ
ô�Ç 0A�ÃÌ

ÃºÃº«Ñ\�¦ fç
Ãºô�Ç��.

½̈{9�ô�Ç �̀v����̀¦ ëß�l�{9���t� �ÐÄ»
�t� ·ú§�¦, �̧×�æ\� ìøÍ@/ B�B�
�#� �<He��

�̀¦ SX�&ñ
f±	��H ��s	כ ×�æçß� &ñ
íß�s���.
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���{9�q�

���{9�7áx��
× 100% =

2.30

209.74
× 100% = 1.0966%

- r��� ( 209.43 ) : {©�{9� þj�í�Ð +þA$í
�)a t�Ãº

- �¦�� ( 209.99 ) : 
�ÀÒ ×�æ ���©� Z�}�Ér t�Ãº

- $��� ( 205.80 ) : 
�ÀÒ ×�æ ���©� ±ú��Ér t�Ãº

- '��������� ( 210.00 ) : �̀v���B�{9����� ëß�l�{9� ¢̧��H Õª s����\� �Ý¶o�\�¦ '����

½+É M: &h�6 x÷&��H �����

'���������( 210.00 )\� @/ô�Ç c+t�̀v��� B�Ãº����H 9.40s���. \V\�¦ [þt#Q, A�� 7>�

��� B�ÃºÅÒë�H�̀¦ ?/�¦ °ú �Ér �FKÓ�oÜ¼�Ð B�� 10>���� B��̧ÅÒë�H�̀¦ ?/>� ÷&���, ÅÒ

ë�Hs� {9�u��)a 7>����s� ��A��Ð s�ÀÒ#Qt��¦ �̂����)a 7>����s� ��A�|¾Ós� �)a��.

∗ s� �©�_� ÅÒ¹6כ x#Q
◦ ��Òqt�FKÖ6x�©�¾¡§
◦ Ä»�Qx���� c+t�̀v���
◦ áÔo�p�%3�
◦ �̀v���ëß�l�{9�
◦ KOSPI 200

◦ ��s�×¼
�
◦ "f(�¶ÚÔYUs�&�
◦ 0A�ÃÌ7£x���FK
¥o>¢æ¹%K�V� 2

1. 100ëß�"é¶s� ÅÒ#Q&���̀¦M:��H�Z4Óütc+t�̀v���\����Ó�oÈÒ��\�¦
���H�íàÔe�¦o�

�̧\�¦ ���$í

�r��̧.

2. ��H�Z4Óüt ëß�l��� t�èß�Êê Ãºe��Ò�¦�̀¦ >�íß�
�r��̧.
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MATLAB e��ï

MATLAB(www.mathworks.com)�Érp�²DG_�Math Works\�"fëß�[þt#Q���áÔ�Ð

ÕªÏþ�Ü¼�Ð, 1984�̧��̧\� �è>h�)as�Êê�Ð �̧Zþt±ú����[j>� 50ëß�s��©�s���6 x
��¦

e����. MATLAB�Ér MATrix+LABoratory�Ð"f '��§>=�̀¦ l��:rÜ¼�Ð þj&h��o÷&#Q

��� áÔ�ÐÕªÏþ�Ü¼�Ð ·ú��¦o�7£§ >hµ1Ï, X<s�'� Ãºu�ì�r$3�s��� r�y���o\�¦ 0Aô�Ç (��ÉÓ

'� ���#Qs���. C++���#Q\� q�K� ��6 x
�l��� ¼#�o�
�����H �©�&h�s� e��Ü¼�� z�́

'��5Åq�̧�� Ö¼o�����H éß�&h��̀¦ îß��¦ e����.

:£¤y� MATLAB_� Financial Derivatives Toolbox��H �FKÖ6x X<s�'� ì�r$3�,

�̧4Sqa�A, r�ÓýtYUs���� x9� þj&h��o\�¦ 0Aô�Ç MATLAB x9� Ú�¦~ÃÌÛ¼�Ð �8 ��[jô�Ç ?/

6 x�Ér <�Ì�̀s�t�\�¦ �ÃÐ�̧
�l� ��êøÍ��.

25
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�½Ó3lq "î
§î
#Q l�0px

"î
§î
#Q ��\P� , ¿º >h s��©�_� "î
§î
#Q\�¦ ô�Ç ×�¦\� ³ð�&³
��9���

9�u��(,)\�¦ s�6 x
�#� ½̈ì�r

×�¦�Å�l�l� . . . "î
§î
#Q�� �-Áº U�́#Q ��6£§ ×�¦�Ð �Å�#Q���¦ z�·

�̀¦ M: ��6 x (Command Window\�"f�̧ ��6 x

��0px)

( ¬») plot(x,y,’--rs’,’LineWidth’,2,...

’MarkerEdgeColor’,’k’,...

’MarkerSize’,10)

Ø�¦§4�#�ÂÒ ; Command Window�©�\�"f "î
§î
#Q\�¦ z�́'��


���� �o���\� ���õ��� Ø�¦§4�÷&t�ëß�, [jp�c+t

�:r(;)�̀¦ {9�§4�
�#� z�́'��
���� Ø�¦§4�÷&t� ·ú§�¦

workspace\�ëß� $��©��)a��.

( ¬»)

>> a=1;b=2;c=3;

ÅÒ$3� % "î
§î
#Q_� ·ú¡\� %\�¦ {9�§4�
���� ÅÒ$3�Ü¼�Ð %�o�

�)a��.

�o���&ñ
o� clc clc "î
§î
#Q\�¦ {9�§4�
��¦ �'p'�\�¦ u���� Com-

mand Window\� ³ðr�÷&%3�~�� �̧��H ?/6 x[þts�

t�0>f��

�o���&ñ
o� clf clf "î
§î
#Q\�¦ {9�§4�
��¦ �'p'�\�¦ u���� Figure\�

����èß� �̧��H ÕªaË>s� t�0>f��

���Ãº���]j clear ���Ãº x9� C�\P�\� ½+É{©��)a °úכ[þt �̧¿º ���]j.

(whos�Ð SX���� ��0px)

• �̧��H ���Ãº\�¦ ���]j : clear all

• :£¤&ñ
 ���Ãºëß��̀¦ ���]j : clear ±ÛÞ­Íò¨ÏáªÁ
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V� 2 â�
 M-file ï5Ñ�æ·e�

MATLAB�̀¦ s�6 x
�#� "é¶
���H l�0px�̀¦ Ãº'��
���H ~½ÓZO��Ér ß¼>� ¿º ��t��Ð ½̈

ì�r�)a��.

ÕªaË> 3.1: MATLAB�½Ó

'Í	 ���P:��H Command Window\� f��]X� "î
§î
#Q\�¦ {9�§4�
���H ~½ÓZO�s��¦, ¿º

���P:��H Script��{9��̀¦ s�6 x
���H �.���s	כ

MATLAB\�"f ��6 x
���H ��{9��̀¦�Ð:�x M-files����¦ ÂÒØÔ 9��{9�_� SX��©�
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V� 3 â�
 load %K�

��{9�\� $��©��)a &ñ
�Ð\�¦ {9�Ü¼�9�¦ ½+É M: ��6 xô�Ç��. ’load’ë�H�̀¦ ��6 x
�l� 0AK�

"f��H M-files� $��©��)a e�¦�8\� &ñ
�Ð�� $��©��)a ��{9�s� 
¹כ��9���. ��6£§ë�H�©��Ér

S����H ���Ãº\� ��{9�\� [þt#Q e����H &ñ
�Ð\�¦ {9���H ë�H�©�s���. ��6£§õ� °ú �Ér &ñ
�Ð

�� [þt#Q e����H ��{9� Data.txt\�¦ {9���H \V\�¦ [þt#Q �Ð��.

123 234 456

234 345 456

[UdV�] load %K� è«�×Ü«9̂g

S=load(’Data.txt’)

0A_� m-file_� z�́'��_� ���õ��Ð S��H 2 ∗ 3 matrix�� ÷&%3���.

V� 4 â�
 plot %K�

z�́'�����õ�\�¦ 2	�"é¶ ÕªA�áÔ�Ð����?/�¦��½+É M:��6 x�)a��. ‘plot’ë�H�̀¦ ��6 x
�

l� 0AK�"f 2>h_� ���Ãº�� 9 �
¹כ��9 y�� ���Ãº��H °ú �Ér ß¼l�_� 1	�"é¶ C�\P�( 7�'�)

s�#Q�� ô�Ç��.

• plot(X,Y)

x»¡¤�Ér X, y»¡¤�Ér Y\�¦ °úכÜ¼�Ð °ú���H 2	�"é¶ ÕªA�áÔ\�¦ �Ð#�ï�r��.

• plot(Y)

x»¡¤_� °ú̀�כ¦ ÅÒt� ·ú§Ü¼��� default�Ð x»¡¤�Ér index°ú̀�כ¦, y»¡¤�Ér Y\�¦ °úכÜ¼

�Ð 
���H 2	�"é¶ ÕªA�áÔ\�¦ �Ð#�ï�r��

• plot(X,Y,S))

S��H ���_� 7áxÀÓ, d���̂¦(symbol) ¢̧��H Ò�o�̀¦ ����è­q Ãº e����H �̀v���°úכs�

��.(��[jô�Ç ?/6 x�Ér ³ð 4 �ÃÐ�¦.)
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[UdV�] plot %K� è«�×Ü«9̂g

for i=1:21

x(i)=0.1*(i-1);

y(i)=x(i)^2;

end

plot(x,y)

title(’Graph of y=x^2’)

xlabel(’X’)

ylabel(’Y’)

grid

[è«�×Ü«9̂g ��
�ßjÚr
ø�]

0 0.5 1 1.5 2
0

0.5

1

1.5

2

2.5

3

3.5

4
Graph of y=x2

X

Y

ÕªaË> 3.4: plotë�H áÔ�ÐÕªÏþ� z�́'�����õ�
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C++ e��ï

C++�Ér C�ÐÂÒ'� SX��©��)a ���#Q�Ð+� Bell Lab\�"f Bjarne Stroustrup�� C ���

#Q\�Y>���t�:£¤fç
�̀¦ÆÒ��
�#�ëß�[þt#Q&����. ���©�×�æ¹כô�ÇÆÒ�����½Ó�Ér classes

for object-oriented programming�̀¦t�"é¶ô�Ç����H&h�s���. Object-oriented pro-

gramming�ÉráÔ�ÐÕªÏþ�_�Ä»t�,�ÐÃº��~1�����H	�H�©�&h��̀¦��t��¦e����. C++

���#Q��H C ���#Q_� SX��©��)a >h¥Æ�s�Ù¼�Ð �̧��H C ���#Q_� l�0px�̀¦ t�"é¶ô�Ç��.

1998�̧�p�²DG³ðï�ra�?�r(American National Standards Institute, ANSI)��H

C++���#Q_�³ðï�r½©����̀¦&ñ
wn�
� 9,s��Ð+��ï×¼_�s�1lx$í
�̀¦�¾Ó�©�r�&�ÅÒ%3�

��.(7£¤, �����_� compiler\�¦:�xK�\��Q\O�s�(����{9��̀¦ô�Ç�â
Äº#QÖ¼(��ÉÓ'�#Q

Ö¼ compiler\�¦:�xK�"f�̧ \��Q\O�s�(����{9�s���0px
���.)\V\�¦[þt#Q visual stu-

dio \�"f C++�Ð (����{9�\� $í
/BNÙþ¡����� cygwin, Linux1px C++�̀¦ ]j/BN
���H

�̧��H compiler\�"f��6 xs���0px
���. �&³F�_�ÅÒ¹כ compiler��Hs���� ANSI_�

½©����̀¦ t�"é¶
��¦ e����. ÕªXO�t�ëß� y��y��_� compiler��H compilerëß�_� :£¤$í
�̀¦

t�m��¦e��l� M:ë�H\����Ér compiler\�"f (����{9��̀¦ 
�l�0AK�"f��H compiler\�

ú́���H ���çß�_� Ãº&ñ
���\O�s� e��#Q�� ô�Ç��.

C++ ���#Q��H C \� q�K� Ä»t�, �ÐÃº�� ¼#�o�
� 9 MATLAB\� q�K� ���íß�

5Åq�̧�� ��ØÔ�¦ Bj�̧o� ½+É{©�\�"f 7á§ �8 îß����
��¦ çß�éß�
�>� ½+É{©�½+É Ãº e����H

s�&h��̀¦ ��t��¦ e����. s� Õþ�_� �̧��H �ï×¼��H “C++”�Ð ½̈�&³
��¦ compiler�Ð

35
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V� 1 â�
 Microsoft Visual Studio 2008 �¿5�

Microsoft Visual Studio 2008(s�
� VS2008)_� [O�u�\�¦ Ùþ¡����� ‘�û¶�̧Äº r����

!Q�Ér’-‘áÔ�ÐÕªÏþ�’-‘Microsoft Visual Studio 2008’�̀¦ ���×þ�K�"f ‘VS2008’\�¦ r�

���ô�Ç��. ÕªaË> 4.1�ÃÐ�¦

ÕªaË> 4.1: Microsoft Visual Studio 2008 r���� �̀s�t�
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ÕªaË> 4.3: áÔ�Ð#�oàÔ Òqt$í
 2

ÕªaË> 4.4: áÔ�Ð#�oàÔ Òqt$í
 3
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ÕªaË> 4.6: áÔ�Ð#�oàÔ Òqt$í
 5

1.2 C++ è«�×Ü«9̂g�+ �»jÅ]�

áÔ�Ð#�oàÔ\�¦ Òqt$í

�%i������ s�]j C++ áÔ�ÐÕªÏþ��̀¦ Òqt$í
½+É Ãº e����.

C++áÔ�ÐÕªÏþ��̀¦ Òqt$í

���H ~½ÓZO��Ér

1. Bj¾»êøÍ_� ‘áÔ�Ð#�oàÔ’-‘Dh �½Ó3lq ÆÒ��’ (éß�»¡¤v� : Ctrl+Shift+A) ÕªaË> 4.7

�ÃÐ�¦

2. Dh�½Ó3lqÆÒ�� �½Ós�ä¼>�÷&��� ‘×þ�e�¦aÅ@’\�"f ’C++��{9�(.cpp)’�̀¦���×þ�
����

C++ áÔ�ÐÕªÏþ�s� Òqt$í
�)a��. ô�Ç/åJs�2£§�̧ ��0px
�t�ëß� ���Ér compiler\�"f��H

ô�Ç/åJ ��{9� s�2£§�̀¦ ���d���̀¦ 
�t� 3lw
���H �â
Äº�� e��Ü¼Ù¼�Ð %ò
#Qs�2£§Ü¼�Ð K�ÅÒ

��H ��s	כ �̀¦��ØÔ��. ÕªaË> 4.8 �ÃÐ�¦

C++ áÔ�ÐÕªÏþ��Ér main�<ÊÃº\�"f r����K�"f main�<ÊÃº\�"f =åQs�èß���. 7£¤,

main\�"f í�H	�&h�Ü¼�Ð �ï×¼\�¦ z�́'��
��¦ main�<ÊÃº�� =åQs� ����� áÔ�ÐÕªÏþ�s�

7áx«Ñ
�>� �)a��.

s�]j main�<ÊÃº\�"f �ï×¼\�¦ {9�§4�
�#� �Ð��. ��6£§�Ér “Hello World!!”\�¦ Ø�¦§4�


���H �ï×¼s���.
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ÕªaË> 4.8: C++áÔ�ÐÕªÏþ�_� Òqt$í
 2

�©�S!�\� ����"f��H áÔ�Ð#�oàÔ\� �í�<Ê�)a ��{9�×�æ\�"f (����{9�\�"f ]jü@K���


���H �â
Äº�̧ Òqt|����. s� M:��H _"tÀÒ��� �ÃÐÒ�ol�\�"f (����{9��̀¦ ]jü@r�v��9�¦


���H ��{9�\� ��ÄºÛ¼ �̧�ÉrAá¤ !Q�Ér�̀¦ 9þtaË:ô�Ç Êê 5Åq$í
\� [þt#Q ����� ��6£§ Õª

aË>4.23\�"f �Ðs���H @/�Ð (����{9� ]jü@ [O�&ñ
�̀¦ ô�Ç��.

1.4 C++ è«�×Ü«9̂g�+ ��
�ßj

áÔ�ÐÕªÏþ�_�z�́'��
�l� 0AK�"f��H ‘n�!QÕª’-‘n�!Qç̂
 
�t� ·ú§�¦r����’ ( éß�»¡¤v� :

Ctrl+F5 )�̀¦ 9þtaË:ô�Ç��. \��Q\O�s� z�́'��s� ÷&��� ‘áÔ�Ð#�oàÔ"î
.exe’ ��{9�s� Òqt

$í
�)a��. ÕªaË> 4.12 �ÃÐ�¦

z�́'�����õ���H ÕªaË> 4.13 �ÃÐ�¦
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ÕªaË> 4.10: (����{9�

ÕªaË> 4.11: (����{9� ]jü@ [O�&ñ
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std::cout<<"כÖå¦ÏÞ³ ¡́¼ ªÝ÷¬Ûá ¤Éá¬¸¦Ûå ¬Ýî¦ÏÞ³´ª¹¬À."<<std::endl;

std::cin>>hello;

std::cout<<"¤ÉòªÝá¬È ¼¡´Öå¦ÏÞ³כ ªÝ÷¬Ûá ¤Éá¬ £̧Ûá "<<hello<<

"¬Ýî£È¤´."<<std::endl;

return 0;

}

ÕªaË> 4.14: Hello World {9�Ø�¦§4� z�́'�� ���õ�

0A \V\�¦ �Ð>� ÷&��� Òqt�èô�Ç ��þts]	כ �Ð�����. std::cout õ� std::cin Õªo��¦

std::endl s� Õª�>���X	כ s�[þt�Ér std����H namespace\� &ñ
_� ÷&e����H 9þtA�Û¼�Ð

+� {9�§4�õ� Ø�¦§4� Õªo��¦ '�����8̈��̀¦ _�p�ô�Ç��.

• std::cout : Ø�¦§4� 9þtYUÛ¼

• std::cin : {9�§4� 9þtYUÛ¼

• std::endl : '�����8̈� 9þtYUÛ¼

s�M: B���� std::�̀¦ ·ú¡\� ·¡­#�ÅÒl��� �-Áº ú́§��"f jËµ��H�â
Äº ��{9� ·ú¡ÂÒì�r\�

using namespace std;

���¦ �������̀¦ K�ÅÒ��� std::�̀¦ Òqt|ÄÌ
��¦ ��6 x½+É Ãº e����.

2.2.2 ����
£�· §� ø5� ����]�ø� ��·�]�

��{9��̀¦ :�xô�Ç {9�Ø�¦§4��̀¦ 0AK�"f��H “fstream”s�����H K��8��{9��̀¦ includeK���

ô�Ç��. ��6£§�Ér ��{9�\�"f_� Ø�¦§4�\� �'aô�Ç \Vs���. ��{9��̀¦ Ô�¦�Q�̧��H õ�&ñ
\�"f

ÅÒ_�K��� ½+É &h�s� e����. ��{9��̀¦ Ô�¦�Q�̧��H õ�&ñ
\�"f Ô�¦�Q�̧�9��H ��{9�s� �>r

F�
�t�·ú§Ü¼�����{9��̀¦Òqt$í

�t�ëß�ëß����Ô�¦�Q�̧�9��H��{9�s��>rF�ô�Ç�����Õª
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input.open("scores.txt");

//data ¬Ýæ¡È

char Name[80];

char subject[80];

int score;

while(!input.eof())//² ¬́Ýå¬Ç ¢Ûö¬È ¬´£È§Ïá ªÝå³Êò

{

input>>Name>>subject>>score;

cout<<Name<<" "<<subject<<" "<<score<<endl;

}

input.clear();

input.close();//² ¬́Ýå ¤Éä¡È

cout<<"Done"<<endl;

return 0;

}

ÕªaË> 4.15: ��{9��̀¦ :�xô�Ç {9�§4����õ�

2.2.3 ����
 á~
e� �¿Þ«

s�����©�\�"f��HX<s�'�\�¦æ¼����X<s�'�\�¦{9�l�0AK�"f ‘ofstream’, ‘ifstream’

class\�¦ s�6 x
�%i���. X<s�'�\�¦ æ¼�¦ {9���H {9��̀¦ 1lxr�\� %�o� ½+É Ãº e����H �â


Äº\���H ‘fstream’�̀¦ +�"f %�o�½+É Ãº e����. ëß���� ‘fstream’�̀¦ s�6 x ½+É �â
Äº ��
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2.3 £o>ÊÁÿ? (�×ÊÁ

2.3.1 £o>ÊÁ

���Ãº���¦ 
���� ���
���H Ãº���¦ Òqty��s� ÷&��HX< ���Ãº��H X<s�'�\�¦ $��©�½+ÉÃº e��

��H Bj�̧o� /BNçß�\� ·¡­#���� s�2£§(<�Ê�Ér Bj�̧o� /BNçß� ���̂)�̀¦ _�p�ô�Ç��. ������


�>� ÷&��H ���Ãº\���H ���ª�ô�Ç :£¤fç
�̀¦ ×�¦ Ãº�� e����HX< ß¼>� &ñ
Ãº+þA ���Ãºü< z�́

Ãº+þA ���Ãº�Ð ���÷¶��. &ñ
Ãº+þA ���Ãº�Ð��H char+þA, int+þA, long+þAs�e���¦ z�́Ãº+þA

���Ãº��H float+þA, double+þA ���Ãº�� e����.

��«Ñ+þA(data type) ½+É{©�÷&��H Bj�̧o� ß¼l� X<s�'�_� #3�0A

&ñ
Ãº+þA char 1��s�àÔ −27 ∼ 27 − 1

unsigned char 1��s�àÔ 0 ∼ 28 − 1

int 4��s�àÔ −231 ∼ 231 − 1

unsigned int 4��s�àÔ 0 ∼ 232 − 1

short 2��s�àÔ −215 ∼ 215 − 1

unsigned short 2��s�àÔ 0 ∼ 216 − 1

long 4��s�àÔ −231 ∼ 231 − 1

unsigned long 4��s�àÔ 0 ∼ 232 − 1

z�́Ãº+þA float 4��s�àÔ 3, 4 × 10−37 ∼ 3.4 × 10+38

double 8��s�àÔ 1.7 × 10−307 ∼ 1.7 × 10+308

long double 8��s�àÔ <�Ê�Ér Õªs��©� 	�s�\�¦ ú́§s� �Ðe��

���Ãº+þA ·ú¡\� unsigned �� ·¡­>� ÷&��� 6£§ÃºÂÒì�rs� \O���H ���Ãº�� �)a��. 6£§

Ãº�� \O�#Qt���H ëß��pu �ª�Ãº�Ð t�&ñ
½+É Ãº e����.
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double d=123456789.101112;

char c=’B’;

bool b=true;

double ii=static_cast<double> (i);

char iii=static_cast<char> (i);

bool iiii=static_cast<bool> (i);

cout<<"i is"<<setw(6)<<i<<endl;

cout<<"i conversions to"<<" double :"<<setw(6)<<ii<<endl;

cout<<"i conversions to"<<" char :"<<setw(6)<<iii<<endl;

cout<<"i conversions to"<<" bool :"<<setw(6)<<iiii<<endl;

int dd=static_cast<int> (d);

char ddd=static_cast<char> (d);

bool dddd=static_cast<bool> (d);

cout<<"d is"<<setw(16)<<d<<endl;

cout<<"d conversions to"<<" int :"<<setw(6)<<dd<<endl;

cout<<"d conversions to"<<" char :"<<setw(6)<<ddd<<endl;

cout<<"d conversions to"<<" bool :"<<setw(6)<<dddd<<endl;

int cc=static_cast<int> (c);

double ccc=static_cast<double> (c);

bool cccc=static_cast<bool> (c);

cout<<"c is"<<setw(6)<<c<<endl;

cout<<"c conversions to"<<" int :"<<setw(6)<<cc<<endl;

cout<<"c conversions to"<<" double :"<<setw(6)<<ccc<<endl;

cout<<"c conversions to"<<" bool :"<<setw(6)<<cccc<<endl;

int bb=static_cast<int> (b);

double bbb=static_cast<double> (b);

char bbbb=static_cast<char> (b);

cout<<"b is"<<setw(6)<<b<<endl;
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��«Ñ+þA ���8̈�_� \V�©�÷&t� ·ú§��H ���8̈�_� \V\�¦ ·ú����Ð��.

#include<iostream>

using namespace std;

int main()

{

int i=123456;

double d=123456789.10111213;

unsigned short us=static_cast<unsigned short>(i);

short s=static_cast<short>(i);

float f=static_cast<float>(d);

short d2f=static_cast<short>(d);

cout<<fixed;

cout<<"i is "<<i<<endl;

cout<<"i conversions to unsigned short is "<<us<<endl;

cout<<"i conversions to short is "<<s<<endl;

cout<<endl;

cout<<"d is "<<d<<endl;

cout<<"d conversions to float is "<<f<<endl;

cout<<"i conversions to short is "<<d2f<<endl;

return 0;

}

2.3.3 Boolean ÌfC £o>ÊÁ

C���#Q\�"f��H�ÃÐ(True)õ���f±	(False)\�¦ &ñ
Ãº�Ð�����·p��. ��f±	����â
Äº ‘0’,

�ÃÐ��� �â
Äº ‘0s� ����� &ñ
Ãº’ �Ð ³ðr� Ùþ¡%3���. C++ ���#Q\�"f��H Boolean +þA

���Ãº��Dh�Ðs�Òqt�����HX<s���H�ÃÐõ���f±	�̀¦&ñ
Ãº�Ð ½̈ì�r
���H�כs���m���°ú	כ

s� ‘True’ü< ‘False’ ��� ���Ãºs���. 
�t�ëß� z�́]j_� $��©�÷&��H °úכ\�"f��H ���
�t�

·ú§��¤��. ��r� ú́�K� ‘True=1’, ‘False=0’ _� °úכÜ¼�Ð $��©��)a��. s�XO�>� �<ÊÜ¼

�Ð+� �ï×¼_� ��1lq$í
s� Z�}�������.
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2.3.4 £o>ÊÁ ¤n>¥U>

���Ãº\�¦ ������½+É M: r�l��� C���#Q\�"f��H ×�æ¹כÙþ¡��. áÔ�Ðr�4R�©�_� �̧��H ���Ãº

��H þj�í ���íß�s� r����÷&l� ���\� ������s� ÷&e��#Q�� �Ö̧6 xs� ��0pxÙþ¡��. 
�t�ëß�

C++���#Q\�"f��H ���Ãº_� ������r�l��� ×�æ¹כ
�t� ·ú§>� ÷&%3���. ���Ãº��H ������

½+É ���Ãº�� ���íß�\� �Ö̧6 x÷&l� ���\� ������
���� �)a��. ���Ãº\�¦ ������ 
���H ~½ÓZO��Ér

������õ� 1lxr�\� �íl��o 
���H ~½ÓZO�õ� ������Êê ���Ãº\�¦ �íl��o��H ~½ÓZO�s� e����.

ÅÒ_�K���½+É&h��Ér���Ãº\�¦�íl��o
�t�·ú§�̀¦r����Ãº��H ‘æ¼YUl�°úכ’s�[þt#Q��>�

�)a����H �.���s	כ ÕªXO�l� M:ë�H\� ���Ãº\�¦ ������r� {©��©� ���Ãº\�¦ ��6 x
�t� ·ú§�8

���̧ ‘0’Ü¼�Ð �íl��o\�¦ K�ÅÒ��H ��s	כ áÔ�ÐÕªÏþ�s� îß�&ñ
&h�Ü¼�Ð ½̈$í
�)a��.

int val1; //int ³Ïò ¨ÏáªÁ val1¬Ç ªÍá¬Íá

val1=10; //̈ÏáªÁ ªÍá¬Íá³Á ½È³¡¼כ

int val2=20; //int³Ïò ¨ÏáªÁ val2¦Ûå ªÍá¬Íá¡½ ¤ÑòªÈ¬¹ ½È³¡¼כ

���Ãº ������r� 1lxr� ô�Ç×�¦\� ������
���H �	כ ¢̧ô�Ç ��0px
���. s� M: ������÷&��H

���Ãº s�2£§õ� s�2£§ ��s�\���H ‘,’((����)�� ¹כ��9 
���.

int val1, val2;

/* int³Ïò ¨ÏáªÁ val1¡½ val2¦Ûå

¤ÑòªÈ¬¹ ³Éá­Öå¬¹ ªÍá¬Íá ³Éá¤´.*/

2.3.5 £o>ÊÁ ¤n>¥U>k� ÌÁ�+ ��/�×

C���#Q\�"f���Ãº��H�<ÊÃº?/\�"f������r����Ãº�����©����$�������÷&%3�t�ëß� C++\�

"f��H ���Ãº ������r� 0Au���H ×�æ¹כ
�t� ·ú§��. ���Ãº�� ¹ô�Çכ��9 ÂÒì�r\�"f ¼#�
�>�

���Ãº\�¦ ������½+É Ãº e����. Õªü@\� ÅÒ_� ���½Ós���.

1) ���Ãº ������r� ���Ãº_� s�2£§�Ér ·ú��� Ï@, Õüw��, ����8��( )�Ð ½̈$í
ô�Ç��.(:£¤Ãº

ë�H����H îß��)a��.)

2) ���Ãº ������r� ·ú��� Ï@_� @/ë�H��ü< �èë�H����H ½̈Z>��)a��.

3) ���Ãº_� s�2£§�Ér Õüw���Ð r����½+É Ãº \O��¦ /BNÑþ�s� �í�<Ê÷&"f��H îß��)a��.

4)���Ãº_�s�2£§Ü¼�Ðv�0>×¼����6 x÷&"f��Hîß��)a��.(v�0>×¼êøÍ C++\�"f��6 x

÷&��H "î
§î
#Qü< °ú �Ér �.���s	כ \V\�¦ [þt��� int, return, main,for 1pxs� e����.)
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int a=10;

int b=20;

const int* p=&a;

cout<<p<<endl; //²¼¬Ýá±¸p ¡Éï

cout<<*p<<endl; //²¼¬Ýá±¸p¡´ ¡´¦È°È£Ûá ¡Éï

//*p=30; //error

p=&b; //OK

a=30; //OK

cout<<p<<endl;

return 0;

}

��6£§�Ér �í���'�\�¦ const ������
���H �â
Äºs���.

#include<iostream>

using namespace std;

int main()

{

//²¼¬Ýá±¸ ­ ´¡¹כ́ ªÉòªÁ³½

int a=10;

int b=20;

int* const p=&a;

cout<<*p<<endl;

// p=&b; //error ²¼¬Ýá± ¦̧Ûå ¨ ¢́Á£Ûá¡Íð¬Ûá ¬¹¦¸

*p=20; //OK ²¼¬Ýá± ¡̧´ ¡ ¦́È°È£Ûá ¡Éï¬Ûå ¨Ïá¡Ïò¬Ûá ¡´£Ûò

cout<<*p<<endl;

return 0;

}

ú́§�Ér ��|ÃÐ[þts� const��H \��Q\�¦ µ1ÏÒqtr������ 9 const�� �������)a áÔ�ÐÕªÏþ�

�̀¦ const\�¦ t�0>!Qo��¦ æ¼��H �â
Äº�� ú́§��. const v�0>×¼��H "é¶A� C���#Q\���H

�>rF�
�t� ·ú§��¤t�ëß� C++\�"f Òqt|�� >h¥Æ�s���. 
�t�ëß� C���#Q_� ³ðï�r�̀¦ F�

&ñ
wn� 
����"f C���#Q\� ��r� �̧{9�|̈c &ñ
�̧�Ð ×�æ¹כô�Ç v�0>×¼s���. const��H áÔ
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Operator Name Description

++var ���u�7£x�����íß��� ���íß�s� ÷&l����\� var_� °ú̀�כ¦ 17£x��

(���7£x��, Êê���íß�)

var++ Êêu�7£x�����íß��� ���íß�s� ���$�÷&�¦ var_� °ú̀�כ¦ 17£x��

(������íß�, Êê7£x��)

−−var ���u�y���è���íß��� ���íß�s� ÷&l����\� var_� °ú̀�כ¦ 1y���è

(���y���è, Êê���íß�)

var−− Êêu�y���è���íß��� ���íß�s� ���$�÷&�¦ var_� °ú̀�כ¦ 1y���è

(������íß�, Êêy���è)

C++\�"f]j/BN
���H �'a>� ���íß��� [þt�̀¦ ·ú��� �Ð��. s�\�¦ C�Äºl� ·ú¡"f ��

«Ñ+þA bool \� @/K� ·ú����Ð��. C ���#Q\�"f��H �ÃÐõ� ��f±	�̀¦ ����?/l� 0AK� &ñ


Ãº\�¦ ��6 x
�#� ��f±	�Ér 0�Ð ³ð�&³
��¦ �ÃÐ�Ér 0s� ����� Ãº�Ð ³ð�&³Ùþ¡��. (@/³ð

&h�Ü¼�Ð��H 1�̀¦ ��6 x) 
�t�ëß� C++\�"f��H booleans�����H ��«Ñ+þAÜ¼�Ð true ü<

false\�¦ ��6 xô�Ç��. 7£¤, �ÃÐ�Ér true s��¦ ��f±	�Ér false s���.

Operator Example Result

< 1 < 2 true

> 1 > 2 false

<= 1 <= 2 true

>= 1 >= 2 false

== 1 == 2 false

! = 1! = 2 true

C++\�"f ]j/BN
���H �Ðf�� ���íß���[þt�̀¦ ·ú��� �Ð��.
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const int a=4;

double math[a];

#include<iostream>

using namespace std;

int main()

{

// dataType arrayName[index] array ªÍá¬Íá ¡Á­¼

double myList[3];

myList[0]=0.0;

myList[1]=1.0;

myList[2]=2.0;

cout<<"myList[2] is "<<myList[2]<<endl;

/* myList¦´£Ûá int³Ïò 3¡µ 0,1,2 ¡´

¤Ûå¬¸¡Éá array¡´ §Éá¤Ûå¬¸ ­Ïñ¤´*/

/*arrayªÍá¬Íá¡½ È³½¦Ûå¡¼כ ¤ÑòªÈ¬¹ ³µ̈¼­´

¤Ä¥´¦Æ£Ûá ªÍá¬Íá¤¼ ¡Éö¬Ûá ¡Ïå¡½¦Ûå ¡´­º¬Ñá¤´.*/

double yourList[3]={0.0,1.0,2.0};

cout<<"yourList[2] is "<<yourList[2]<<endl;

á×¬´כ2// array£Ûá ¤ ¬́Ûí¡½ ¡Éö¬È ªÍá¬Íá³Éá¤´.

double hisList[3][2]={{1,2},{2,3},{3,4}};

cout<<"hisList[1][1] is "<<hisList[1][1]<<endl;

return 0;

}

2.6 ð5�¡�́%K�ø� &P�e�%K�(Loop and Select statements)

C++áÔ�ÐÕªÏþ��̀¦ ëß�[þt�� �Ð��� áÔ�ÐÕªÏþ� �©�\�"f �ª�°ú�A�, <�Ê�Ér Õª s��©�_� °ú�

A��Ð��¾º#Q4R���íß��̀¦
���H�â
Äº��>á¤°ú �Ér���íß��̀¦ìøÍ4�¤K�"fK����â
Äº��Òqt
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//1/count¡´ tol ¨¼¤´ °Ûá¡Ïò¬Á ¨Éá̈ÑÞ, ¡Æ¦Íø­È ¬Éã¬Ûá ¡Ïò¬Á ¨Éá̈ÑÞ³ ­́È ¬Éã¬Ûí

{

cout<<"count"<<" "<<count<<endl;

count=count+1;

if (count >100)

break;

}

return 0;

}

ÕªaË> 4.20: While ë�H z�́'�� ���õ�

while ë�Hõ� q�5pw
�>� do-whileë�Hs� e����. s���H whileë�Hõ� ��_� q�5pw
�

��. whileë�Hõ� ���Ér&h��Ér boolean ³ð�&³s� ë�H�©�_� =åQ\� e��#Q"f &h�#Q�̧ ô�Ç���

�Ér áÔ�Ð[jÛ¼�� ���'�� ÷&�¦ loop�̧|	��̀¦ SX����ô�Ç Êê loop\�¦ z�́'��½+Ét� ���&ñ
�̀¦ 
�

��H ë�H�©�s���.

#include<iostream>

using namespace std;

int main()

{

int count=0;

double tol=0.12;
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int main()

{

int num;

cout<<"9999¬È³ ¬́Ç ªÖð­´¦Ûå ¬Ýî¦ÏÞ³ ª́¹¬À"<<endl;

cin>>num;

if (num>=1000) //1000¬Ûå £Íí£Ûá ªÁ¦Ûå ¬Ýî¦ÏÞ³Êñ¬Ûå¥µ ªÝå³Êò

{

cout<<"£¹­ ¦́ÈªÁ ¬Ýî£È¤´."<<endl;

}

else if (num>=100) //1000¬Ûå £Íí­È£Ûá ¬Éã­È§Éá 100¬Ûå £Íí¬Ûå¥µ ªÝå³Êò

{

cout<<"ª¹­ ¦́ÈªÁ ¬Ýî£È¤´."<<endl;

}

else if (num>=10) //100¬Ûå £Íí­È£Ûá ¬Éã­È§Éá 10¬Ûå £Íí¬Ûå¥µ ªÝå³Êò

{

cout<<"¤Á­ ¦́ÈªÁ ¬Ýî£È¤´."<<endl;

}

else //¬Ä¬Ç ª¹¡´­È ¡Ïò¬Á¦Ûå ­¹¬¿³Éá §¼¤Ûá¡Ïò¬Á¬¹ ªÝå³Êò

{

cout<<"³Éá­ ¦́ÈªÁ ¬Ýî£È¤´."<<endl;

}

return 0;

}

ÕªaË> 4.21: ifë�H_� z�́'�� ���õ�

switch ë�H�Ér ��z�́ if ë�HÜ¼�Ð %�o�
���H ��s	כ ��0px
���. 
�t�ëß� ���×þ�K���


���H �â
Äº_� Ãº�� ú́§����� true ¢̧��H false�Ð �â
�Ð\�¦ ���×þ�
���H ifë�H_� �â
Äº áÔ

�ÐÕªÏþ��̀¦ æ¼l��̧ jËµs� [þtt�ëß� f���'a&h�Ü¼�Ð {9�#Q?/l�\��̧ Ô�¦¼#�s� ��ØÔ>� ��

º��s���. ¢̧ô�Ç ifë�H�Ér �̧��H �̧|	�ë�H�̀¦ �� �����
�l� M:ë�H\� �â
Äº_� Ãº�� ú́§�̀¦
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{

double P;

switch(nType)

{

case 0: P = A*pow(1+r,n);

break;

case 1: P = A*(1+n*r);

break;

}

return P;

}

ÕªaË> 4.22: ifë�H_� z�́'�� ���õ�

2.7 Áþ�ÊÁ

C++\�"f ���©� l��:r&h���� éß�0A��H �<ÊÃºs���. �<ÊÃº����� ·ú���r�x� �����\�¦ �<Ê

Ãº\� @/{9�
�#� ���õ�\�¦ s�=åJ#Q?/��H +þAI�\�¦ �<ÊÃº���¦ ô�Ç��. C++ ���#Q\�"f

��H ��6£§õ� °ú �Ér +þAd��Ü¼�Ð �<ÊÃº\�¦ ������, &ñ
_� 
�>� �)a��.

ìøÍ8̈�+þA �<ÊÃºs�2£§ (���Ãº+þA �����){�<ÊÃº_� 3lu�̂}

�<ÊÃº_� ������, &ñ
_�
�>� |̈cM: ëß���� �<ÊÃº_� 3lu�̂ ÂÒì�rs� 1×�¦ëß� �>rF�ô�Ç����� ×�æ

F�c ñ��H Òqt|ÄÌ��0px
���. çß�éß�
�>� f(x) = 2 + x \�¦ ������K� �Ð��.

int func (const int x) //­ÍòªÁ³Ïò ¨ÏáªÁ x¬Ûå ¬Ýá­ ¦́¼ ¡Éó£Ûá func³ÉíªÁ ªÍá¬Íá

{
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return 0;

}

void call_by_value(int a, int b)

{

int temp;

temp=a;

a=b;

b=temp;

}

void call_by_reference(int &a, int &b)

{

int temp;

temp=a;

a=b;

b=temp;

}

ÕªaË> 4.23: call by value ü< call by reference _� 	�s�

2.7.2 Áþ�ÊÁ�+ Overloading

�<ÊÃº_� overloading s�êøÍ °ú �Ér :£¤fç
_� �<ÊÃº[þt�̀¦ 
���_� s�2£§Ü¼�Ð ��6 x
���H

�.���s	כ C���#Q\�"f��H max����� int+þA ���Ãº\�¦ ¿º>h {9�§4�
��¦ Õª ×�æ 	�H Ãº\�¦

Ø�¦§4�
���H�<ÊÃºs���. 
�t�ëß�ëß����¿º double+þA���Ãº_� maximum°ú¹1¦̀�כÔÜ¼�9

��� #Qb�G>� |̈c��? ���Érs�2£§_� �<ÊÃº\�¦ ëß�[þt#Q ?/��H Ãº µ1Ú�'p \O�%3���. 
�t�ëß�

C++\�"f��H K�ZO�s� e����. Õª��s	כ �<ÊÃº_� Overloading s���. ��r� ú́�
����

s�2£§�Ér °ú t�ëß� ���Ãº[þt_� +þAI�, Ì�	Ãºëß� ��õ�H����� C++ \�"f��H ���Ér �<ÊÃº%�

!3� jþt Ãº e����. ��6£§ \V\�¦ :�xK� ·ú����Ð��.
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return 0;

}

ÕªaË> 4.24: �<ÊÃº_� overloading

�<ÊÃº_� Overloading �̀¦ ��6 xr�ÅÒ_� ½+É&h��Ér �<ÊÃº��H���Ãº_� >hÃº�� ���Ãº

_� ��«Ñ+þA\���H Overloading�̀¦ 
�t�ëß� ìøÍ8̈�+þAs� ��ØÔ���¦ Overloading ÷&t�

��H ·ú§��H��. s���H �ï×¼�©�\�"f �Ð��� ·ú���xt�ëß� �<ÊÃº\�¦ ������ Êê �<ÊÃº\�¦ ��6 x
�

>� ÷&��� ìøÍ8̈�+þA�Ér ���Ð æ¼t� ·ú§l� M:ë�H\� compiler��H #Q�"� �<ÊÃº\�¦  ñØ�¦
���H

t� E�B�
����¦ óøÍéß�
��¦ (����{9� \��Q\�¦ µ1ÏÒqtr������.

2.7.3 Default ê�>��

DefaultêøÍ l��:r&h�Ü¼�Ð ���×þ�÷&��H ���½Ós�����H _�p�s���. 
�Bj��\�¦ \V\�¦ [þt

��� ������̀¦ n���̀¦ M: e�¦A�/'��H '�ä¼o���Ht� 39'�5Åq�̧��H \O����Ð 
���Ht� �����

�̀¦ ���5ÅqÜ¼�Ð Y>��©��̀¦ n���̀¦t� ���×þ�
�t� ·ú§�8���̧ 
�Bj��\�¦ &������� 39'�

\�¦ ¾ºØÔ��� �����s� n��y�>� ÷&#Qe����. s��Qô�Ç l��:r&h�Ü¼�Ð ���×þ�÷&#Q e����H �	כ

�̀¦ Default���¦ [O�"î
½+É Ãº e����. 
�Bj��\� l��:r&h�Ü¼�Ð ���×þ�÷&#Q e����H °ú̀�כ¦

Default��������¦ ½+É Ãº e����. ��6£§_� \V\�¦ :�xK� ·ú����Ð��.

#include<iostream>

using namespace std;

int price(int num_shirts=1, int num_pants=1, int num_shoes=1)

//¡È¨Ñá­ÍÞ¬Æ¦¼ ªºכÆ1̈Íå, ¨ ­́È1̈Íå, ªÝá̈Éå 1°Ïå¦¹¦Ûå ª £́Ûá¡Íð¬Ûå Default¦¼ ­Íò¬Ç

³Êñ¤´.

{

int shirts_price=10000;//ªºכÆ 1̈Íå¬Ç ¡´¡ÏÞ
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2.8 Class

Ì�o�̂ t��¾Ó+þA áÔ�ÐÕªÏþ�(Object-oriented programming) �Ér Ì�o�̂(object)\�¦ �í

�<Êô�Ç �̧��H áÔ�ÐÕªA�bç
�̀¦ _�p�
���H �Ü¼�Ð	כ Òqty��½+É Ãº e����. Ì�o�̂(object)êøÍ

z�́Òqt�Ö̧\�"f�Ð>�÷&��H��|ÃÐ,Óüt|	�1pxõ�q�5pwô�Ç_�p�s���. 
���_�áÔ�ÐÕªÏþ�

�̀¦ ½̈$í
½+ÉM: #�!Á	_� 9þtA�Û¼[þts� �̧#�"f ½̈$í

�>� ÷&��HX< s�\�¦ �Ð4�©\� q�Ä»


����  Qo�\�¦ {��{©�
���H �Ð4�©õ� 3lu�̂\�¦ {��{©�
���H �Ð4�©, Õªo��¦ ¼1Ï,��o�\�¦ {��

{©�
���H �Ð4�©[þts� �̧#� 
���_� ¢-a$í
�)a +þAI�_� �Ð4�©s� ���̧>� ÷&��H X< s��	כ

õ�f�̈��
���. C++\�"f��Hs����ÂÒì�r&h�����Ð4�©[þts�9þtA�Û¼Ì�o�̂����.���s	כ

s��Qô�ÇÌ�o�̂(object)[þt�Ér��l�ëß�_�s�2£§,�©�I�,Ãº'��0px§4��̀¦��t��¦e����. ÆÒ

�©��o\�¦ ��5g"f Òqt$í
�)a 5Åq$í
�̀¦ 9þtA�Û¼ &ñ
_�\�"f Ðlr!Q���Ãº�� ô�Ç��. 7£¤, 9þtA�

Û¼?/\�"f 5Åq$í
�̀¦ &ñ
_�
�l� 0AK� ������
���H ���Ãºs���. \V\�¦ [þt#Q �Ð4�©¼1Ï\�

@/ô�Ç ‘]j¾¡§��� ñ’, ‘]j¾¡§s�2£§’ 1pxÜ¼�Ð Òqty��½+É Ãº e����. Ãº'��0px§4�s�êøÍ 9þtA�Û¼

�� ��t��¦ e����H function�̀¦ _�p�ô�Ç��. object_� :£¤&ñ
ô�Ç '��1lx�̀¦ %�o�
���H �<Ê

Ãº_� +þAI�\�¦ Ðlr!Q�<ÊÃº�� ô�Ç��. �Ð4�©¼1Ï�Ér ‘¹¡§f�������’, ‘/BN���
���’ 1pxÜ¼�Ð Òqt

y��½+É Ãº e����.s�\�¦ Ðlr!Q �<ÊÃº�� ô�Ç��.s�XO�>� Ì�o�̂ t��¾Ó+þA áÔ�ÐÕªÏþ��̀¦ ½̈$í



�>� ÷&��� 	�Êê_� Ä»t� x9� �ÐÃº\�"f �Ð�� &h��Ér q�6 xõ� r�çß�õ� ���§4�Ü¼�Ð K�

���½+É Ãº e����. ]X�	�t��¾Ó+þA_� áÔ�ÐÕªÏþ�_� �â
Äº áÔ�ÐÕªÏþ�_� {9�ÂÒ\�¦ ��Ë̈��H

��Ér	כ ��z�́ áÔ�ÐÕªÏþ�\� ����2; �̧��H ÂÒì�r�̀¦ Ãº&ñ
K���
���H ë�H]j\�¦ îß�>� ÷&t�ëß�

Ì�o�̂t��¾Ó_� �â
Äº��H ��u� �Ð4�©\�"f ��o��� �¦�©������ ��o�ëß� b�#Q?/"f Ãºo�


��¦ ��r� ���½+Ër�v���� ���1lx
���H ��3!�%	כ áÔ�ÐÕªÏþ�\�"f {9�ÂÒ\�¦ Ãº&ñ

���H �	כ

�Ér Ãº&ñ
s� ¹ô�Çכ��9 ÂÒì�r_� 9þtA�Û¼ëß��̀¦ Ãº&ñ

���� �)a��. áÔ�ÐÕªÏþ�\� ����̂&h�

��� d�¦�Ér ��Ë̈t� ·ú§���̧ ÷&�¦ 9þtA�Û¼ Z>��Ð ì�r\O��o�� ��0px
�l� M:ë�H\� ò́Ö�¦

$í
õ� Ä»t�, �ÐÃº\� q�6 xs� &h�>� ×¼��H !lr����.���s	כ

2.8.1 Class�+ Ça��+

class��H ß¼>� “class s�2£§”, “data field”, “method” s� [j��t��Ð ½̈$í
÷&#Q e��

���¦ ½+É Ãº e����.

- class s�2£§ : class_� s�2£§

- data field : object_� 5Åq$3��̀¦ ����?/��H field
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Ü¼�Ð��H class s�2£§õ� °ú �¦ ìøÍ8̈�°úכs� \O�Ü¼ 9 overloadings� ��0px
���. Õªo�

�¦ ìøÍ×¼r� public s�#Q�� ô�Ç��. Òqt$í
����H Õª æ¼e��Dh�Ð ���K� default Òqt$í
��,

������� e����H Òqt$í
��, 4�¤�� Òqt$í
���Ð ��ÐütÃº e����.

�èY>���êøÍ class�� �èY>�|̈c M:  ñØ�¦ ÷&��H �<ÊÃº s���. &ñ
&h�½+É{©�_� �â
Äº class��

�èY>�½+É M: ��1lx&h�Ü¼�Ð K�]j�� ÷&t�ëß� 1lx&h�½+É{©��Ér ÕªXO�t� ·ú§l� M:ë�H\� �Ð:�x

�èY>���\�"f 1lx&h�½+É{©�ô�Ç Ðlr!Q���Ãº\�¦ K�]jô�Ç��. :£¤fç
Ü¼�Ð��H classs�2£§ ·ú¡\�

‘ ’s� ·¡­�¦ ìøÍ8̈�°úכs� \O�Ü¼ 9 overloading Ô�¦��0px
���. Òqt$í
��ü< ��ðøÍ��t��Ð

public s�#Q�� ô�Ç��.

- default Òqt$í
�� : ������� Òqt|ÄÌ�)a Òqt$í
��

- ������� e����H Òqt$í
�� : �����\�¦ s�6 x
�#� �íl��o 
���H Òqt$í
��

- 4�¤�� Òqt$í
�� : ������� class��� Òqt$í
��, �����class_� Ðlr!Q ���Ãº\�¦ 4�¤��

ô�Ç��.

#include<iostream>

#include<cmath>

using namespace std;

class Equilateral

{

public:

double m_edge;

Equilateral(){};//default ªÊòªÍò­´

Equilateral(double nedge)//¬Ýá­ ¡́´ ¬Ýñ£Ûá ªÊòªÍò­´

{

cout<<"¬Ýá­ ¡́´ ¬Ýñ£Ûá ªÊòªÍò­´¡´ ªÝå³Êò ¤¿¬ÍñªÛî£È¤´."<<endl;

m_edge=nedge;

}

Equilateral(const Equilateral &Eq)//̈ÑÞª´ ªÊòªÍò­´

{

cout<<"̈ÑÞª´ ªÊòªÍò­ ¡́´ ªÝå³Êò ¤¿¬ÍñªÛî£È¤´."<<endl;

m_edge=Eq.m_edge;

}
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]X���H ]j#Q t�r��� _�p�

public 9þtA�Û¼ ?/ÂÒü< ü@ÂÒ\�"f ]X���H )�6 x

protected �©�5Åq�'a>�\�"f �©�5Åq~ÃÎ�Ér 9þtA�Û¼ü< �©�5Åq
���H 9þt

A�Û¼_� ]X���H )�6 x

private K�{©� 9þtA�Û¼ ?/\�"fëß� ]X���H )�6 x

ü@ÂÒ\�"f private�� protected\� ]X���Hs� Ô�¦��0px 
�t�ëß� class Ðlr!Q�<ÊÃº

\�¦ s�6 x
���� private�� protected\� ]X���Hs� ��0px
���. &ñ
K���� ���½Ó�Ér \O�t�

ëß� ú́§�Ér�â
Äº Set, Gets�����Hs�2£§Ü¼�Ð ú́§�Ér��|ÃÐ[þts���6 xô�Ç��. Set, Get�Ér

&ñ
K���� �<ÊÃº��l� �Ð����H Ðlr!Q�<ÊÃº\�¦ :�x
�#� ü@ÂÒ\�"f Ðlr!Q���Ãº�Ð ]X���H
�

�9�¦ 
���H \Vs���. ��6£§ \V\�¦ :�xK� ��6 x
�#� �Ð��.

#include<iostream>

#include<cmath>

using namespace std;

class Equilateral

{

public:

double m_edge;

Equilateral(){};

Equilateral(double nedge)

{

cout<<"¬Ýá­ ¡́´ ¬Ýñ£Ûá ªÊòªÍò­´¡´ ªÝå³Êò ¤¿¬ÍñªÛî£È¤´."<<endl;

m_edge=nedge;

}

Equilateral(const Equilateral &Eq)

{

cout<<"̈ÑÞª´ ªÊòªÍò­ ¡́´ ªÝå³Êò ¤¿¬ÍñªÛî£È¤´."<<endl;

m_edge=Eq.m_edge;

}

double area()

{

return m_edge*m_edge*sqrt(3.0)/4;

}
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~Shape(){};

void print(void);

void Set_area(double narea){m_area=narea;}

double Get_area(void){return m_area;}

protected:

double m_area;

};

void Shape::print(void)

{

cout<<"¤¼³Ïò¬Ç £Íè¬È£Ûá "<<m_area<<endl;

}

class Equilateral :public Shape

//Equilateral class£Ûá Shape class ¦Ûå ªÉòªÑÞ³´¡¼ ¬Ýñ¤´.

{

public:

double m_edge;

Equilateral(){m_area=m_edge*m_edge*sqrt(3.0)/4;}

/*m_area£Ûá Equilateral class¬Ç §Îí̈¸¨ÏáªÁ¡´ ¬´£È­È§Éá

Shape class¬Ç §Îí¨¸̈ÏáªÁ ¬È§Æ¦¼ ªÉòªÑÞ¡Òá¡»¬¹ª¸ print ³ÉíªÁ¦Ûå ¡ ­́º¤´ ª´¬Õò³Éå ªÁ

¬Ýñ¤´.*/

Equilateral(double nedge)

{

m_edge=nedge;

m_area=m_edge*m_edge*sqrt(3.0)/4;

}

Equilateral(const Equilateral &Eq)

{

m_edge=Eq.m_edge;

}

void Set_edge(double nedge){m_edge=nedge;}

double Get_edge(void){return m_edge;}

};

int main()

{
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pInt[0]\� ½+É{©��)a Bj�̧o�êøÍ K�]j\�¦ 
�>� ÷&�¦ �� Qt� 9>h_� Bj�̧o��� z��>�

÷&#QBj�̧o�¾ºÃº\�¦µ1ÏÒqt
�>��)a��. ÕªXO�>�÷&���·ú�Ãº\O���H �̧ÀÓ\�¦µ1ÏÒqtr�

~�́ Ãº e���¦ ú́§�Ér ¾ºÃº�� {9�#Q±ú� �â
Äº áÔ�ÐÕªÏþ�s� Ö¼�9t���H �&³�©�s� ����±ú�

Ãº e����.. 1lx&h� ½+É{©��̀¦ ½+É �â
Äº compiler�� ��1lx&h�Ü¼�Ð K�]j\�¦ K�ÅÒt� ·ú§l�

M:ë�H\� ìøÍ×¼r� "î
r�&h�Ü¼�Ð K�]j\�¦ K�ÅÒ#Q�� ô�Ç��.

2.10 á~
��ÌfC(enum)

\P���+þA�Ér�©�Ãº\�¦&ñ
_�\�¦
���HX<��6 x�̀¦ô�Ç��. #Q�"����Ãº����|9�Ãºe����H:£¤

fç
s�{9�&ñ
#3�0A\��Ð&ñ
_��Ð&ñ
K�4Re������� ♯defineÜ¼�Ð&ñ
_�\�¦½+ÉÃºe����xt�

ëß� enum�̀¦ æ¼��H ��s	כ �8 ��|ÃÐf��
���. s�2£§�̀¦ "î
r�\�¦ K�×�¦ M:��H @/ë�H��\�¦

æ¼��H ��s	כ {9�ìøÍ&h�s��� \P���+þAÜ¼�Ð ����?/��H ~½ÓZO��Ér

enum ¨ÏáªÁ¬È¦Ûí { ¬È¦Ûí1, ¬È¦Ûí2, ¬È¦Ûí3õ}

\P���+þA�Ér ?/ÂÒ&h�Ü¼�Ð &ñ
Ãº�Ð %�o�÷& 9 l��:r&h�Ü¼�Ð��H 0ÂÒ'� 1m�� 7£x��\�¦ ô�Ç

��. ëß���� °ú̀�כ¦ ��ØÔ>� &ñ
_�\�¦ 
��¦ z�·����� s�2£§+'\� ‘=’\�¦ ·¡­s��¦ &ñ
_�\�¦


���� �)a��. \V\�¦ [þt#Q

enum enumMark { EAST , WEST, SOUTH, NORTH};

¥¼£Ûá

enum enumMark { EAST =100, WEST, SOUTH, NORTH};

s�ü< °ú s� \P���+þA�̀¦ æ¼>� ÷&��� l�%3�
�l� ~1��¦ �èÛ¼_� ��1lq$í
s� Z�}��|9� ÷�r

ëß� ��m��� \��Qµ1ÏÒqtÒ�¦�̧ ±ú�Ø�¦ Ãº e����.
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�<ÊÃº ìøÍ8̈�+þA [O�"î


pushback(value) void vector\� value\�¦ ��t�}�� °úכÜ¼�Ð ÆÒ��

popback() void vector_� ��t�}�� °ú̀�כ¦ ]j��

size() unsigned int vector_� ß¼l�

at(index:��«Ñ+þA) ��«Ñ+þA vector_� index���P: "é¶�è\�¦ ìøÍ8̈�

empty() bool vectors� q�#Qe����H �â
Äº

clear() void vector_� ?/6 x�̀¦ ]j�� ô�Ç��

swap(v1 : vector) void  7�'�_� ?/6 x�̀¦ ��õ�H��.

vector ������õ� ½+É{©��Ér ��6£§õ� °ú ��.

#include<iostream>

#include<vector>

using namespace std;

int main()

{

á×¬´כ1// ¨ÎÞ±¸ ªÍá¬Íá(­Íò­ÍÞ ³Éå¤Éò)¬Ûá ¤ ¬́Ûí¡½ ¡Éö¤´.

//vector<­ ¦́À³Ïò> ¨ÎÞ±¸¬È¦Ûí(̈ÎÞ±¸°Æ¡È);

vector<double> myList(3);

/*myList ¦ £́Ûá double³Ïò¬Ûå 3¡µ ¡ ­́È£Ûá ¨ÎÞ± ¡̧´

ªÊòªÍò¤¿¬Íñ¡¼ ¨ÎÞ± ¬̧Ç ¬×áª¼£Ûá §¼¤Á "0"¬Æ¦¼ ½È³¡¼כ

¤Ôá¤´. ­´¦À¦Ûå £Íø£Ûá ¨Éò̈Íî¬Ûá array¬½ ¤Ñò¬Ýå³´¤´.*/

myList[0]=0;

myList[1]=1;

myList[2]=2;

//myList Öå¦ÏÞכ

for(unsigned int i=0; i<myList.size();i++)

cout<<"myList["<<i<<"]"<<" is "<<myList[i]<<endl;

cout<<endl;

á×¬´כ1// ¨ÎÞ±¸ ªÍá¬Íá(¤Ñò­ÍÞ ³Éå¤Éò)¬Ûá ¤ ¬́Ûí¡½ ¡Éö¤´.
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ÕªaË> 4.29: vector ������ z�́'�� ���õ�

3.2 cmath

C++���#Q\�"fÃº�<Æ&h�����<ÊÃº��&ñ
_�÷&#Qe����H STL�Ér cmaths���. cmath\�¦

include
���� #��Q��t� Ãº�<Æ&h� �<ÊÃº[þt�̀¦ ��6 x½+É Ãº e����.

ß¼>� [j��t��Ð ì�rÀÓ 
���� ���y���<ÊÃº, t�Ãº,�ÐÕª�<ÊÃº, Õªü@ �<ÊÃº[þt�Ð ��

ÐütÃº e����HX< ���y���<ÊÃº ���$� ¶ú�(R �Ð��.



V� 5 *�×

l�£¿�+ �×�¿Ça�h�(Itô Lemma)

�FKÖ6xë�H]jü< °ú s� r�çß�õ� ���1lx�)a ���1lx\� @/ô�Ç Ãº�<Æ&h� �̧4Sq�Ér @/>h ÚÔ��î�r

î�r1lxõ� °ú �Ér SX�Ò�¦õ�&ñ
�̀¦ ��6 x
�#� �����·p��. ÚÔ��î�r î�r1lx_� %3�x9�ô�Ç Ãº�<Æ

&h� l��í\�¦ ²ú£�Ér p�²DG_� Ãº�<Æ�� Norbert Wiener_� s�2£§�̀¦ ��"f ÚÔ��î�r î�r1lx

�̀¦ 0A�-õ�&ñ
(Wiener Process)s����¦�̧ ô�Ç��. �FKÖ6xr��©�\�"f l��í��íß�_� ��

����â
�Ð��H 0A�-õ�&ñ
�̀¦ ���Ér���¦ ��&ñ

���H �â
Äº�� ú́§��. s� ]X�\�"f��H 0A�-

õ�&ñ
\� @/K� ��[jy� ·ú����Ðl��Ð ô�Ç��.

V� 1 â�
 Ça�Äª &P� ï

&ñ
½©ì�r�í(normal distribution) \�¦ ��ØÔ��H SX�Ò�¦���Ãº X ∼ N(µ, σ2)_� SX�Ò�¦x9�

�̧�<ÊÃº(probability density function) f(x)��H ��6£§õ� °ú ��.

P (X = x) = f(x) =
1

σ
√

2π
e−

(x−µ)2

2σ2 ,

#�l�"f µ��H î̈
ç�H Õªo��¦ σ��H ³ðï�r¼#�	�s���. SX�Ò�¦���Ãº X_� l�@/°ú̀�כ¦ ��6£§

õ� °ú s� &ñ
_�
���.

E [X] =

∫ ∞

−∞
xf(x)dx =

∫ ∞

−∞

x

σ
√

2π
e−

(x−µ)2

2σ2 dx. (5.1)
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�FGýa³ð�Ð ���+þAr�v�l� 0A
�#�, x = rcosθ, y = rsinθ���¦ ¿º��. Õª�Q���,

I2 =

∫ 2π

0

∫ ∞

0

1

2πσ2
exp

(
− r2

2σ2

)
rdrdθ

=

∫ 2π

0

[
− 1

2π
exp

(
− r2

2σ2

)]∞

0

dθ =

∫ 2π

0

1

2π
dθ =

[
1

2π
θ

]2π

0

= 1.

I�� �ª�Ãºs�Ù¼�Ð, I = 1s���. ��6£§ d��s� $í
wn�ô�Ç��.

∫ ∞

−∞

1√
2πσ

exp

(
−(x − (σ2t + µ))2

2σ2

)
dx = 1.

����"f, ��6£§ d��s� $í
wn�ô�Ç��.

MX(t) = exp

(
µt +

σ2

2
t2
)

.

s� d���̀¦ p�ì�r
����, ��6£§ d��[þts� $í
wn��<Ê�̀¦ ·ú� Ãº e����.

dMX(t)

dt
= (µ + σ2t)exp

(
µt +

σ2

2
t2
)

,

d2MX(t)

dt2
= σ2exp

(
µt +

σ2

2
t2
)

+ (µ + σ2t)2exp

(
µt +

σ2

2
t2
)

.

����"f, ��6£§ d��[þts� $í
wn�ô�Ç��.

E [X] = MX
′(0) = µ,

E [X2] = M
(2)
X (0) = σ2 + µ2,

V ar[X] = E [X2] − E [X]2 = σ2 + µ2 − µ2 = σ2.

Ça�h�

X��SX�Ò�¦x9��̧�<ÊÃº f(x)\�¦°ú���H���5ÅqSX�Ò�¦���Ãºs����,e��_�_�z�́Ãº°úכ�<ÊÃº

g\� @/K� ��6£§s� $í
wn��)a��.

E [g(X)] =

∫ ∞

∞
g(x)f(x)dx
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σ�� 1s����, s� SX�Ò�¦õ�&ñ
�̀¦ ³ðï�r Brownî�r1lxs��� ô�Ç��.

��
ð5��ª Brown (P��â 

ëß�{9� SX�Ò�¦���Ãº S(t)�� 0A_� Brown î�r1lx_� 'Í	���P:, ¿º���P:, Õªo��¦

[j���P:�̧|	��̀¦ëß�7á¤
��¦ î̈
ç�Hs� µts��¦ì�ríß�s� σ2t���&ñ
½©ì�r�í\�¦��ØÔ���

{9�ìøÍ�o Brown î�r1lxs��� ÂÒ�Ér��. s� µ\�¦ ÆÒ[j�̧Ãº(drift parameter)��

ô�Ç��.

{9�ìøÍ�o�)a Brown î�r1lx\�"f ��Òqt�)a l�
� Brown î�r1lx�Ér ��6£§õ� °ú s� &ñ


_��)a��.

e�
� Brown (P��â (Geometric Brownian Motion, GBM)

{9�ìøÍ�o�)a Brown î�r1lx {S(t)|t ≤ 0}\� @/K�"f, d�� Z(t) = eS(t)�Ð &ñ
_��)a

{Z(t)|t ≤ 0}\�¦ l�
� Brownî�r1lxs��� ô�Ç��.

V� 3 â�
 ��ñ5Ñ ��~Ê�£�· �Dø5� ë5Ñí5�ø5� �¿D�f

ò́Ö�¦&h�r��©���[O�(effective market hypothesis)�Érr��©�\�"fl��:r&h�&ñ
�Ðü<l�

Õüt&h� &ñ
�Ð\�¦ �í�<Êô�Ç õ���_� �̧��H &ñ
�Ð�� �FKÖ6x��íß�_� �����\� ìøÍ%ò
÷&#Q e����

�¦��&ñ
ô�Ç��. ���$�,��íß������\�"f]X�@/&h��������o��HÕª���̂�Ð"fÄ»6 xô�Ç&ñ


�Ð��H ��m���. \V\�¦ [þt#Q 1�í���àÔ_� ����o��H ��íß� �����s� 200p�Ð�� 20p{9� M:

7á§ �8 _�p� e������H �.���s	כ ����"f ����o_� s���� �©�@/&h� 8£¤&ñ
�Ér #Q*�ô�Ç ]X�

@/&h� Ãºu��Ð�� Õª��_	כ '���̧\�¦ 7á§ �8 "î
SX�
�>� ����è­q Ãº e����.

r�&h�s� t{9�M:l��í��íß�������̀¦ S���¦��&ñ

���. ÕªaË> 5.1%�!3� S�� S +

dS�Ð ���
���H ����Ér r�çß�½̈çß� dt\�¦ Òqty��K��Ð��. ÕªXO������ dS/S��� �©�@/&h� ���

�o\�¦ #Qb�G>� �̧+þA�o½+É Ãº e���̀¦��? ���©� {9�ìøÍ&h���� ]X���HZO��Ér dS/S\�¦ µdtü<

σdX_� ¿º ÂÒì�rÜ¼�Ð ��¾º��H �.���s	כ

µdt��H Áº0A+«>G��Ý¶\� ÈÒ��ô�Ç �FKÓ�o_� Ãºe��%�!3� \V8£¤��0px
��¦ SX�&ñ
&h����

�¦̀�	כ �����·p��. µ��H éß�0Ar�çß�{©� l�@/Ãºe���FK(drift)�Ð+� dtr�çß�1lxîß� ��íß���

���_� î̈
ç�H$í
�©�Ò�¦ 8£¤&ñ
u�\�¦ _�p�ô�Ç��.

dS/S\� @/ô�Ç ¿º ���P: ÂÒì�r σdX��H \V�©�u� 3lwô�Ç �èd��õ� °ú �Ér ü@ÂÒ ���¹כ

\� _�ô�Ç ��íß� �����_� �½� ü�ô�Ç ���1lx�̀¦ �̧+þA�oô�Ç��. Õª��Ér	כ î̈
ç�Hs� 0��� &ñ
½©
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���0A$í
(randomness)�̀¦�í�<Ê
���H dX��H 0A�-õ�&ñ
(Wiener process)�̀¦��ØÔ�¦

��6£§_� $í
|9��̀¦ °ú���H��;

• dX��H &ñ
½©ì�r�í�ÐÂÒ'� ���:r SX�Ò�¦ ���Ãºs���.

• dX_� î̈
ç�H�Ér 0s���.

• dX_� ì�ríß��Ér dts���.

φ�� î̈
ç�H 0 ì�ríß� 1_� ³ðï�r&ñ
½©ì�r�í N(0, 1)�̀¦ ���Ér����� dX��H &ñ
½©ì�r�í

N(0, dt)\�¦ ��ØÔÙ¼�Ð dX =
√

dtφ�Ð ³ð�&³�)a��. X(t)��H p�ì�r��0pxs� ��m�Ù¼

�Ð dX�̀¦ &ñ
_�½+É Ãº��H \O�t�ëß� dt → 0Ü¼�Ð Ùþ¡�̀¦ M:

dX =
√

dt

�Ð �)a��.

V� 4 â�
 l�£¿�+ �×�¿Ça�h�(Itô Lemma)

r�>�\P� S(t)_� ����o|¾Ó dS�� ��6£§_� d��\� ���� ¹¡§f��s��¦ e�����¦ 
���.

dS = a(S, t)dt + b(S, t)dX.

{9�ìøÍ�o�)a 0A�-õ�&ñ
_��©�Ãº aü< b\�¦ Sü< t\� @/ô�Ç �<ÊÃº a(S, t), b(S, t)�Ð {9�ìøÍ

�oô�Ç �¦̀�	כ s�¢̧õ�&ñ
s����¦ 
� 9, ����"f, s� r�>�\P� S(t)_� ¹¡§f��e���̀¦ s�¢̧

õ�&ñ
s���½+ÉÃºe����. s�¢̧õ�&ñ
�̀¦s�6 x
����s�¢̧_��Ð�̧&ñ
o�(Itô lemma)\�¦

s�=åJ Ãº e����.

l�£¿�+ �×�¿Ça�h�

S�� s�¢̧õ�&ñ


dS = a(S, t)dt + b(S, t)dX

\�¦ ��\�¦ M:, Sü< t_� �<ÊÃº V (S, t)_� 1lx�¾Ó�Ér

dV =

(
∂V

∂t
+

1

2

∂2V

∂S2
b2(S, t) +

∂V

∂S
a(S, t)

)
dt +

∂V

∂S
b(S, t)dX

\�¦ ���Ér��.



]j 4 ]X� s�¢̧_� �Ð�̧&ñ
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s� ÷&�¦, s�\�¦ d�� (5.7)\� @/{9�
����

dV =

(
µ − σ2

2

)
dt + σdX =

(
µ − σ2

2

)
dt + σ

√
dtφ

\�¦ %3�>� �)a��. s� d���Ér �©�Ãº >�Ãº\�¦ °ú���H SX�Ò�¦ p�ì�r~½Ó&ñ
d��s��¦, dV��H &ñ
½©

ì�r�í\�¦ ëß�7á¤ô�Ç��. t = ndt�� 
���. Õª�Q���,

dV1 =

(
µ − σ2

2

)
dt + σ

√
dtφ1

dV2 =

(
µ − σ2

2

)
dt + σ

√
dtφ2

...

dVn =

(
µ − σ2

2

)
dt + σ

√
dtφn

0A d��[þt_� �ª�����̀¦ �� �8
����,

V = V0 +

(
µ − σ2

2

)
t + σ

√
tφ, (5.8)

#�l�"f, φ1 + φ2 + · · · + φn =
√

nφ �'a>�\�¦ ��6 x
�%i��� (d�� (10.14) �ÃÐ�¦).

V (S, t)_� pdf��H −∞ < V < ∞\� @/K�

1

σ
√

2πt
e−

(V −V0−(µ−σ2

2 )t)2

2σ2t

s���. s�%�!3�SX�Ò�¦���Ãº S\� V = log(S)\�¦ 2[ô�Ç���õ���&ñ
½©ì�r�í\�¦��\�¦M:,

S\�¦ @/Ãº&ñ
½©ì�r�í(log-normal distribution)\�¦ ���Ér���¦ ô�Ç��.
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£�¹¤�>��~Ê�l�Òeµ

V� 1 â�
 £�¹¤�> ��~Ê� Úr
Ça� �¿ÌfC�+ Black-Scholes Ã¡>i�&P�

'�×Ça�ÐÏ�

Black-Scholes ¼#�p�ì�r ~½Ó&ñ
d��(partial differential equation:PDE) [1] �Ér p�²DG

_� Fisher Black �§Ãºü< Myron Scholes �§Ãº\� _�K� >hµ1Ï�)a �̀v��� ����� ���&ñ


�̧+þAÜ¼�Ð"f �̀v��� s��:r ������̀¦ íß�Ø�¦½+É M: {9�ÂÒ Ãº&ñ
�)a �̧4Sqs� �&³F� V,�o� s�

6 x÷&�¦ e����. s� �̧4Sq�̀¦ s�6 x
���� l��í��íß������(S), '���������(E), ïß��>rl�

çß�(T ), Áº0A+«>s���Ö�¦(r), l��í��íß������_� ���1lx$í
(σ)_� °úכ[þt�Ð c+t�̀v���õ� Û�©

�̀v���_� s��:r������̀¦ f��]X� >�íß�½+É Ãº e����.

Fisher Blackõ� Myron Scholes��HSX�Ò�¦p�&h�ì�r�<Æ�̀¦��6 x
�#�Ä»�Qx���� �̀v

���\� @/ô�Ç /BN&ñ
������̀¦ ���&ñ

�l� 0Aô�Ç ¼#�p�ì�r ~½Ó&ñ
d���̀¦ Ä»�̧Ùþ¡��. s��Qô�Ç

Black-Scholes s��:r�Ér l��:r&h�Ü¼�Ð ÅÒd��(0A+«>��íß�)õ� G��Ý¶(Áº0A+«>��íß�)Ü¼�Ð

s�,X����íàÔe�¦o��̧_�ëß�l���u��� ‘ÅÒd��r��©�s�#Q�"��©�S!��̀¦��u��8���̧’&ñ


SX�y� �̀v���_� ëß�l� payoffü< {9�u�
��̧2�¤ 
���H àÔYUs�ç̀
 ���|ÄÌ�̀¦ ½̈�̂&h�Ü¼�Ð

]jr�
�#� ï�r��. 1970�̧� Black-Scholes /BNd��_� >hµ1Ïõ� �<Êa� 1973�̧� >h[O��)a

r�
��¦ �̀v�����A�r��©��Ér [j>�_� �̀v���r��©��̀¦ ß¼>� µ1Ï���r�v���H %i���&h� >�l�

�� ÷&%3���.

�̀v��� s��:r�����\�¦ ½̈
�l� 0AK�"f��H ��6£§_� ��$Á	 ��t� ���Ãº\�¦ ìøÍ×¼r� ·ú�

���� ô�Ç��.
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 �̧+þA_� BLACK-SCHOLES ¼#�p�ì�r~½Ó&ñ
d�� 101

s���. #�l�"f, ∂V
∂S��H �©�Ãº�Ð çß�ÅÒô�Ç��. s� d��_� dVü< dS\� y��y�� s�¢̧ �7�

��(6.2)ü< s�¢̧õ�&ñ
 (6.1)\�¦ @/{9�
����

dΠ = dV − ∂V

∂S
dS

=

(
∂V

∂S
µS +

∂V

∂t
+

1

2

∂2V

∂S2
σ2S2

)
dt − ∂V

∂S
σSdX

−∂V

∂S
(µSdt + σSdX)

=

(
∂V

∂t
+

1

2

∂2V

∂S2
σ2S2

)
dt. (6.4)

ô�Ç¼#�, Áº0A+«> s���Ö�¦�̀¦ r�Ð 
���� dt r�çß�1lxîß� �íàÔe�¦o��̧_� ����o|¾Ó�Ér

dΠ = r

(
V (S, t) − ∂V

∂S
S

)
dt (6.5)

�� $í
wn�÷&��H !lrs���. ����"f, ¿ºd�� (6.4)õ� (6.5)�Ð ÂÒ'�

Black-Scholes i�&P�'�×Ça�ÐÏ�

∂V (S, t)

∂t
= rV (S, t) − rS

∂V (S, t)

∂S
− σ2S2

2

∂2V (S, t)

∂S2
(6.6)

�̀¦ �̧Ø�¦
�>� �)a��. #�l�\� �̀v���_� ëß�l�r�&h�\�"f t�Ô�¦÷&��H t�Ô�¦�FKÓ�o�<ÊÃº\�¦

�â
>��̧|	�Ü¼�Ð 
���� ��6£§_� d��(6.7)�̀¦ ëß�7á¤
� 9, ÕªaË> 6.1\�¦ ��ØÔ>� �)a��.

V (S, T ) =






S − E if S ≥ E

0 if S < E

(6.7)

d�� (6.6)�Ér d��(6.7)_� ëß�l��̧|	��̀¦ ��t���H Black-Scholes_� ¼#�p�ì�r ~½Ó&ñ
d��s�

��.

1.1 Black-Scholes Ã¡>i�&P�'�×Ça�ÐÏ��+ �ÐÏ«כ�

s� ]X�\�"f��H Black-Scholes ¼#�p�ì�r~½Ó&ñ
d��_� K�\�¦ ½̈ô�Ç��.1

1s� ]X�\�"f �8 ��[jô�Ç ?/6 x�Ér ;³�	p ¤� qNS£�· �Dø5� ¡�·9̂c¢5·ä«�+ Ã¡>i�&P�'�×Ça�ÐÏ�(ÊÏ�µì�Tz £�ÈÊÏ�)

_� Õþ��̀¦ �ÃÐ�¦
�U�́ ��êøÍ��.
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ÅÒ#Q��� �íl��̧|	� y(0) = 10�̀¦ &h�6 x
����,

y2 = −3x2 + 100. (6.13)

��6£§�Ér Fourier Transform\� @/K�"f ·ú����Ð��.

f(x) =
1√
2π

∫ ∞

−∞

[
1√
2π

∫ ∞

−∞
f(v)e−iwvdv

]
eiwxdw. (6.14)

#�l�"f F�c ñ îß�\� e����H w\� @/ô�Ç �<ÊÃº\�¦ f̂(w)�� 
��¦ �<ÊÃº f_� Fourier

Transform s����¦ ô�Ç��.

f̂(w) =
1√
2π

∫ ∞

−∞
f(v)e−iwvdv. (6.15)

f(x) =
1√
2π

∫ ∞

−∞
f̂(w)eiwxdw. (6.16)

��6£§õ� °ú �Ér \V]j ë�H]j\�¦ Òqty��K��Ð��.

UdV� 1 �<ÊÃº f(x) �� ��6£§õ� °ú s� ÅÒ#Q&���̀¦M: f_� Fourier Transform

�̀¦ ½̈
�r��̧.

f(x) = 1 if |x| < 1 and f(x) = 0 otherwise. (6.17)

[K�²ú�]

d��(6.15)�̀¦ s�6 x
�#� &h�ì�r
����, ��6£§ ���õ�\�¦ %3��̀¦ Ãº e����.

f̂(w) =
1√
2π

∫ 1

1
e−iwxdx =

1√
2π

· e−iwx

−iw

∣∣∣∣
1

−1

=
1

−iw
√

2π
(e−iw − eiw).
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1£U>G1 £o>ÊÁ£o>».É

x = log
S

E
+

(
r − σ2

2

)
(T − t) (6.19)

τ = T − t (6.20)

2>h_� ���Ãº xü< τ\�¦ ��6 x
�#�, V (S, t)\�¦ ��6£§õ� °ú s� ³ð�&³
���.

V (S, t) = e−rτu(x, τ),

#�l�"f �<ÊÃº V (S, t)\�¦ s�ü< °ú s� ³ð�&³
���� �̂¦Ïþ� _�tÝ¼_� ¼#�p�ì�r~½Ó&ñ
d���̀¦

B�Äº çß�éß�ô�Ç ¼#�p�ì�r~½Ó&ñ
d��Ü¼�Ð �¦5g jþt Ãº e��>� �)a��. VS(S, t), VSS(S, t),

Vt(S, t)\�¦ y��y�� >�íß�
�#� �Ð��. ����WZO�gË:(chain rule)�̀¦ ��6 x
�#�

VS(S, t) = Vx(S, t)xS + Vτ (S, t)τS =
∂

∂x

(
e−rτu(x, τ)

)
xS

= e−rτux(x, τ)S−1.

VSS(S, t) =
∂

∂S

(
e−rτux(x, τ)S−1

)
= e−rτ

(
uSx(x, τ)S−1 − ux(x, τ)S−2

)

=
e−rτ

S2
(uSx(x, τ)S − ux(x, τ))

=
e−rτ

S2
([uxx(x, τ)xS + uτx(x, τ)τS ] S − ux(x, τ))

=
e−rτ

S2
(uxx(x, τ) − ux(x, τ)) .

Vt(S, t) = Vx(S, t)xt + Vτ (S, t)τt

=
∂

∂x

(
e−rτu(x, τ)

)
xt −

∂

∂τ

(
e−rτu(x, τ)

)

= e−rτux(x, τ)
∂

∂t

(
log

S

E
+ (r − σ2

2
)(T − t)

)

− ∂

∂τ

(
e−rτu(x, τ)

)

= e−rτux(x, τ)(
σ2

2
− r) −

(
−re−rτu(x, τ) + e−rτuτ (x, τ)

)

= e−rτ

(
(
σ2

2
− r)ux(x, τ) + ru(x, τ) − uτ (x, τ)

)
.
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c\�¦ e��_�_� �©�Ãº�� 
��¦, s�]j 0A d���̀¦ &h�ì�r
���� ��6£§_� d���̀¦ %3�>� �)a��.

∫
1

û(λ, τ)
∂û(λ, τ) +

∫
σ2λ2

2
∂τ = 0

ln û(λ, τ) +
σ2λ2

2
τ = c

û(λ, τ) = e−
σ2λ2

2
τ+c

&h�ì�r�©�Ãº c_�>�íß��̀¦0AK��íl��̧|	��̀¦&h�6 xK��Ð��. ���$�,�íl��̧|	� u(x, 0) =

g(x)�̀¦ û_� �íl��̧|	�Ü¼�Ð ��ÜãJ Ãº e����.

û(λ, 0) = ĝ(λ) =
1√
2π

∫ ∞

−∞
g(x)e−iλxdx. (6.27)

�íl��̧|	� (6.27)\�¦ ëß�7á¤
���H �©�p�ì�r ~½Ó&ñ
d�� (6.26)_� K��� ��6£§õ� °ú 6£§

�̀¦ ~1�>� ·ú� Ãº e����.

û(λ, τ) = ĝ(λ)e−
σ2λ2τ

2 . (6.28)

d�� (6.28)\� %i� Fourier ���8̈��̀¦ &h�6 xK�"f u(x, τ)_� K�\�¦ ½̈½+É Ãº e����.

u(x, τ) =
1√
2π

∫ ∞

−∞
û(λ, τ)eiλxdλ =

1√
2π

∫ ∞

−∞
ĝ(λ)eiλx−σ2λ2τ

2 dλ

=
1√
2π

∫ ∞

−∞

[
1√
2π

∫ ∞

−∞
g(y)e−iλydy

]
eiλx−σ2λ2τ

2 dλ

=
1

2π

∫ ∞

−∞
g(y)

[∫ ∞

−∞
e−iλ(x−y)−σ2λ2τ

2 dλ

]
dy. (6.29)

#�l�"f 'Í	 ���P: 1px ñ��H %i� Fourier ���8̈�\� _�K�"f ¿º ���P: 1px ñ��H d��

(6.28)\� _�K�"f $í
wn�ô�Ç��. d��(6.29)_� Äº���_� &h�ì�r�̀¦ >�íß�
�l� 0AK�"f ��

6£§ ���Ãº\�¦ &ñ
_�
���.

I(α) =

∫ ∞

−∞
e−

σ2λ2τ
2 e−iλαdλ =

∫ ∞

−∞
e−

σ2λ2τ
2 (cos(αλ) − i sin(αλ))) dλ

=

∫ ∞

−∞
e−

σ2λ2τ
2 cos(αλ)dλ = 2

∫ ∞

0
e−

σ2λ2τ
2 cos(λα)dλ. (6.30)

l��<ÊÃºü<Äº�<ÊÃº_�$í
|9��̀¦s�6 x
�#�0A_�d��(6.30)Ü¼�Ð &ñ
o�½+ÉÃºe����. s�
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s� M: �â
>��̧|	��Ér ��6£§õ� °ú s� jþt Ãº e����.

g(y) = g(x + σ
√

τv) =






E(ex+σ
√

τv − 1) if v ≥ −x
σ
√

τ

0 else

2���P: ���Ãº���8̈��̀¦ 
�>� ÷&���,

u(x, τ) =
1√
2π

∫ ∞

−∞
g(y)e−

v2

2 dv.

g(y)_� �â
>��̧|	�\� ���� v < − x
σ
√

τ
��� ÂÒì�r_� &h�ì�r °úכ[þt�Ér �̧¿º 0_� °úכ

�̀¦ °ú�>� ÷&Ù¼�Ð, v ≥ −x
σ
√

τ
_� ÂÒì�r_� &h�ì�r °úכëß� Òqty��
���� �)a��. g(y)_� �â
>�

�̧|	�\� ÅÒ3lq
����,

u(x, τ) =
1√
2π

∫ +∞

− x
σ
√

τ

g(y)e−
v2

2 dv =
1√
2π

∫ +∞

− x
σ
√

τ

(Eex+σ
√

τv − E)e−
v2

2 dv

=
1√
2π

∫ +∞

− x
σ
√

τ

Eex+σ
√

τve−
v2

2 dv − 1√
2π

∫ +∞

− x
σ
√

τ

Ee−
v2

2 dv (6.38)

'Í	 ���P: ���Ãº���8̈�(6.20)\� _�K� d��(6.38)_� 'Í	 ���P: �½Ó�Ér ��6£§�̀¦ ëß�7á¤ô�Ç��.

u(x, τ) =
1√
2π

∫ +∞

− x
σ
√

τ

Serτ−σ2

2
τeσ

√
τve−

v2

2 dv − 1√
2π

∫ +∞

− x
σ
√

τ

Ee−
v2

2 dv

=
Serτ

√
2π

∫ +∞

− x
σ
√

τ

e−
1
2
(v−σ

√
τ)2dv − 1√

2π

∫ +∞

− x
σ
√

τ

Ee−
v2

2 dv. (6.39)

#�l�"f z = v − σ
√

τ�Ð ���Ãº���8̈��̀¦ 
�>� ÷&���,

u(x, τ) = Serτ 1√
2π

∫ +∞

− x
σ
√

τ
−σ

√
τ
e−

z2

2 dz − 1√
2π

∫ +∞

− x
σ
√

τ

Ee−
v2

2 dv

= SerτN

(
x

σ
√

τ
+ σ

√
τ

)
− EN

(
x

σ
√

τ

)
,

#�l�"f N(x)��H¾º&h�³ðï�r&ñ
½©ì�r�í�<ÊÃº(the cumulative standard normal dis-

tribution function)\�¦ >pw
� 9 ��6£§ d���̀¦ ëß�7á¤ô�Ç��.

N(x) =
1√
2π

∫ x

−∞
e−

z2

2 dz
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public:

enum enumEC{E=1, T, SIGMA, R, S};

eurocall() { init(0, 0, 0.0, 0.0, 0.0); }

eurocall(double nS, int nE, double nT, double nSigma, double nR) {

init(nS, nE, nT, nSigma, nR);}

eurocall(const eurocall &ec) { init(ec.m_nS, ec.m_nE, ec.m_nT,

ec.m_nSigma, ec.m_nR); }

virtual ~eurocall(){}

void init(double nS, int nE, double nT, double nSigma, double nR);

template <typename V>

void SetData(V nData, int nType);

int GetEData(void) { return m_nE; }

double GetTData(void) { return m_nT; }

double GetSigmaData(void) { return m_nSigma; }

double GetRData(void) { return m_nR; }

double GetSData(void) { return m_nS; }

void ViewData(eurocall &obj) const;

double GetOptionPrice(double nS, int nE, double nT, double nSigma,

double nR) const;

double normcdf(double X) const;

private:

int m_nE;

double m_nT, m_nSigma, m_nR, m_nS;

};

void eurocall::init(double nS, int nE, double nT, double nSigma, double

nR)

{

SetData(nS, S);

SetData(nE, E);

SetData(nT, T);

SetData(nSigma, SIGMA);

SetData(nR, R);

}

template <typename V>

void eurocall::SetData(V nData, int nType)

{
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{

cout <<"S : " << obj.GetSData() <<endl;

cout <<"E : " << obj.GetEData() <<endl;

cout <<"T : " << obj.GetTData() <<endl;

cout <<"Sigma : " << obj.GetSigmaData() <<endl;

cout <<"R : " << obj.GetRData() <<endl;

}

int main()

{

eurocall euro(240,250,(double)2/12,0.38,0.06);

double callPrice = euro.GetOptionPrice(euro.GetSData(), euro.GetEData(),

euro.GetTData(), euro.GetSigmaData(), euro.GetRData());

euro.ViewData(euro);

cout << "Call Price : " << callPrice << endl;

cout << "******************" << endl;

euro.SetData(300, eurocall::S);

euro.SetData(0.1, eurocall::R);

callPrice = euro.GetOptionPrice(euro.GetSData(), euro.GetEData(),

euro.GetTData(), euro.GetSigmaData(), euro.GetRData());

euro.ViewData(euro);

cout << "Call Price : " << callPrice << endl;

return 0;

}

0A_� C++ �ï×¼eurocall.cpp�̀¦z�́'��
���� ��6£§_� ���õ�\�¦ %3���H��.

1.2 £�¹¤�>��~Ê��+ Å]���


0A\�"f ���/åL
�%i�t�ëß� �̀v���������Ér ��$Á	 ��t�_� ���Ãº\� @/ô�Ç �<ÊÃºs���. s�

]X�\�"f��H s� ���Ãº[þts� y��y�� �̀v��������\� #Q*�ô�Ç %ò
�¾Ó�̀¦ p�u���Ht� SX����K��Ð

�̧2�¤ 
���.

1.2.1 e��ï��ñ5Ñ��~Ê�(S)

0A_� \V]j\�¦ s�6 x
�#� l��í��íß������(S) s�ü@_� ���Ér W1 >h_� ���Ãº��H 1lx{9�

ô�Ç °ú̀�כ¦ ��t��¦ e�����¦ ��&ñ
½+É M:, �̀v���������Ér l��í��íß������(S)\� @/
�#�
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K = 1.0 / (1.0 + 0.2316419 * L);

w = 1.0 - 1.0 / sqrt(2 * PI) * exp(-L *L / 2) *

(a1 * K + a2 * K *K + a3 * pow(K,3) + a4 * pow(K,4) + a5 * pow(K,5));

if (X < 0 ){

w= 1.0 - w;

}

return w;

}

vector<double> linspace(int START,int END, int STEP)

{

vector<double> d;

double n = ((double)END - START) / (STEP-1);

for (int i=0; i < STEP; i++)

d.push_back(START+ n * i);

return d;

}

class option_s

{

public:

option_s() { init(0, 0, 0.0, 0.0, 0.0); };

option_s(double nS, double nE, double nT, double nSigma, double nR)

{ init(nS, nE, nT, nSigma, nR);}

option_s(const option_s &data)

{ init(data.m_S, data.m_E, data.m_T, data.m_Sigma, data.m_R); }

~option_s(){}

void GetOptionPrice(void);

void init(double nS, double nE, double nT, double nSigma, double nR);

void WriteData(vector<double> X,vector<double> CP);

private:

double m_Sigma,m_T,m_R,m_E,m_S;

};

void option_s::WriteData(vector<double> X,vector<double> CP)

{

ofstream output;

output.open("option_s_S_Data.dat");

output<<fixed<<setprecision(6);
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int main()

{

option_s s1(400,250,(double)2/12,0.38,0.06);

s1.GetOptionPrice();

}

0A_����õ��Ð(����{9�ô�ÇáÔ�Ð#�oàÔ��e����He�¦�8îß�\� option_s_S_Data.dat

õ� option_s_CP_Data.dat ¿º >h_� ��{9�s� Òqt$í
 �)a��. t��FK_� ��{9�[þt�Ér

data��{9�_� +þAI�s�Ù¼�Ð è�HÜ¼�Ð SX���� 
���H ��s	כ ~1�t� ·ú§��. t��FK_� data��

{9��̀¦ MATLAB�̀¦ :�x
�#�ÕªA�áÔ�Ð³ð�&³½+ÉÃºe����H m-��{9��̀¦]jr�ô�Ç��. s�


�Õþ�\�æ¼#���� C++�ï×¼�� data��{9��̀¦ Òqt$í

���H�â
ÄºÕª\���ØÔ��H��{9��Ér

data��{9��̀¦ plot
���H m-��{9�s���.

clc; clf; clear;

S = load(’option_s_S_Data.dat’);

CP = load(’option_s_CP_Data.dat’);

plot(S, CP,’k*-’)

xlabel(’S’,’fontsize’,20);

ylabel(’V’,’fontsize’,20,’rotation’,0);

set(gca,’fontsize’,20)

0A_� �ï×¼\� _�ô�Ç ���õ��Ð %3�#Q��� ÕªaË> 6.3_� Äº8£¤_� ÕªaË>�Ér ýa8£¤_� Õª

aË>�̀¦ SX�@/ô�Ç �.���s	כ

1.2.2 �ßj����~Ê�(E)

'���������(E)\� ���� �̀v�����u�_� ����o\�¦ ��6£§_� ÕªaË> 6.4\�¦ :�xK� SX����K� �Ð

��. ���$�, option_ex.cpp��H '���������\� ���Ér �̀v���������̀¦ ½̈
���H C++ �ï

×¼s���.
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{

vector<double> d;

double n = ((double)END - START) / (STEP-1);

for (int i=0; i < STEP; i++)

d.push_back(START+ n * i);

return d;

}

enum enumFILE {IN=0x01, OUT, ATE=0x04, APP=0x08, FILE_MAX};

class option_ex

{

public:

option_ex() { init(0.0, 0.0, 0.0, 0.0, 0.0); };

option_ex(double nS, double nE, double nT, double nSigma, double nR)

{ init(nS, nE, nT, nSigma, nR);}

option_ex(const option_ex &data)

{ init(data.m_S, data.m_E, data.m_T, data.m_Sigma, data.m_R); }

virtual ~option_ex(){}

void GetOptionPrice(int nType);

void init(double nS, double nE, double nT, double nSigma, double nR);

void WriteData(vector<double> X,vector<double> CP,int nType);

private:

double m_Sigma,m_T,m_R,m_E,m_S;

};

void option_ex::WriteData(vector<double> X,vector<double> CP,int nType)

{

ofstream output;

output.open("option_ex_S_Data.dat");

output<<fixed<<setprecision(6);

for(unsigned int i=0;i<X.size();i++)

{

output<<setw(12)<<showpoint<<X[i];

}

output.clear();

output.close();

output.open("option_ex_CP_Data.dat",nType);

for(unsigned int i=0;i<CP.size();i++)
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}

��6£§�Ér Òqt$í
�)a data��{9��̀¦ {9���H m-��{9�s���.

clc; clf; clear;

S = load(’option_ex_S_Data.dat’);

CP = load(’option_ex_CP_Data.dat’)’;

plot(S,CP(:,1),’k*-’,S, CP(:,2),’ko-’,S,CP(:,3),’k^-’)

legend(’E = 200’,’E = 250’,’E = 300’,2)

xlabel(’S’,’fontsize’,20)

ylabel(’V’,’fontsize’,20,’rotation’,0)

set(gca,’fontsize’,20)

0A_� �ï×¼\�¦ z�́'��r�&��Ð��� ��6£§_� ���õ�\�¦ %3��̀¦ Ãº e����. '����������̀¦

]jü@ô�Ç �̧��H ���Ãº[þt�̀¦ �¦&ñ

�%i��̀¦ �â
Äº '���������(E)s� 7£x��½+ÉÃº2�¤ �̀v�����

����Ér y���è
�>� �)a��.

1.2.3 l���	�·(r)

ÕªaË> 6.5\�"f �̂¦ Ãº e��1pws� �̀v���������Ér s���Ö�¦(r)\� @/ô�Ç 7£x���<ÊÃº�Ð"f s�

��Ö�¦(r)s� 7£x��½+É Ãº2�¤ �̀v���������̧ 7£x��
�>� �)a��. option_r.cpp��H s���

Ö�¦\� ���Ér �̀v���������̀¦ ½̈
���H C++ �ï×¼�Ð"f ÕªaË> 6.5�̀¦ %3��̀¦ Ãº e����.

//////////////////////+option_r.cpp+//////////////////////

#include<iostream>

#include<cmath>

#include<vector>

#include<fstream>

#include<iomanip>

using namespace std;

#define PI 4.0*atan(1.0)
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double n = ((double)END - START) / (STEP-1);

for (int i=0; i < STEP; i++)

d.push_back(START+ n * i);

return d;

}

enum enumFILE {IN=0x01, OUT, ATE=0x04, APP=0x08, FILE_MAX};

class option_r

{

public:

option_r() { init(0, 0, 0.0, 0.0, 0.0); };

option_r(double nS, double nE, double nT, double nSigma, double nR)

{ init(nS, nE, nT, nSigma, nR);}

option_r(const option_r &data)

{ init(data.m_S, data.m_E, data.m_T, data.m_Sigma, data.m_R); }

virtual ~option_r(){}

void GetOptionPrice(int nType);

void init(double nS, double nE, double nT, double nSigma, double nR);

void WriteData(vector<double> X,vector<double> CP,int nType);

private:

double m_Sigma,m_T,m_R,m_E,m_S;

};

void option_r::WriteData(vector<double> X,vector<double> CP,int nType)

{

ofstream output;

output.open("option_r_S_Data.dat");

output<<fixed<<setprecision(6);

for(unsigned int i=0;i<X.size();i++)

{

output<<setw(12)<<showpoint<<X[i];

}

output<<endl;

output.clear();

output.close();

output.open("option_r_CP_Data.dat",nType);

for(unsigned int i=0;i<CP.size();i++)



]j 1 ]X� �̀v��� ����� ���&ñ
 �̧+þA_� BLACK-SCHOLES ¼#�p�ì�r~½Ó&ñ
d�� 125

option_r r3(400,250,(double)2/12,0.38,0.4);

r1->GetOptionPrice(OUT);

r2.GetOptionPrice(APP);

r3.GetOptionPrice(APP);

delete[] r1;

}

��6£§�Ér Òqt$í
�)a data��{9��̀¦ {9���H m-��{9�s���.

clc; clf; clear;

S = load(’option_r_S_Data.dat’);

CP = load(’option_r_CP_Data.dat’)’;

plot(S,CP(:,1),’k*-’,S, CP(:,2),’ko-’,S,CP(:,3),’k^-’)

legend(’r = 0.00’,’r = 0.20’,’r = 0.40’,2)

xlabel(’S’,’fontsize’,20)

ylabel(’V’,’fontsize’,20,’rotation’,0)

set(gca,’fontsize’,20)

1.2.4 ó5Ñ×iµe�ë5Ñ(T )

option_T.m��H ïß��>rl�çß�\� ���� �̀v���������̀¦ ½̈
���H C++ �ï×¼�Ð"f z�́'��
�

��� ÕªaË> 6.6\�¦ %3�>� �)a��.

//////////////////////+option_t.cpp+//////////////////////

#include<iostream>

#include<cmath>

#include<vector>

#include<fstream>

#include<iomanip>

using namespace std;
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vector<double> d;

double n = ((double)END - START) / (STEP-1);

for (int i=0; i < STEP; i++)

d.push_back(START+ n * i);

return d;

}

enum enumFILE {IN=0x01, OUT, ATE=0x04, APP=0x08, FILE_MAX};

class option_t

{

public:

option_t() { init(0, 0, 0.0, 0.0, 0.0); };

option_t(double nS, double nE, double nT, double nSigma, double nR)

{ init(nS, nE, nT, nSigma, nR);}

option_t(const option_t &data)

{ init(data.m_S, data.m_E, data.m_T, data.m_Sigma, data.m_R); }

virtual ~option_t(){}

void GetOptionPrice(int nType);

void init(double nS, double nE, double nT, double nSigma, double nR);

void WriteData(vector<double> X,vector<double> CP,int nType);

private:

double m_Sigma,m_T,m_R,m_E,m_S;

};

void option_t::WriteData(vector<double> X,vector<double> CP,int nType)

{

ofstream output;

output.open("option_t_S_Data.dat");

output<<fixed<<setprecision(6);

for(unsigned int i=0;i<X.size();i++)

{

output<<setw(12)<<showpoint<<X[i];

}

output.clear();

output.close();

output.open("option_t_CP_Data.dat",ios::app);

for(unsigned int i=0;i<CP.size();i++)

{
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t1->GetOptionPrice(OUT);

t2.GetOptionPrice(APP);

t3.GetOptionPrice(APP);

delete[] t1;

}

��6£§�Ér Òqt$í
�)a data��{9��̀¦ {9���H m-��{9�s���.

clc; clf; clear;

S = load(’option_t_S_Data.dat’);

CP = load(’option_t_CP_Data.dat’)’;

plot(S,CP(:,1),’k*-’,S, CP(:,2),’ko-’,S,CP(:,3),’k^-’)

legend(’T = 1/12’,’T = 5/12’,’T = 10/12’,2)

xlabel(’S’,’fontsize’,20)

ylabel(’V’,’fontsize’,20,’rotation’,0)

set(gca,’fontsize’,20)

ÕªaË> 6.6\�"f SX���� ½+ÉÃº e��1pws� ïß��>rl�çß�s� 7£x��½+ÉÃº2�¤ �̀v���������̧ 7£x

��ô�Ç��.

1.2.5 £o>�â Å]�(σ)

�̀v���������Ér���1lx$í
(σ)\�@/ô�Ç7£x���<ÊÃºs���. s�\�¦SX����
�l�0AK� C++�ï

×¼option_sig.cpp�̀¦z�́'��K��Ð��.

//////////////////////+option_sig.cpp+//////////////////////

#include<iostream>

#include<cmath>

#include<vector>

#include<fstream>

#include<iomanip>

using namespace std;
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vector<double> d;

double n = ((double)END - START) / (STEP-1);

for (int i=0; i < STEP; i++)

d.push_back(START+ n * i);

return d;

}

enum enumFILE {IN=0x01, OUT, ATE=0x04, APP=0x08, FILE_MAX};

class option_sig

{

public:

option_sig() { init(0, 0, 0.0, 0.0, 0.0); };

option_sig(double nS, double nE, double nT, double nSigma, double nR)

{ init(nS, nE, nT, nSigma, nR);}

option_sig(const option_sig &data)

{ init(data.m_S, data.m_E, data.m_T, data.m_Sigma, data.m_R); }

virtual ~option_sig(){}

void GetOptionPrice(int nType);

void init(double nS, double nE, double nT, double nSigma, double nR);

void WriteData(vector<double> X,vector<double> CP,int ntype);

private:

double m_Sigma,m_T,m_R,m_E,m_S;

};

void option_sig::WriteData(vector<double> X,vector<double> CP,int nType)

{

ofstream output;

output.open("option_sig_S_Data.dat");

output<<fixed<<setprecision(6);

for(unsigned int i=0;i<X.size();i++)

{

output<<setw(12)<<showpoint<<X[i];

}

output.clear();

output.close();

output.open("option_sig_CP_Data.dat",nType);

for(unsigned int i=0;i<CP.size();i++)

{
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��6£§�Ér Òqt$í
�)a data��{9��̀¦ {9���H m-��{9�s���.

clc; clf; clear;

S = load(’option_sig_S_Data.dat’);

CP = load(’option_sig_CP_Data.dat’)’;

plot(S,CP(:,1),’k*-’,S, CP(:,2),’ko-’,S,CP(:,3),’k^-’)

legend(’\sigma = 0.10’,’\sigma = 0.38’,’\sigma = 0.70’,2)

xlabel(’S’,’fontsize’,20)

ylabel(’V’,’fontsize’,20,’rotation’,0)

set(gca,’fontsize’,20)

0A_� C++ �ï×¼\� ���Ér ���õ���H ÕªaË> 6.7\�"f SX����½+É Ãº e����.
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ÕªaË> 6.7: ���1lx$í
(σ)\� ���Ér �̀v��������_� ����o
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£o>�â Å]� ÍÙÇa�

���1lx$í
(volatility)�Ér �̀v���_� ëß�l���t�_� l��í��íß������ ����oÖ�¦_� ì�r�í_� ³ð

ï�r¼#�	����¦ &ñ
_�½+É Ãº e����. l��̧��íß�s� {9�&ñ
l�çß�1lxîß� #QÖ¼&ñ
�̧ ¹¡§f��s���H

t�\�¦ ����?/��H Ãºu��Ð õ���&ñ
�Ð\�¦ ���½ÓÜ¼�Ð {9�&ñ
l�çß� 1lxîß�_� l��í��íß���

��� ����oÖ�¦_� ³ðï�r¼#�	���H %i���&h����1lx$í
s���
��¦, �̀v���_� r��©������\� ?/F�

�)a ���1lx$í
�̀¦ ?/F����1lx$í
s����¦ &ñ
_�ô�Ç��.

V� 1 â�
 6�=� £o>�â Å]�

Black-Scholes �̀v�����������&ñ
�̧+þA\�"f íß�Ø�¦�)a s��:r�����s� r��©������õ� °ú ��

t��̧2�¤
���H���1lx$í
�̀¦?/F����1lx$í
s���ô�Ç��. s��Qô�Ç?/F����1lx$í
�Érz�́]jr�

�©�\�"f ��A�
���H ��|ÃÐ[þts� Ö¼z���H �̂y�� ���1lx$í
s����¦ ½+É Ãº e����. �̀v���_�

s��:r����H l��í��íß������, '���������, ïß��>rl�çß�, ���1lx$í
, s���Ö�¦�Ð ���&ñ
÷&#Q

t���HX< s�×�æ ���1lx$í
�̀¦ ���Ãº�Ð Z�~�¦ %i�íß�
�#� >�íß�ô�Ç °úכs� ?/F����1lx$í
s���.

s��Qô�Ç ?/F����1lx$í
�Ér {9�ìøÍ&h�Ü¼�Ð Ãºu�K�$3�&h� ~½ÓZO��̀¦ &h�6 x
�#� >�íß�ô�Ç��.

s� �©�\�"f��H c+t�̀v���_� ?/F����1lx$í
�̀¦ ¾»�Ér êÁ���HZO��̀¦ s�6 x
�#� ½̈K��Ðl��Ð


���.

135
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#�l�"f σi��H ÆÒ&ñ
���1lx$í
, Vm�Ér �̀v���_� r��©������, ∂V
∂σi

= S
√

TN ′(d1)
1��H Z�

��(Vega, ���1lx$í
\� ���Ér �̀v�����u�_� ���y���̧, ��[jô�Ç ?/6 x�Ér ]j 7�©�_� Ä»ô�Ç

	�ì�rZO�_� Greek�ÃÐ�¦)\�¦ �����·p��. ��6£§�Ér ?/F����1lx$í
�̀¦ ½̈
���H çß�éß�ô�Ç \V

]js���. l��í��íß������ S = 100, '��������� E = 100, s���Ö�¦ r = 0.05, ëß�l�

r�çß��Ér T = 1.0, Õªo��¦ �̀v���_� r��©������ Vm = 20Ü¼�Ð ��&ñ

��¦ �íl� °úכ�Ér

0.2�Ð [O�&ñ

�%i��¦, Ãºu� K�$3�&h� ~½ÓZO�Ü¼�Ð K�\�¦ ½̈½+É M: ¹ô�Çכ��9 �̧	� ô�Ç>�u�

��H 1.0e − 6�Ð 
�%i���. Newton_implied_vol.cpp��H0A_� d���̀¦ s�6 x
�#� ?/

F����1lx$í
�̀¦ ½̈ô�Ç C++ �ï×¼s���.

//////////////////////+Newton_implied_vol.cpp+//////////////////////

#include<iostream>

#include<cmath>

#include<iomanip>

using namespace std;

#define PI 4.0*atan(1.0)

double normcdf(double X)

{

double L, K, w ;

double const a1 = 0.31938153, a2 = -0.356563782, a3 = 1.781477937,

a4 = -1.821255978, a5 = 1.330274429;

L = fabs(X);

K = 1.0 / (1.0 + 0.2316419 * L);

w = 1.0 - 1.0 / sqrt(2 * PI) * exp(-L *L / 2) *

(a1 * K + a2 * K *K + a3 * pow(K,3) + a4 * pow(K,4) + a5 * pow(K,5));

if (X < 0 ){

w= 1.0 - w;

}

return w;

}

double normpdf(double X, double mu, double sigma)

{

10A_� d��\�"f ��6 x÷&��H d1�Ér ��6£§õ� °ú ��.

d1 =
ln(S/E) + (r + σ2/2)T

σ
√

T
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return 0;

}

Ø�¦§4����õ���H ��6£§õ� °ú ��.

ÕªaË> 7.2: ¾»�ÉrêÁ���HZO� K� ¹1Ôl�

¥o>¢æ¹%K�V� 1.1

1. f(x) = e2x − ex − 2 = 0�Ér ½̈çß� [0, 1]\�"f ��H�̀¦ °ú���H��. Newton-

Rapson ~½ÓZO��̀¦ ��6 x
�#� ��H�̀¦ ½̈
�#���.
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ËÂø5� 	�&P�ß��

(Finite Difference Method)

V� 1 â�
 5�³À

Ä»ô�Ç	�ì�rZO��Ér p�ì�r~½Ó&ñ
d�� (differential equation)�̀¦ 	�ì�r~½Ó&ñ
d�� (difference

equation)Ü¼�Ð s�íß��o r�&�"f Ãºu�&h���� K�\�¦ ½̈
���H ~½ÓZO�s���. s� �©�\�"f

��H Ä»ô�Ç	�ì�rZO��̀¦ ��6 x
�#� \P�~½Ó&ñ
d�� (heat equation)õ� �̂¦Ïþ� _�tÝ¼ ¼#�p�ì�r

~½Ó&ñ
d��_� ��H��K�\�¦ ½̈½+É �.���s	כ ���$� Taylor_� &ñ
o�1\�¦ ���½ÓÜ¼�Ð 
��¦ e��

��H Ä»ô�Ç	�ì�rZO�_� l��:r "é¶o�\�¦ ¶ú�(R�Ð��. Taylor_� &ñ
o�\�¦ s�6 x
���� �<ÊÃº

u(x + h, t)��H ��6£§õ� °ú s� (x, t) \�"f_� u �<ÊÃº°úכõ� p�ì�r°úכ[þt_� Áºô�Ç/åLÃº�Ð

����è­q Ãº e����.

u(x + h, t) = u(x, t) + ux(x, t)h +
uxx(x, t)

2
h2 +

uxxx(x, t)

3!
h3 + · · · (8.1)

ux(x, t)\� @/K�"f &ñ
o�
����, 1	�p�ì�r\� @/ô�Ç 	�ì�rd���̀¦ %3���H��.

ux(x, t) =
u(x + h, t) − u(x, t)

h
+ O(h). (8.2)

1Taylor &ñ
o�: �<ÊÃº f(x)�� x = x0\�"f n��� p�ì�r��0px
����¦ 
���.

pn(x) = u(x0) + u′(x0)(x − x0) +
u′′(x0)

2!
(x − x0)

2 + . . . +
u(n)(x0)

n!
(x − x0)

n

�̀¦ x = x0\�"f u(x)_� n���P: Taylor ���½Ód��s��� ô�Ç��.

141
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V� 2 â�
 á~
 '�×Ça�ÐÏ�Uc 7�ø5� ËÂø5� 	�&P�ß��

Ä»ô�Ç	�ì�rZO��̀¦s�6 x
�#�\P�~½Ó&ñ
d���̀¦Û�¦#Q�Ðl��Ð
���. \P�~½Ó&ñ
d���Érd��(8.8)õ�

°ú �Ér ¼#�p�ì�r ~½Ó&ñ
d��s���.

ut(x, t) = uxx(x, t), 0 < x < 1, t > 0. (8.8)

s� M: �â
>��̧|	��Ér u(0, t) = u(1, t) = 0 (t > 0)s��¦ �íl��̧|	��Ér u(x, 0) =

sin(πx) (0 ≤ x ≤ 1)�̀¦ ëß�7á¤ô�Ç��. K�$3�K���H u(x, t) = sin(πx)e−π2ts� 9 Õª

aË>8.2ü<ÕªaË>8.3%�!3� ÕªA�áÔ�Ð����è­qÃºe����. s�~½Ó&ñ
d��\�@/ô�Ç��H��K�\�¦

"î
r�&h�, �<Ê»¡¤&h�, Õªo��¦ ß¼Ï��ß¼-m�c+t��H Ä»ô�Ç	�ì�rZO��̀¦ s�6 x
�#� ½̈K��Ð��.
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xt

ÕªaË> 8.2: \P�~½Ó&ñ
d��_� K�$3�K�

2.1 ÃZ�k��\� (Explicit) ËÂø5� 	�&P�ß��

���$� &ñ
Ãº Nx > 0�̀¦ ���×þ�
��¦ h = 1/(Nx − 1)s��� &ñ
_�
����, d��(8.3)ü<

(8.7)�̀¦ s�6 x
�#�, \P�~½Ó&ñ
d��(8.8)\� @/K� ��6£§õ� °ú s� Ä»ô�Ç	�ì�rZO��̀¦ &h�6 x½+É
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�̀¦ "î
r�&h�s��� ÂÒØÔ��H s�Ä»s���. heatex.cpp�Ér α = 0.45, Nx = 30{9� M:,

r�çß�\� ���Ér \P�~½Ó&ñ
d��_� K�\�¦ �����·p C++ �ï×¼s���.

//////////////////////+heatex.cpp+//////////////////////

#include<iostream>

#include<cmath>

#include<vector>

#include<fstream>

#include<iomanip>

using namespace std;

#define PI 4.0*atan(1.0)

vector<double> linspace(int START,int END, int STEP)

{

vector<double> d;

double n = ((double)END - START) / (STEP-1);

for (int i=0; i < STEP; i++)

d.push_back(START+ n * i);

return d;

}

class heatex

{

private:

double m_alpha, m_T;

int m_Nt,m_Nx;

public:

heatex(){init(.0,0,.0);};

heatex(const heatex &data)

{init(data.m_alpha,data.m_Nx,data.m_T);};

heatex(double nalpha, int nNx, double nT) :

m_alpha(nalpha), m_Nx(nNx),m_T(nT){}

~heatex(){};

void init(double nalpha, int nNx, double nT);

void GetNumericalSolution();

void WriteData(vector<double> S, vector<vector<double>>

CP,vector<vector<double>> CPP);

};
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output.close();

}

void heatex::GetNumericalSolution()

{

vector<double> x=linspace(0,1,m_Nx);

double h=x[1]-x[0],k= m_alpha*pow(h,2);

m_Nt=(int)floor(m_T/k+0.5);

vector<vector<double>> u(m_Nx, vector<double>(m_Nt+1)),exu(m_Nx,

vector<double>(m_Nt+1));

for (int i=0;i<m_Nx;i++)

u[i][0]=sin(PI*x[i]);

exu=u;

for (int n=0; n<m_Nt;n++)

{

for (int i=1; i<m_Nx-1;i++)

{

exu[i][n+1]=sin(PI*x[i])*exp(-pow(PI,2)*(k*(n+1)));

u[i][n+1]=u[i][n]+m_alpha*(u[i-1][n]-2.0*u[i][n]+u[i+1][n]);

}

}

WriteData(x,u,exu);

}

int main()

{

heatex ex(0.45,30,0.125);

ex.GetNumericalSolution();

return 0;

}

��6£§�Ér data��{9��̀¦ {9���H m-��{9�s���.

clc; clf; clear;
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ÕªaË> 8.4: α = 0.45��� îß�&ñ
ô�Ç �©�I�

0 ≤ α sin2 βh

2
≤ 1

2
. (8.12)

����"f, �ª�Ä»ô�Ç	�ì�rK��� îß�&ñ
&h�s�l� 0Aô�Ç �¹Ø�æìכ��9r�̧|	��Ér ��6£§õ� °ú 

��.

0 < α ≤ 1

2
. (8.13)

ÕªaË> 8.4\�"f α = 0.45{9�M: >�íß��)a °úכ�Ér &ñ
SX�ô�Ç K�\� ����0>t�t�ëß�, Õª

aË> 8.5\�"f�Ð1pws� α = 0.55{9�M:>�íß��)a°úכ�Ér&ñ
SX�ô�ÇK��ÐÃº§4�
�t�·ú§��H��.

7£¤ α_� °úכs� &�f��\� ���� ½̈ô�Ç K��� Ô�¦îß�&ñ
½+É Ãº e������H &h�s� "î
r�&h� Ä»ô�Ç

	�ì�rZO�_� éß�&h�s���.
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�̀¦ %3�>� �)a��. (8.15)��H ��6£§õ� °ú �Ér ���+þA r�Û¼%7� (linear system)Ü¼�Ð ����

è­q Ãº e����.





1 + 2α −α 0 . . . 0

−α 1 + 2α −α 0

0 −α
. . .

. . .
...

...
. . .

. . . −α

0 0 −α 1 + 2α









un+1
2

un+1
3

...

...

un+1
Nx−1





=





αun+1
1 + un

2

un
3

...

...

un
Nx−1 + αun+1

Nx





=





bn
2

bn
3

...

...

bn
Nx−1





. (8.15)

(8.15)�Ér 7á§ �8 ·ú�»¡¤�)a +þAI����

Au
n+1 = b

n (8.16)

Ü¼�Ð ����è­q Ãº e����. #�l�"f u
n+1ü< b

n��H (Nx − 2)−	�"é¶_�  7�'�[þt���

u
n+1 = (un+1

2 , · · · , un+1
Nx−1)

T , b
n = u

n + α(un
1 , 0, · · · , 0, un+1

Nx
)T

�̀¦ >pw
� 9, A�Ér (8.15)\�"f ÅÒ#Q��� (Nx − 2)−&ñ
~½Ó@/g�A'��§>=�̀¦ >pwô�Ç��. α ≥
0\� @/
�#� A�Ér ��%i� (invertible)s�Ù¼�Ð

u
n+1 = A−1

b
n (8.17)

s���. Õª�QÙ¼�Ð u
nõ��â
>��̧|	�\�_�K� ½̈K�t���H b

n\�_�K� u
n+1\�¦¹1Ô�̀¦Ãº

e����. �íl��̧|	��Ér u
1\� _�K� ���&ñ
÷&Ù¼�Ð, y��y��_� u

n+1�̀¦ í�H	�&h�Ü¼�Ð ½̈½+É

Ãº e����.
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u�
�>� ÷&�¦ d2ü< b2_� °ú̧�כ ��6£§õ� °ú s� ���
�>� �)a��.

d2 = d2 −
a1

d1
c1, b2 = b2 −

a1

d1
b1


�t�ëß� c2��H ���
�t� ·ú§��H��.




d1 c1

0 d2 −
a1c1

d1
c2

a2 d3 c3

. . .
. . .

. . .

ai−1 di ci

. . .
. . .

. . .

aNx−2 dNx−1 cNx−1

aNx−1 dNx









x1

x2

x3

...

xi

...

xNx−1

xNx





=





b1

b2 −
a1b1

d1

b3

...

bi

...

bNx−1

bNx





.

s� õ�&ñ
�̀¦ ìøÍ4�¤
�#� &h�6 x
���� y��y��_� éß�>�\�"f diü< bi[þt�Ér ��6£§õ� °ú 

s� ��7
>� �)a��:

di = di −
ai−1

di−1
ci−1, bi = bi −

ai−1

di−1
bi−1 (2 ≤ i ≤ Nx).
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vector<double> linspace(int START,int END, int STEP)

{

vector<double> d;

double n = ((double)END - START) / (STEP-1);

for (int i=0; i < STEP; i++)

d.push_back(START+ n * i);

return d;

}

class heatim

{

private:

int m_Nx, m_Nt, m_start, m_end;

double m_h, m_T,m_alpha, m_k ;

public:

heatim(int m_Nx,double m_T, double m_alpha);

~heatim(){};

void GetNumericalSolution();

void WriteData(vector<double> S, vector<vector<double>> CP);

};

heatim::heatim(int nNx, double nT, double nalpha)

{

m_Nx=nNx;m_T=nT;m_alpha=nalpha;m_start=0;m_end=1;

}

void heatim::GetNumericalSolution()

{

vector<double> x=linspace(m_start, m_end, m_Nx);

m_h=x[2]-x[1];

m_k=m_alpha*pow(m_h,2);

m_Nt=floor(m_T/m_k+0.5);

vector<vector<double>> u(m_Nx, vector<double>(m_Nt+1));

for (int i=0;i<m_Nx;i++)

u[i][0]=sin(PI*x[i]);

vector<double> dd(m_Nx-2),c(m_Nx-2),a(m_Nx-2);

for (int i=0; i<m_Nx-2;i++)

{
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for (unsigned int j=0; j< CP[i].size(); j++) {

output<<setw(12)<<showpoint<<CP[i][j];

}

output<<endl;

}

output.clear();

output.close();

}

int main()

{

heatim im(12,0.1,2.0);

im.GetNumericalSolution();

return 0;

}

��6£§�Ér data ��{9��̀¦ {9���H m-��{9�s���.

clc; clf; clear;

x = load(’heatim_S_Data.dat’);

u = load(’heatim_CP_Data.dat’);

plot(x,u,’ko-’)

xlabel(’x’,’FontSize’,20); ylabel(’u(x,t)’,’FontSize’,20);

0A_� �ï×¼ heatim.cpp\�¦ z�́'��
���� ��6£§_� ���õ�\�¦ %3��̀¦ Ãº e����.

2.2.2 Áþ���́�\� '�×ß���+ ò5ÑÇa�Å]� %K�V� - Ûeµ �¿l�ï5Ñ '�×ß��

"î
r�&h� ~½ÓZO�_� îß�&ñ
$í
 ë�H]jü< °ú s� r�çß�s� t�z��\� ����"f

un
k = eiβkhξn (8.19)

s� #Qb�G>� $í
�©�
���H�� �Ð��. d�� (8.19)�̀¦ ~½Ó&ñ
d�� (8.15)\� @/{9��̀¦ 
���� ��6£§
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��H p�ì�r��H��°úכ u
n+1/2
i �̀¦ s�6 xô�Ç��. r�&h� n + 1/2\�"f , r�çß�\�@/ô�Ç 1>� ¼#�

p�ì�r�̀¦ ½̈
���� ��6£§õ� °ú ��.

ut(xi, t
n+1/2) =

un+1
i − un

i

k
+ O(k2) (8.21)

¢̧ô�Ç r�&h� n + 1/2\�"f, /BNçß����Ãº x\� @/ô�Ç 2>� ¼#�p�ì�r�Ér r�&h� nü< n + 1\�

"f 2>� ¼#�p�ì�r ��H��°ú̀�כ¦ î̈
ç�HK�"f ½̈ô�Ç��.

uxx(xi, t
n+1/2) =

1

2

(
uxx(xi, t

n) + uxx(xi, t
n+1)

)
+ O(h2) (8.22)

=
1

2

(
un

i+1 − 2un
i + un

i−1

h2
+

un+1
i+1 − 2un+1

i + un+1
i−1

h2

)

+O(h2).

¿º ��H��d�� (8.21)ü< (8.22)_� ]X�éß��̧	���H y��y�� O(k2)õ� O(h2)Ü¼�Ð ��H��d��_�

&ñ
SX��̧�� Z�}l� M:ë�H\� ú́§�Ér >�íß��̀¦ 
�t� ·ú§���̧ Ãºu�ì�r$3�\�"f ëß�7á¤Û¼�Qî�r

K�\�¦ %3��̀¦ Ãº e����. d��(8.21)ü< (8.22)_� Äº����̀¦ °ú >� 
���� ��6£§õ� °ú �Ér ß¼

Ï��ß¼ m�c+t��H d���̀¦ %3��̀¦ Ãº e����.

−αun+1
i−1 + 2(1 + α)un+1

i − αun+1
i+1 = αun

i−1 + 2(1 − α)un
i + αun

i+1, (8.23)
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#define PI 4.0*atan(1.0)

vector<double> linspace(int START,int END, int STEP)

{

vector<double> d;

double n = ((double)END - START) / (STEP-1);

for (int i=0; i < STEP; i++)

d.push_back(START+ n * i);

return d;

}

class heatCN

{

private:

int m_Nx, m_Nt, m_start, m_end;

double m_h, m_T,m_alpha, m_k ;

public:

heatCN(int m_Nx,double m_T, double m_alpha);

~heatCN(){};

void GetNumericalSolution();

void WriteData(vector<double> S, vector<vector<double>> CP);

};

heatCN::heatCN(int nNx, double nT, double nalpha)

{

m_Nx=nNx;m_T=nT;m_alpha=nalpha;m_start=0;m_end=1;

}

void heatCN::GetNumericalSolution()

{

vector<double> x=linspace(m_start, m_end, m_Nx);

m_h=x[2]-x[1];

m_k=m_alpha*pow(m_h,2);

m_Nt=floor(m_T/m_k+0.5);

vector<vector<double>> u(m_Nx, vector<double>(m_Nt+1));

for (int i=0;i<m_Nx;i++)

{

u[i][0]=sin(PI*x[i]);
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output<<setw(12)<<showpoint<<S[i];

output.clear();

output.close();

output.open("heatCN_u_Data.dat");

for(unsigned int n=0;n<CP[0].size();n++)

{

for (unsigned int i=0;i<S.size();i++)

{

output<<setw(12)<<showpoint<<CP[i][n];

}

output<<endl;

}

output.clear();

output.close();

}

int main()

{

heatCN CN(12,0.1,2.0);

CN.GetNumericalSolution();

return 0;

}

��6£§�Ér data��{9��̀¦ {9���H m-��{9�s���.

clc; clf; clear;

x = load(’heatCN_x_Data.dat’);

u = load(’heatCN_u_Data.dat’);

plot(x,u,’ko-’);

xlabel(’x’,’FontSize’,20); ylabel(’u(x,t)’,’FontSize’,20)

0A_� �ï×¼ heatCN.cpp\�¦ z�́'��
���� ��6£§_� ���õ�\�¦ %3��̀¦ Ãº e����.
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ξ��H �̧��H �ª�Ãº αü< �̧��H β\� @/K�"f 1
4α+1 ≤ ξ ≤ 1�̀¦ ëß�7á¤ô�Ç��. ����"f

d��(8.15)�Ér Áº�̧|	� îß�&ñ
&h�s���. s���H ÕªaË> 8.6�Ð SX����½+É Ãº e����.

2.4 ÊÁ�]�Å]� (convergence) Ycâ«çÃ

²DG�è]X�éß��̧	� (local truncation error)��H ���5ÅqK��� �̧×¼&h�\�"f Ãºu�&h� ~½ÓZO�

�̀¦ ëß�7á¤
�t� 3lw
���H 	�s�\�¦ 8£¤&ñ
ô�Ç �.���s	כ Ãºu� l�ZO�_� ²DG�è]X�éß��̧	���H

���5Åq&h���� ë�H]j_� &ñ
SX�ô�Ç K�\�¦ s�íß�&h���� Ãºu�l�ZO�\� @/{9��<ÊÜ¼�Ð+� µ1ÏÒqtô�Ç

��. u(xi, t
n)��H \P�~½Ó&ñ
d��_� &ñ
SX�ô�Ç K�\�¦ �����·p��. ��6£§�Ér &ñ
SX�ô�Ç K�\�¦ Ãº

u�l�ZO�\� @/{9��<ÊÜ¼�Ð+� "î
r�&h� Ä»ô�Ç	�ì�rZO�_� ²DG�è]X�éß��̧	�\�¦ ¹1Ô��H õ�&ñ
s�

��. �̧×¼ (xi, t
n)\�"f ²DG�è]X�éß��̧	���H ��6£§õ� °ú s� ½̈ô�Ç��.

T (xi, t
n) =

u(xi, t
n+1) − u(xi, t

n)

k
− u(xi+1, t

n) − 2u(xi, t
n) + u(xi−1, t

n)

h2
.

s�]j �̧×¼(xi, t
n)\�"f _�{9��Q���>h\�¦ 
���� y��y��_� �½Ó�̀¦ ��6£§õ� °ú s� ����è­q

Ãº e����.

T (xi, t
n) = ut(xi, t

n) +
k

2
utt(xi, t

n) + O(k2)

−uxx(xi, t
n) +

h2

12
uxxxx(xi, t

n) + O(h4).

#�l�"f u(xi, t
n)�Ér \P�~½Ó&ñ
d���̀¦ ëß�7á¤
�Ù¼�Ð ��6£§s� $í
wn�ô�Ç��.

T (xi, t
n) =

k

2
utt(xi, t

n) +
h2

12
uxxxx(xi, t

n) + O(k2) + O(h4)

= O(k) + O(h2). (8.28)

Ãºu�&h� K��� Ãº§4�
�l� 0AK� ¹ô�Çכ��9 �̧|	��Ér Ãºu�l�ZO�_� ²DG�è]X�éß��̧	�

�� /BNçß�çß����õ� r�çß�çß�����̀¦ ×�¦{9�Ãº2�¤ 0\� ��H��K��� ô�Ç����H �.���s	כ s�XO�

�â
Äº\�, Ãºu�l�ZO�s� {9��'a&h� (consistent)s����¦ ô�Ç��. &ñ
SX��̧_� 	�Ãº (or-

der of accuracy)��H ]X�éß��̧	��½Ó\�"f hü< k_� 5pxÃº_� 	�Ãº�Ð &ñ
_��)a��. ]X�

éß��̧	��½Ó�̀¦ O(kl + hm)�Ð ��&ñ

���� Ãºu�l�ZO�s� l	� r�çß� &ñ
SX� (lth order

time accurate)
��¦ m	� /BNçß�&ñ
SX� (mth order space accurate)
����¦ ô�Ç��.

d��(8.33)Ü¼�ÐÂÒ'� "î
r�&h�Ä»ô�Ç	�ì�rZO��Ér 1	�r�çß�&ñ
SX�
��¦ 2	�/BNçß�&ñ
SX��<Ê

�̀¦ ·ú� Ãº e����.
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if (S[i]>=q)

q=S[i];

}

return q;

}

class heatex_convergence_test

{

private:

double m_T,m_h, m_k, m_alpha;

int m_Nt, m_start, m_end,m_N;

public:

heatex_convergence_test(double m_T, int m_start, int m_end);

~heatex_convergence_test(){};

void WriteData(vector<double> S, vector<vector<double>> CP);

void Convergence_Test();

};

heatex_convergence_test::heatex_convergence_test(double nT, int nstart,

int nend)

{

m_T=nT;m_start=nstart; m_end=nend;m_alpha=0.1;

}

void heatex_convergence_test::Convergence_Test()

{

vector<double> hh(5),tt(5),err(5);

for (int iter=0; iter<5;iter++)

{

m_N=10*(int)pow(2.0,iter)+1;

vector<double> x=linspace(m_start, m_end, m_N);

m_h=x[2]-x[1];

m_k=m_alpha*pow(m_h,2);

m_Nt=(int)floor(m_T/m_k+0.5);

vector<vector<double>> u(m_N, vector<double>(m_Nt+1));

vector<double> exact(m_N);

for (int i=0;i<m_N; i++)

{
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e����.

ÕªaË> 8.8: "î
r�&h� Ä»ô�Ç 	�ì�rZO� Ãº§4�$í
 _�Û¼àÔ

2.4.2 Áþ���́�\� ËÂø5�	�&P�ß��

\P�~½Ó&ñ
d��_� �<Ê»¡¤&h� Ä»ô�Ç 	�ì�rZO�_� Ãº§4�$í
�̀¦ ·ú����Ðl� 0AK� ��6£§_� _�Û¼àÔ

\�¦ Ãº'��K��Ð��.

//////////////////////+heatim_convergence_test.cpp+//////////////////////

#include<iostream>

#include<cmath>

#include<vector>

#include <algorithm>

#include<fstream>

#include<iomanip>

using namespace std;

#define PI 4.0*atan(1.0)

vector<double> linspace(int START,int END, int STEP)

{

vector<double> d;

double n = ((double)END - START) / (STEP-1);

for (int i=0; i < STEP; i++)

d.push_back(START+ n * i);

return d;

}
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{

vector<double> hh(5),tt(5),err(5);

for (int iter=0; iter<5;iter++)

{

m_N=10*(int)pow(2.0,iter)+1;

vector<double> x=linspace(m_start, m_end, m_N);

m_h=x[2]-x[1];

m_k=m_alpha*pow(m_h,2);

m_Nt=floor(m_T/m_k+0.5);

vector<vector<double>> u(m_N, vector<double>(m_Nt+1));

vector<double> exact(m_N);

for (int i=0; i<m_N;i++)

{

u[i][0]=sin(PI*x[i]);

exact[i]=u[i][0]*exp(-pow(PI,2)*m_T);

}

vector<double> dd(m_N-2),c(m_N-2),a(m_N-2);

for (int i=0; i<m_N-2;i++)

{

dd[i]=1+2.0*m_alpha;

c[i]=-m_alpha;

a[i]=-m_alpha;

}

vector<double> b(m_N-2),d(m_N-2);

for (int n=0;n<m_Nt;n++)

{

d=dd;

for (int i=0; i<m_N-2;i++)

b[i]=u[i+1][n];

for (int i=1; i<m_N-2;i++)

{

double xmult=a[i-1]/d[i-1];

d[i]=d[i]-xmult*c[i-1];

b[i]=b[i]-xmult*b[i-1];

}

u[m_N-2][n+1]=b[m_N-3]/d[m_N-3];
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ÕªaË> 8.9: �<Ê»¡¤&h� Ä»ô�Ç 	�ì�rZO� Ãº§4�$í
 _�Û¼àÔ

2.4.3 æ«�ßjæ« f�¦I·ÕM� ËÂø5�	�&P�ß��

\P�~½Ó&ñ
d��_� ß¼Ï��ß¼ m�c+t��H Ä»ô�Ç 	�ì�rZO�_� Ãº§4�$í
�̀¦ ·ú����Ðl� 0AK� ��6£§_�

_�Û¼àÔ\�¦ Ãº'��K��Ð��.

//////////////////////+heatcn_convergence_test.cpp+//////////////////////

#include<iostream>

#include<cmath>

#include<vector>

#include <algorithm>

#include<fstream>

#include<iomanip>

using namespace std;

#define PI 4.0*atan(1.0)

vector<double> linspace(int START,int END, int STEP)

{

vector<double> d;

double n = ((double)END - START) / (STEP-1);

for (int i=0; i < STEP; i++)

d.push_back(START+ n * i);

return d;

}

vector<double> absolute(vector<vector<double>> S, vector<double> SS, int

nFirst, int nSecond)
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for (int iter=0; iter<5;iter++)

{

m_N=10*(int)pow(2.0,iter)+1;

vector<double> x=linspace(m_start, m_end, m_N);

m_h=x[2]-x[1];

m_k=m_alpha*pow(m_h,2);

m_Nt=(int)floor(m_T/m_k+0.5);

vector<vector<double>> u(m_N, vector<double>(m_Nt+1));

vector<double> exact(m_N);

for (int i=0; i<m_N;i++)

{

u[i][0]=sin(PI*x[i]);

exact[i]=u[i][0]*exp(-pow(PI,2)*m_T);

}

vector<double> dd(m_N-2),c(m_N-2),a(m_N-2);

for (int i=0; i<m_N-2;i++)

{

dd[i]=2*(1+m_alpha);

c[i]=-m_alpha;

a[i]=-m_alpha;

}

vector<double> b(m_N-2),d(m_N-2);

for (int n=0;n<m_Nt;n++)

{

d=dd;

for (int i=0; i<m_N-2;i++)

{

b[i]=m_alpha*u[i][n]+2*(1-m_alpha)*u[i+1][n]+m_alpha*u[i+2][n];

}

for (int i=1; i<m_N-2;i++)

{

double xmult=a[i-1]/d[i-1];

d[i]=d[i]-xmult*c[i-1];

b[i]=b[i]-xmult*b[i-1];

}

u[m_N-2][n+1]=b[m_N-3]/d[m_N-3];
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ÕªaË> 8.10: ß¼Ï��ß¼ m�c+t��H Ä»ô�Ç 	�ì�rZO� Ãº§4�$í
 _�Û¼àÔ

V� 3 â�
 Black-Scholes Ã¡>i�&P�'�×Ça�ÐÏ�Uc 7�ø5� ËÂø5� 	�

&P�ß��

Ä»�Qx���� c+t �̀v���_� °ú̀�כ¦ ½̈
�l� 0AK�"f Black-Scholes ¼#�p�ì�r~½Ó&ñ
d���̀¦ Ä»

ô�Ç	�ì�rZO�Ü¼�Ð Û�¦#Q"f ½̈ô�Ç��. ¼#�p�ì�r~½Ó&ñ
d���Ér Dirichlet �â
>��̧|	��̀¦ °ú���H

�íÓüt���+þA ¼#�p�ì�r~½Ó&ñ
d��s���. :£¤y� �íl��̧|	��Ð�� ëß�l�r�_� �̧|	�s� ÅÒ#Q���

��. τ = T − t\�¦ ïß��>rl�çß�Ü¼�Ð Z�~6£§Ü¼�Ð+�, �8 �����Û¼�Qî�r r�çß�_� ~½Ó&ñ
d��

Ü¼�Ð ��ÜãJ Ãº e����. Õª�Q��� ¼#�p�ì�r~½Ó&ñ
d���Ér ��6£§õ� °ú s� &ñ
o��)a��.

uτ =
1

2
σ2x2uxx + rxux − ru.

s� M:, &ñ
_�%i��Ér x ≥ 0 s��¦, r�çß�_� #3�0A��H 0 ≤ τ ≤ T , �íl�°úכ�Ér

u(x, 0) = max(x−E, 0) 2 s��¦,�â
>��̧|	��Ér u(0, τ) = 0, °úכs�	�H x\�@/K�"f

u(x, τ) ≈ x−Ee−rτ\�¦ °ú���H��. x\�¦ 0 ≤ x ≤ L_� #3�0A�Ð¿º�¦ h = L/(Nx −
1)ü< k = T/Nt_� çß�����̀¦ °ú���H Ä»ô�Ç 	�ì�r �����\�¦ ��6 x�<ÊÜ¼�Ð+�, s�íß� K�

un
i ≈ u((i−1)h, (n−1)k) = u(xi, t

n)\�¦>�íß�½+ÉÃºe����. �̧��H 1 ≤ n ≤ Nt\�

"f �íl� X<s�'�\� _�K� t�&ñ
�)a °úכ u1
i = max(xi −E, 0) for 1 ≤ i ≤ Nx, Õªo�

�¦ �â
>��̧|	�\� _�K� t�&ñ
�)a �â
>�°úכ un
1 = 0ü< un

Nx
= L − Ee−rtn�̀¦ °ú�>� �)a

��.

2�íl�°úכ u(x, 0) = max(x − E, 0)�Ér x < E{9� M: u(x, 0) = 0�̀¦ x ≥ E{9� M: u(x, 0) =

x − E�̀¦ _�p�ô�Ç��.
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{

private:

int m_E, m_L,m_Nx, m_Nt ;

double m_sigma, m_r,m_T;

public:

BSex(int nE, int nL, double nsigma, double nr, double nT, int nNx, int

nNt)

{

m_E=nE; m_L=nL; m_Nx=nNx; m_Nt=nNt;

m_sigma=nsigma; m_r=nr; m_T=nT;

}

~BSex(){};

void GetOptionPrice(void);

void WriteData(vector<double> S, vector<vector<double>> CP);

};

void BSex::WriteData(vector<double> S, vector<vector<double>> CP)

{

ofstream output;

output.open("BSex_x_Data.dat");

output<<fixed<<setprecision(4);

for (unsigned int i=0; i < S.size(); i++)

output<<setw(12)<<showpoint<<S[i];

output.clear();

output.close();

output.open("BSex_u_Data.dat");

for(unsigned int n=0;n<CP[0].size();n++)

{

for (unsigned int i=0;i<S.size();i++)

{

output<<setw(12)<<showpoint<<CP[i][n];

}

output<<endl;

}

output.clear();

output.close();
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clc; clf; clear;

x = load(’BSex_x_Data.dat’);

u = load(’BSex_u_Data.dat’)’;

plot(x,u(:,1:200:1001),’ko-’)

axis image; axis([0 800 0 600])
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ÕªaË> 8.11: "î
r�&h� ~½ÓZO�\� _�ô�Ç �̂¦�7�_�tÞÔ ~½Ó&ñ
d��_� Ãºu�K�

3.2 Áþ���́�\� '�×ß��Uc �+ø5� £�¹¤�> ��~Ê� Úr
Ça�

r�çß�\� @/ô�Ç ���~½Ó 	�ì�r�̀¦ s�6 xô�Ç "î
r�&h� ~½ÓZO�\�"f {9�#Q±ú� Ãº e����H Ô�¦îß�&ñ


$í
 ë�H]j\�¦ K����
�l� 0AK�"f Êê~½Ó	�ì�r�̀¦ s�6 x
�#� �<Ê»¡¤&h� ~½ÓZO��̀¦ &h�6 x
����

��6£§_� d���̀¦ %3�>� �)a��.

un+1
i − un

i

k
=

1

2
σ2x2

i

un+1
i+1 − 2un+1

i + un+1
i−1

h2
(8.29)

+rxi

un+1
i+1 − un+1

i−1

2h
− run+1

i .

s��Qô�Ç �<Ê»¡¤&h� ~½ÓZO��Ér r�çß�_� ß¼l�\� %ò
�¾Ó�̀¦ ~ÃÎt� ·ú§�̀¦ ÷�rëß� ��m��� Ãºu�
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BSim(double nE, int nL, double nsigma, double nr, double nT, int nNx,

int nNt)

{

m_E=nE; m_L=nL; m_sigma=nsigma; m_r=nr; m_T=nT; m_Nx=nNx; m_Nt=nNt;

}

~BSim(){};

void GetOptionPrice(void);

void WriteData(vector<double> S, vector<vector<double>> CP);

};

void BSim::WriteData(vector<double> S, vector<vector<double>> CP)

{

ofstream output;

output.open("BSim_x_Data.dat");

output<<fixed<<setprecision(4);

for (unsigned int i=0; i <S.size(); i++)

output<<setw(12)<<showpoint<<S[i];

output.clear();

output.close();

output.open("BSim_u_Data.dat");

for(unsigned int n=0;n<CP[0].size();n++)

{

for (unsigned int i=0;i<CP.size();i++)

{

output<<setw(12)<<showpoint<<CP[i][n];

}

output<<endl;

}

output.clear();

output.close();

}

void BSim::GetOptionPrice()

{

m_k=m_T/m_Nt;

vector<double> x=linspace(0, m_L, m_Nx);

m_h=x[1]-x[0];

vector<vector<double>> u(m_Nx, vector<double>(m_Nt+1));



]j 3 ]X� BLACK-SCHOLES ¼#�p�ì�r~½Ó&ñ
d��\� @/ô�Ç Ä»ô�Ç 	�ì�rZO� 185

int main()

{

BSim in(230.0, 800, 0.5, 0.03,1.0, 50, 100);

in.GetOptionPrice();

return 0;

}

��6£§�Ér data��{9��̀¦ {9���H m-��{9�s���.

clc; clf; clear;

x = load(’BSim_x_Data.dat’);

u = load(’BSim_u_Data.dat’)’;

plot(x,u(:,1:20:101),’ko-’)

axis image; axis([0 800 0 600])
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using namespace std;

vector<double> linspace(int START,int END, int STEP)

{

vector<double> d;

double n = ((double)END - START) / (STEP-1);

for (int i=0; i < STEP; i++)

d.push_back(START+ n * i);

return d;

}

class BScn

{

private:

double m_E, m_sigma, m_r, m_T, m_k, m_h;

int m_Nx, m_Nt, m_L ;

public:

BScn(double nE, int nL, double nsigma, double nr, double nT, int nNx,

int nNt)

{

m_E=nE; m_L=nL; m_sigma=nsigma; m_r=nr; m_T=nT; m_Nx=nNx; m_Nt=nNt;

}

~BScn(){};

void GetOptionPrice(void);

void WriteData(vector<double> S, vector<vector<double>> CP);

};

void BScn::WriteData(vector<double> S, vector<vector<double>> CP)

{

ofstream output;

output.open("BScn_x_Data.dat");

output<<fixed<<setprecision(4);

for (unsigned int i=0; i < S.size(); i++)

output<<setw(12)<<showpoint<<S[i];

output.clear();

output.close();

output.open("BScn_u_Data.dat");

for(unsigned int n=0;n<CP[0].size();n++)

{
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u[m_Nx-1][n+1]=m_L-m_E*exp(-m_r*m_k*(n+1));

b[m_Nx-3]=b[m_Nx-3]-c[m_Nx-3]*u[m_Nx-1][n+1];

for (int i=1; i<m_Nx-2;i++)

{

double xmult=a[i-1]/d[i-1];

d[i]=d[i]-xmult*c[i-1];

b[i]=b[i]-xmult*b[i-1];

}

u[m_Nx-2][n+1]=b[m_Nx-3]/d[m_Nx-3];

for (int i=m_Nx-4;i>=0; i--)

{

u[i+1][n+1]=(b[i]-c[i]*u[i+2][n+1])/d[i];

}

}

WriteData(x,u);

}

int main()

{

BScn cn(230.0, 800, 0.5, 0.03,1.0, 50, 100);

cn.GetOptionPrice();

return 0;

}

��6£§�Ér data��{9��̀¦ {9���H m-��{9�s���.

clc; clf; clear;

x = load(’BScn_x_Data.dat’);

u = load(’BScn_u_Data.dat’)’;

plot(x,u(:,1:20:101),’ko-’)
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a4 = -1.821255978, a5 = 1.330274429;

L = fabs(X);

K = 1.0 / (1.0 + 0.2316419 * L);

w = 1.0 - 1.0 / sqrt(2 * PI) * exp(-L *L / 2) *

(a1 * K + a2 * K *K + a3 * pow(K,3) + a4 * pow(K,4) + a5 * pow(K,5));

if (X < 0 ){

w= 1.0 - w;

}

return w;

}

vector<double> linspace(int START,int END, int STEP)

{

vector<double> d;

double n = ((double)END - START) / (STEP-1);

for (int i=0; i < STEP; i++)

d.push_back(START+ n * i);

return d;

}

class BSex_stability

{

private:

double m_E, m_sigma, m_r, m_alpha,m_T, m_h, m_k;

int m_Nx, m_Nt, m_L;

public:

BSex_stability(double nE, int nL, double nsigma, double nr, double nT,

int nNx)

{

m_E=nE; m_L=nL; m_sigma=nsigma; m_r=nr; m_alpha=0.000005; m_T=nT;

m_Nx=nNx;

}

~BSex_stability(){};

void GetOptionPrice(void);

void BSex_stability::WriteData(vector<double> S, vector<vector<double>>

CP,vector<vector<double>> CPP);

};
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m_h=x[2]-x[1];

m_k=2*m_alpha*pow(m_h/m_sigma,2);

m_Nt=(int)floor(m_T/m_k+0.5);

vector<vector<double>> u(m_Nx, vector<double>(m_Nt+1)),exu(m_Nx,

vector<double>(m_Nt+1));

for(int i=0;i<m_Nx;i++)

{

if (x[i]<=m_E)

u[i][0]=0;

else

u[i][0]=x[i]-m_E;

}

for (int n=1;n<m_Nt+1;n++)

u[m_Nx-1][n]=m_L-m_E*exp(-m_r*m_k*n);

exu=u;

vector<double> d1(m_Nx),d2(m_Nx);

for (int n=0; n< m_Nt; n++)

{

for (int i=1; i<m_Nx-1;i++)

{

u[i][n+1] = u[i][n] + m_k*(((double)1/2)*pow(m_sigma, 2) * pow(x[i], 2)*

((u[i+1][n]-2.0*u[i][n]+u[i-1][n]) / pow(m_h,2)) +

m_r*x[i] * ((u[i+1][n]-u[i-1][n])/(2.0*m_h))-m_r*u[i][n]);

}

for(int i=0;i<m_Nx;i++)

{

d1[i]=(log(x[i]/m_E)+(m_r+pow(m_sigma,2)/2)*m_k*n) /

(m_sigma*sqrt(m_k*n));

d2[i]=d1[i]-m_sigma*sqrt(m_k*n);

exu[i][n+1]=x[i]*normcdf(d1[i])-m_E*exp(-m_r*m_k*n)*normcdf(d2[i]);

}

}

WriteData(x, u,exu);

}

int main()
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ÕªaË> 8.14: ∆t = 0.0043��� îß�&ñ
ô�Ç �©�I�

//////////////////////+BSim_stability.cpp+//////////////////////

#include<iostream>

#include<cmath>

#include<vector>

#include<fstream>

#include<iomanip>

using namespace std;

#define PI 4.0*atan(1.0)

vector<double> linspace(int START,int END, int STEP)

{

vector<double> d;

double n = ((double)END - START) / (STEP-1);

for (int i=0; i < STEP; i++)

d.push_back(START+ n * i);

return d;

}

double normcdf(double X)

{

double L, K, w ;
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m_E=nE; m_L=nL; m_sigma=nsigma; m_r=nr; m_alpha=0.000005; m_T=nT;

m_Nx=nNx;

}

~BSim_stability(){};

void GetOptionPrice(void);

void WriteData(vector<double> S, vector<vector<double>>

CP,vector<vector<double>> CPP);

};

void BSim_stability::WriteData(vector<double> S, vector<vector<double>>

CP,vector<vector<double>> CPP)

{

ofstream output;

output.open("BSim_stability_x_Data.dat");

output<<fixed<<setprecision(4);

for (unsigned int i=0; i < S.size(); i++)

output<<setw(12)<<showpoint<<S[i];

output.clear();

output.close();

output.open("BSim_stability_u_Data.dat");

for(unsigned int n=0;n<CP[0].size();n++)

{

for (unsigned int i=0;i<CP.size();i++)

{

output<<setw(12)<<showpoint<<CP[i][n];

}

output<<endl;

}

output.clear();

output.close();

output.open("BSim_stability_exu_Data.dat");

for(unsigned int n=0;n<CPP[0].size();n++)

{

for (unsigned int i=0;i<CPP.size();i++)

{

output<<setw(12)<<showpoint<<CPP[i][n];

}
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b[m_Nx-3]=u[m_Nx-2][n]/m_k-c[m_Nx-3]*u[m_Nx-1][n+1];

for (int i=1; i<m_Nx-2;i++)

{

double xmult=a[i-1]/d[i-1];

d[i]=d[i]-xmult*c[i-1];

b[i]=b[i]-xmult*b[i-1];

}

u[m_Nx-2][n+1]=b[m_Nx-3]/d[m_Nx-3];

vector<double> d1(m_Nx),d2(m_Nx);

for (int i=m_Nx-4;i>=0; i--)

u[i+1][n+1]=(b[i]-c[i]*u[i+2][n+1])/d[i];

for(int i=0;i<m_Nx;i++)

{

d1[i]=(log(x[i]/m_E)+(m_r+pow(m_sigma,2)/2) * m_k*(n+1)) /

(m_sigma*sqrt(m_k*(n+1)));

d2[i]=d1[i]-m_sigma*sqrt(m_k*(n+1));

exu[i][n+1]=x[i]*normcdf(d1[i])-m_E*exp(-m_r*m_k*(n+1))*normcdf(d2[i]);

}

}

WriteData(x,u,exu);

}

int main()

{

BSim_stability im(100, 300, 0.5, 0.03, 1.0, 30);

im.GetOptionPrice();

return 0;

}

��6£§�Ér data��{9��̀¦ {9���H m-��{9�s���.

clc; clf; clear;

Nt=234;L=300;E=100;

x = load(’BSim_stability_x_Data.dat’);
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3.5 ÊÁ�]�Å]� Ycâ«çÃ

u(xi, t
n)��H Black-Scholes ~½Ó&ñ
d��_� &ñ
SX�ô�Ç K�\�¦ �����·p��. ��6£§�Ér &ñ
SX�ô�Ç

K�\�¦ Ãºu�l�ZO�\� @/{9��<ÊÜ¼�Ð+� "î
r�&h� Ä»ô�Ç	�ì�rZO�_� ²DG�è]X�éß��̧	�\�¦ ¹1Ô��H

õ�&ñ
s���. �̧×¼ (xi, t
n)\�"f ²DG�è]X�éß��̧	���H ��6£§õ� °ú s� ½̈ô�Ç��.

T (xi, t
n) =

u(xi, t
n+1) − u(xi, t

n)

k

−σ2x2
i

2

u(xi+1, t
n) − 2u(xi, t

n) + u(xi−1, t
n)

h2

−rxi
u(xi+1, t

n) − u(xi−1, t
n)

2h
+ ru(xi, t

n).

s�]j �̧×¼(xi, t
n)\�"f _�{9��Q���>h\�¦ 
���� y��y��_� �½Ó�̀¦ ��6£§õ� °ú s� ����è­q

Ãº e����.

T (xi, t
n) = ut(xi, t

n) +
k

2
utt(xi, t

n) + O(k2)

−σ2x2
i

2

[
uxx(xi, t

n) +
h2

12
uxxxx(xi, t

n) + O(h4)

]

−rxi

[
ux(xi, t

n) +
h2

3
uxxx(xi, t

n) + O(h4)

]
+ ru(xi, t

n).
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return d;

}

double normcdf(double X)

{

double L, K, w ;

double const a1 = 0.31938153, a2 = -0.356563782, a3 = 1.781477937,

a4 = -1.821255978, a5 = 1.330274429;

L = fabs(X);

K = 1.0 / (1.0 + 0.2316419 * L);

w = 1.0 - 1.0 / sqrt(2 * PI) * exp(-L *L / 2) *

(a1 * K + a2 * K *K + a3 * pow(K,3) + a4 * pow(K,4) + a5 * pow(K,5));

if (X < 0 ){

w= 1.0 - w;

}

return w;

}

vector<double> absolute(vector<vector<double>> S, vector<double> SS, int

nFirst, int nSecond)

{

vector<double> q;

for (int i=0; i < nFirst; i++) {

q.push_back(abs(S[i][nSecond-1] - SS[i]));

}

return q;

}

double sqrtsum(vector<double> S)

{

double q=0.0;

for (unsigned int i=0; i < S.size(); i++) {

q+=pow(S[i],2);

}

return q;

}

class BSex_convergence_test

{
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{

u[i][n+1] = u[i][n] + m_k*(((double)1/2)*pow(m_sigma, 2) * pow(x[i], 2)*

((u[i+1][n]-2.0*u[i][n]+u[i-1][n]) / pow(m_h,2)) +

m_r*x[i]* ((u[i+1][n]-u[i-1][n])/(2.0*m_h))-m_r*u[i][n]);

}

}

vector<double> d1(m_Nx),d2(m_Nx),exact(m_Nx);

for (int i=0; i<m_Nx; i++)

{

d1[i]=(log(x[i]/m_E)+(m_r+pow(m_sigma,2)/2)*m_k*m_Nt) /

(m_sigma*sqrt(m_k*m_Nt));

d2[i]=d1[i]-m_sigma*sqrt(m_k*m_Nt);

exact[i]=x[i]*normcdf(d1[i])-m_E*exp(-m_r*m_k*m_Nt)*normcdf(d2[i]);

}

hh[iter]=m_h;

tt[iter]=m_k;

vector<double> F(m_Nx);

double G;

F=absolute(u,exact,m_Nx,m_Nt+1);

G=sqrtsum(F);

err[iter]=sqrt(G/m_Nx);

}

cout<<fixed<<setprecision(6);

cout << "-----------------------------------------------------------" <<

endl;

cout <<setw(14)<<"h"<<setw(14)<<"dt"<<setw(14)<<"max_error"<<setw(14)

<<"order"<< endl;

cout << "-----------------------------------------------------------" <<

endl;

cout <<setw(14)<<hh[0]<<setw(14)<<tt[0]<<setw(14)<<err[0]<<setw(14) <<

endl;

for (int i=1; i<5;i++)

{
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+þA c+t�̀v���_� ������̀¦ ½̈
���H C++ �ï×¼s���. s� M:, �íl� �̧|	��Ér u(x, 0) =

max(0, x − E), T = 0.1, L = 400, h = 1/N , ∆t = h/500�̀¦ s�6 x
�%i�

��. C++�ï×¼BSex_convergence_test.cpp�̀¦z�́'��
������6£§_����õ�\�¦%3�

�̀¦ Ãº e����.

//////////////////////+BSim_convergence_test.cpp+//////////////////////

#include<iostream>

#include<cmath>

#include<vector>

#include<fstream>

#include<iomanip>

using namespace std;

#define PI 4.0*atan(1.0)

vector<double> linspace(int START,int END, int STEP)

{

vector<double> d;

double n = ((double)END - START) / (STEP-1);

for (int i=0; i < STEP; i++)

d.push_back(START+ n * i);

return d;

}

double normcdf(double X)

{

double L, K, w ;

double const a1 = 0.31938153, a2 = -0.356563782, a3 = 1.781477937,

a4 = -1.821255978, a5 = 1.330274429;

L = fabs(X);

K = 1.0 / (1.0 + 0.2316419 * L);

w = 1.0 - 1.0 / sqrt(2 * PI) * exp(-L *L / 2) *

(a1 * K + a2 * K *K + a3 * pow(K,3) + a4 * pow(K,4) + a5 * pow(K,5));

if (X < 0 ){

w= 1.0 - w;

}

return w;

}
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{

m_Nx=16*(int)pow(2.0,iter+1);

vector<double> x=linspace(0,m_L,m_Nx);

m_h=x[2]-x[1];

m_k=m_h/500;

m_Nt=floor(m_T/m_k+0.5);

vector<vector<double>> u(m_Nx,vector<double>(m_Nt+1));

for(int i=0;i<m_Nx;i++)

{

if (x[i]<=m_E)

u[i][0]=0;

else

u[i][0]=x[i]-m_E;

}

for (int n=1;n<m_Nt+1;n++)

u[m_Nx-1][n]=m_L-m_E*exp(-m_r*m_k*n);

vector<double> dd(m_Nx-2), c(m_Nx-2),a(m_Nx-2);

for (int i=0; i<m_Nx-2;i++)

{

dd[i]=1/m_k+pow(m_sigma*(i+1),2)+m_r;

c[i]=-m_r*(i+1)*0.5-pow(m_sigma*(i+1),2)*0.5;

a[i]=m_r*(i+2)*0.5-pow(m_sigma*(i+2),2)*0.5;

}

vector<double> b(m_Nx-2),d(m_Nx-2);

for (int n=0;n<m_Nt;n++)

{

d=dd;

for (int i=0; i<m_Nx-3;i++)

b[i]=u[i+1][n]/m_k;

b[m_Nx-3]=u[m_Nx-2][n]/m_k-c[m_Nx-3]*u[m_Nx-1][n+1];

for (int i=1; i<m_Nx-2;i++)

{

double xmult=a[i-1]/d[i-1];

d[i]=d[i]-xmult*c[i-1];

b[i]=b[i]-xmult*b[i-1];
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cout<<setw(10)<<hh[i]<<setw(14)<<tt[i]<<setw(14)<<err[i]<<setw(14) <<

log(err[i-1]/err[i])/log(2.0)<<setw(14)<<endl;

}

}

int main()

{

BSim_convergence_test im(100, 400, 0.5, 0.03, 0.1);

im.GetOptionPrice();

return 0;

}

ÕªaË> 8.19: �<Ê»¡¤&h� Ä»ô�Ç 	�ì�rZO�_� Ãº§4�$í
 _�Û¼àÔ

0A ���õ��Ð ÂÒ'� Black-Scholes ~½Ó&ñ
d��\� @/ô�Ç �<Ê»¡¤&h� Ä»ô�Ç	�ì�rZO�_� Ãº

§4��̧�� 1	�e���̀¦ ·ú�Ãº�� e����.

3.5.3 æ«�ßjæ« f�¦I·ÕM� ËÂø5�	�&P�ß��

Ä»�Qx���� c+t�̀v���~½Ó&ñ
d��_� ß¼Ï��ß¼ m�c+t��H Ä»ô�Ç 	�ì�rZO�_� Ãº§4�$í
�̀¦ ·ú����Ð

l� 0AK� ��6£§_� _�Û¼àÔ\�¦ Ãº'��K��Ð��. Áº0A+«>s���Ö�¦s� r = 0.03, ���1lx$í


s� σ = 0.5, �&³F�r�&h�s� t = 0, ëß�l� r�&h�s� T = 0.1, Õªo��¦ '���������s�

E = 100��� Ä»XO�+þAc+t�̀v���_�������̀¦ ½̈
���H C++�ï×¼s���. s�M:, �íl� �̧

|	��Ér u(x, 0) = max(0, x−E), T = 0.1, L = 400, h = 1/N , ∆t = h/500�̀¦ s�

6 x
�%i���. C++ �ï×¼BScn_convergence_test.cpp�̀¦ z�́'��
���� ��6£§_� ���

õ�\�¦ %3��̀¦ Ãº e����.
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q.push_back(abs(S[i][nSecond-1] - SS[i]));

}

return q;

}

double sqrtsum(vector<double> S)

{

double q=0.0;

for (unsigned int i=0; i < S.size(); i++) {

q+=pow(S[i],2);

}

return q;

}

class BScn_convergence_test

{

private:

int m_E, m_L,m_Nx, m_Nt ;

double m_sigma, m_r,m_T,m_h,m_k;

public:

BScn_convergence_test(int nE, int nL, double nsigma, double nr, double

nT) :

m_E(nE), m_L(nL), m_sigma(nsigma), m_r(nr), m_T(nT)

{}

~BScn_convergence_test(){};

void GetOptionPrice(void);

};

void BScn_convergence_test::GetOptionPrice()

{

vector<double> hh(5),tt(5),err(5);

for (int iter=0; iter<5;iter++)

{

m_Nx=16*(int)pow(2.0,iter+1);

vector<double> x=linspace(0,m_L,m_Nx);

m_h=x[2]-x[1];

m_k=m_h/500;
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u[i+1][n+1]=(b[i]-c[i]*u[i+2][n+1])/d[i];

}

}

vector<double> d1(m_Nx),d2(m_Nx),exact(m_Nx);

for (int i=0; i<m_Nx; i++)

{

d1[i]=(log(x[i]/m_E)+(m_r+pow(m_sigma,2)/2)*m_k*m_Nt) /

(m_sigma*sqrt(m_k*m_Nt));

d2[i]=d1[i]-m_sigma*sqrt(m_k*m_Nt);

exact[i]=x[i]*normcdf(d1[i])-m_E*exp(-m_r*m_k*m_Nt)*normcdf(d2[i]);

}

hh[iter]=m_h;

tt[iter]=m_k;

vector<double> F(m_Nx);

double G;

F=absolute(u,exact,m_Nx,m_Nt+1);

G=sqrtsum(F);

err[iter]=sqrt(G/m_Nx);

}

cout<<fixed<<setprecision(6);

cout << "-----------------------------------------------------------" <<

endl;

cout <<setw(10)<<"h"<<setw(14)<<"dt"<<setw(14)<<"max_error"<<setw(14) <<

"order"<< endl;

cout << "-----------------------------------------------------------" <<

endl;

cout <<setw(10)<<hh[0]<<setw(14)<<tt[0]<<setw(14)<<err[0]<<setw(14) <<

endl;

for (int i=1; i<5;i++)

{

cout<<setw(10)<<hh[i]<<setw(14)<<tt[i]<<setw(14)<<err[i]<<setw(14) <<

log(err[i-1]/err[i])/log(2.0)<<setw(14)<<endl;

}

}

int main()
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4.1 Greeks

�̂¦Ïþ�_�tÝ¼_� �̀v�����������&ñ
�̧+þA\�"f c+t�̀v���_� ��u� V��H ��6£§õ� °ú ��.

V = SN(d1) − Ee−rT N(d2) (8.34)

d1 =
ln( S

E ) +
(
r + 1

2σ2
)
T

σ
√

T

d2 =
ln( S

E ) +
(
r − 1

2σ2
)
T

σ
√

T
= d1 − σ

√
T

³ðï�r&ñ
½©¾º&h�ì�r�í�<ÊÃºü< p�ì�rd���Ér ��6£§õ� °ú s� &ñ
_��)a��.

N(d) =
1√
2π

∫ d

−∞
e−

x2

2 dx

N ′(d) =
1√
2π

e−
d2

2

Greeks

Delta (∆) ∂V
∂S = N(d1)

Gamma (Γ) ∂2V
∂S2 = N ′(d1)/(Sσ

√
T )

Theta (Θ) ∂V
∂t = −SσN ′(d1)/(2

√
T ) − rEe−rT N(d2)

Rho (ρ) ∂V
∂r = ETe−rT N(d2)

Vega ∂V
∂σ = S

√
TN ′(d1)

Greeks��H ú́� Õª@/�Ð Õªo�Û¼ ë�H��[þt�̀¦ ú́�ô�Ç��. y��y��_� Õªo�Û¼ ë�H����H

y��y��_� t�³ð_� ���1lx\� @/ô�Ç �̀v�����u�_� ���1lxq�Ö�¦, 7£¤ ���y���̧\�¦ _�p�ô�Ç��.

s�[þt Õªo�Û¼ë�H��[þt�Ér K�fç
õ� �'aº��
�#� �̀v���_� ÈÒ�� ���|ÄÌ\� B�Äº ×�æ¹כ
�

>� ��6 x�)a��. Greeks�Ér �̀v���_� �����\� @/ô�Ç K�$3�K��� e����H �â
Äº, y��y��_�

Greeks_� &ñ
_�\� ���� ½̈ô�Ç��. Õª�Q�� @/��Ãº_� s�Ò�o�̀v���õ� °ú s� �̀v�����

���_� K�$3�K�\�¦ ½̈½+É Ãº \O���H �â
Äº\���H Ãºu� l�ZO�\� _��>r
�#� Greeks_� ��H

��&h���� °ú̀�כ¦ ½̈K��� ô�Ç��.
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e�¦o��̧\�¦ 4�¤]j�íàÔe�¦o��̧���¦ ô�Ç��. Û�©�̀v���_� 4Sq����H �½Ó�©� 6£§_� °ú̀�כ¦ ��

�����. ����"f Áº0A+«> �íàÔe�¦o��̧\�¦ ½̈$í

�l� 0AK�, Û�©�̀v���_� �ít����õ� l�

�í��íß�_� �ít�����Ér 1lx{9�
�>� [O�&ñ
ô�Ç��.

Greeks_� Ãºu�K�\�¦ ½̈½+ÉM: ¼#�_��©� �<Ê»¡¤&h� Ä»ô�Ç	�ì�rZO��̀¦ ��6 x½+É����s	כ

7á§ �8 &ñ
SX�ô�Ç K�\�¦ ½̈
�l� 0AK�"f ß¼Ï��ß¼-m�c+t��H ~½ÓZO��̀¦ ��6 x½+É Ãº�̧ e��

��. BSim_delta.cpp��H Ãºu�K�ü< �̂¦Ïþ�-_�tÝ¼ K�$3�K�\�¦ s�6 xK� 4Sq��\�¦ ½̈
�

��H C++ �ï×¼s���.

//////////////////////+BSim_delta.cpp+//////////////////////

#include<iostream>

#include<cmath>

#include<vector>

#include<fstream>

#include<iomanip>

using namespace std;

#define PI 4.0*atan(1.0)

vector<double> linspace(int START,int END, int STEP)

{

vector<double> d;

double n = ((double)END - START) / (STEP-1);

for (int i=0; i < STEP; i++)

d.push_back(START+ n * i);

return d;

}

double normcdf(double X)

{

double L, K, w ;

double const a1 = 0.31938153, a2 = -0.356563782, a3 = 1.781477937,

a4 = -1.821255978, a5 = 1.330274429;

L = fabs(X);

K = 1.0 / (1.0 + 0.2316419 * L);

w = 1.0 - 1.0 / sqrt(2 * PI) * exp(-L *L / 2) *

(a1 * K + a2 * K *K + a3 * pow(K,3) + a4 * pow(K,4) + a5 * pow(K,5));

if (X < 0 ){

w= 1.0 - w;

}
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output.open("BSim_delta_uu_Data.dat");

for (unsigned int i=0;i<CPP.size();i++)

output<<setw(12)<<showpoint<<CPP[i];

output.clear();

output.close();

}

void BSim_delta::Get_Delta()

{

m_k=m_T/m_Nt;

vector<double> x=linspace(0,m_L, m_Nx);

m_h=x[1]-x[0];

vector<double> v;

for(int i=0; i<m_Nx;i++)

{

if (x[i]<=m_E)

v.push_back(0);

else

v.push_back(x[i]-m_E);

}

vector<double> dd(m_Nx-2),c(m_Nx-2),a(m_Nx-3),d(m_Nx),b(m_Nx);

for(int i=0;i<m_Nx-2;i++)

{

dd[i]=1/m_k+pow(m_sigma*(i+1),2)+m_r;

c[i]=-m_r*(i+1)/2-pow(m_sigma*(i+1),2)/2;

}

for(int i=0;i<m_Nx-3;i++)

a[i]=m_r*(i+2)/2-pow(m_sigma*(i+2),2)/2;

for(int n=0;n<m_Nt;n++)

{

d=dd;

for(int i=0;i<m_Nx-3;i++)

b[i]=v[i+1]/m_k;

v[m_Nx-1]=m_L-m_E*exp(-m_r*m_k*n);

b[m_Nx-3]=v[m_Nx-2]/m_k-c[m_Nx-3]*v[m_Nx-1];

for(int i=1;i<m_Nx-2;i++)
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Delta2 = load(’BSim_delta_uu_Data.dat’);

hold on

plot(x(2:Nx-1),Delta,’k*-’);

plot(x,Delta2,’ko-’); grid on

hold off

xlabel(’Underlying Asset’,’fontsize’,20)

ylabel(’Delta’,’fontsize’,20)

legend(’FDM’,’Exact’,4)

set(gca,’fontsize’,20)

ÕªaË> 8.21�Ér C++ �ï×¼ BSim_delta.cpp\�¦ z�́'��ô�Ç ���õ�s���. Ãºu�K�

$3�\� _�ô�Ç 4Sq��ü< K�$3�K�\� _�ô�Ç 4Sq���� B�Äº q�5pw�<Ê�̀¦ ·ú� Ãº e����.
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ÕªaË> 8.21: Ä»ô�Ç	�ì�rZO�õ� K�$3�K��̀¦ s�6 x
�#� ½̈ô�Ç 4Sq��
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{

double L, K, w ;

double const a1 = 0.31938153, a2 = -0.356563782, a3 = 1.781477937

, a4 = -1.821255978, a5 = 1.330274429;

L = fabs(X);

K = 1.0 / (1.0 + 0.2316419 * L);

w = 1.0 - 1.0 / sqrt(2 * PI) * exp(-L *L / 2) *

(a1 * K + a2 * K *K + a3 * pow(K,3) + a4 * pow(K,4) + a5 * pow(K,5));

if (X < 0 ){

w= 1.0 - w;

}

return w;

}

class BSim_gamma

{

private:

int m_E, m_L,m_Nx, m_Nt ;

double m_sigma, m_r,m_T,m_h,m_k;

public:

BSim_gamma(int nE, int nL, double nsigma, double nr, double nT, int nNx,

int nNt) :

m_E(nE), m_L(nL), m_sigma(nsigma), m_r(nr), m_T(nT), m_Nx(nNx),

m_Nt(nNt)

{}

~BSim_gamma(){};

void WriteData(vector<double> S, vector<double> CP,vector<double>

CPP);

void Get_gamma(void);

};

void BSim_gamma::WriteData(vector<double> S, vector<double>

CP,vector<double> CPP)

{

ofstream output;

output.open("BSim_gamma_x_Data.dat");
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a.push_back(m_r*(i+2)/2-pow(m_sigma*(i+2),2)/2);

for(int n=0;n<m_Nt;n++)

{

d=dd;

for(int i=0;i<m_Nx-3;i++)

b[i]=v[i+1]/m_k;

v[m_Nx-1]=m_L-m_E*exp(-m_r*m_k*(n+1));

b[m_Nx-3]=v[m_Nx-2]/m_k-c[m_Nx-3]*v[m_Nx-1];

for(int i=1;i<m_Nx-2;i++)

{

double xmult=a[i-1]/d[i-1];

d[i]=d[i]-xmult*c[i-1];

b[i]=b[i]-xmult*b[i-1];

}

v[m_Nx-2]=b[m_Nx-3]/d[m_Nx-3];

for(int i=m_Nx-4;i>=0;i--)

{

v[i+1]=(b[i]-c[i]*v[i+2])/d[i];

}

}

vector<double> Gamma1,Gamma2;

Gamma1.push_back(0);

for(int i=1; i<m_Nx-1;i++)

Gamma1.push_back((v[i+1]-2*v[i]+v[i-1])/pow(m_h,2));

for(int i=0; i<m_Nx;i++)

{

double d=(log(x[i]/m_E)+(m_r+pow(m_sigma,2)/2)*m_T)/(m_sigma*sqrt(m_T));

Gamma2.push_back((exp(-0.5*pow(d,2)))/(x[i]*m_sigma*sqrt(2*PI*m_T)));

}

Gamma2[0]=0;

WriteData(x,Gamma1,Gamma2);

}

int main()

{

BSim_gamma gamma(230, 800,0.5,0.03,1.0,50, 100);

gamma.Get_gamma();
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ÕªaË> 8.22: Ä»ô�Ç	�ì�rZO��̀¦ s�6 x
�#� ½̈ô�Ç y����

#include<vector>

#include<fstream>

#include<iomanip>

using namespace std;

#define PI 4.0*atan(1.0)

double normcdf(double X)

{

double L, K, w ;

double const a1 = 0.31938153, a2 = -0.356563782, a3 = 1.781477937

, a4 = -1.821255978, a5 = 1.330274429;

L = fabs(X);

K = 1.0 / (1.0 + 0.2316419 * L);

w = 1.0 - 1.0 / sqrt(2 * PI) * exp(-L *L / 2) *

(a1 * K + a2 * K *K + a3 * pow(K,3) + a4 * pow(K,4) + a5 * pow(K,5));
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output.open("BSim_theta_x_Data.dat");

output<<fixed<<setprecision(4);

for (unsigned int i=0; i < S.size(); i++)

output<<setw(14)<<showpoint<<S[i];

output.clear();

output.close();

output.open("BSim_theta_u_Data.dat");

for (unsigned int i=0;i<CP.size();i++)

output<<setw(14)<<showpoint<<CP[i];

output.clear();

output.close();

output.open("BSim_theta_uu_Data.dat");

for (unsigned int i=0;i<CPP.size();i++)

output<<setw(14)<<showpoint<<CPP[i];

output.clear();

output.close();

}

void BSim_theta::Get_theta()

{

m_k=m_T/m_Nt;

vector<double> x=linspace(0,m_L, m_Nx);

m_h=x[1]-x[0];

vector<double> v,ov;

for(int i=0; i<m_Nx;i++)

{

if (x[i]<=m_E)

v.push_back(0);

else

v.push_back(x[i]-m_E);

}

vector<double> dd(m_Nx-2),c(m_Nx-2),a(m_Nx-3),d(m_Nx),b(m_Nx);

for(int i=0;i<m_Nx-2;i++)

{

dd[i]=1/m_k+pow(m_sigma*(i+1),2)+m_r;

c[i]=-m_r*(i+1)/2-pow(m_sigma*(i+1),2)/2;

}
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}

WriteData(x,theta1,theta2);

}

int main()

{

BSim_theta theta(230, 800,0.5,0.03,1.0,50, 100);

theta.Get_theta();

}

��6£§�Ér data ��{9��̀¦ {9���H m-��{9�s���.

clc; clf; clear;

x = load(’BSim_theta_x_Data.dat’);

theta1 = load(’BSim_theta_u_Data.dat’);

theta2 = load(’BSim_theta_uu_Data.dat’);

hold on

plot(x, theta1,’k*-’)

plot(x, theta2,’ko-’);

hold off

grid on

xlabel(’Underlying Asset’,’fontsize’,20)

ylabel(’Theta’,’fontsize’,20)

legend(’FDM’,’Exact’,4)

set(gca,’fontsize’,20)

ÕªaË> 8.23�Ér C++�ï×¼\�¦z�́'��ô�Ç���õ�s���. Ä»ô�Ç	�ì�rZO�\�_�ô�Ç[j��ü<

K�$3�K�\� _�ô�Ç [j����H q�5pw�<Ê�̀¦ ·ú� Ãº e��Ü¼ 9 '��������� ��H%�\�"f /åL����<Ê�̀¦

SX����½+É Ãº e����.

4.1.4 �×ËÁ(ρ)

�ÐÄº(ρ)��H Áº0A+«>s���Ö�¦ r_� ����o\� ���Ér �̀v��������_� ����oÖ�¦�̀¦ _�p�ô�Ç��.

�ÐÄº��H �̀v���_� ��u� V\�¦ Áº0A+«>s���Ö�¦ r\� @/K� ¼#�p�ì�rK�"f %3���H��.
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{

vector<double> d;

double n = ((double)END - START) / (STEP-1);

for (int i=0; i < STEP; i++)

d.push_back(START+ n * i);

return d;

}

double normcdf(double X)

{

double L, K, w ;

double const a1 = 0.31938153, a2 = -0.356563782, a3 = 1.781477937

, a4 = -1.821255978, a5 = 1.330274429;

L = fabs(X);

K = 1.0 / (1.0 + 0.2316419 * L);

w = 1.0 - 1.0 / sqrt(2 * PI) * exp(-L *L / 2) *

(a1 * K + a2 * K *K + a3 * pow(K,3) + a4 * pow(K,4) + a5 * pow(K,5));

if (X < 0 ){

w= 1.0 - w;

}

return w;

}

class BSim_rho

{

private:

int m_E, m_L,m_Nx, m_Nt ;

double m_sigma,m_T,m_h,m_k;

vector<double> m_r;

public:

BSim_rho(int nE, int nL, double nsigma, vector<double>nr, double nT, int

nNx, int nNt) :

m_E(nE), m_L(nL), m_sigma(nsigma), m_T(nT), m_Nx(nNx),m_r(nr),m_Nt(nNt)

{}

~BSim_rho(){};
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{

if (x[i]<=m_E)

v[i]=0;

else

v[i]=x[i]-m_E;

}

vector<double> dd(m_Nx-2),c(m_Nx-2),a(m_Nx-3),d(m_Nx),b(m_Nx);

for(int i=0;i<m_Nx-2;i++)

{

dd[i]=1/m_k+pow(m_sigma*(i+1),2)+m_r[j];

c[i]=-m_r[j]*(i+1)/2-pow(m_sigma*(i+1),2)/2;

}

for(int i=0;i<m_Nx-3;i++)

a[i]=m_r[j]*(i+2)/2-pow(m_sigma*(i+2),2)/2;

for(int n=0;n<m_Nt;n++)

{

d=dd;

for(int i=0;i<m_Nx-3;i++)

b[i]=v[i+1]/m_k;

v[m_Nx-1]=m_L-m_E*exp(-m_r[j]*m_k*n);

b[m_Nx-3]=v[m_Nx-2]/m_k-c[m_Nx-3]*v[m_Nx-1];

for(int i=1;i<m_Nx-2;i++)

{

double xmult=a[i-1]/d[i-1];

d[i]=d[i]-xmult*c[i-1];

b[i]=b[i]-xmult*b[i-1];

}

v[m_Nx-2]=b[m_Nx-3]/d[m_Nx-3];

for(int i=m_Nx-4;i>=0;i--)

{

v[i+1]=(b[i]-c[i]*v[i+2])/d[i];

}

}

if (j==0)

v0=v;

else
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plot(x,Rho,’k*-’); hold on

plot(x,Rho2,’ko-’); grid on

xlabel(’Underlying Asset’,’fontsize’,20)

ylabel(’Rho’,’fontsize’,20)

legend(’FDM’,’Exact’,4)

set(gca,’fontsize’,20)

ÕªaË> 8.24�Ér C++�ï×¼\�¦z�́'��ô�Ç���õ�s���. Ä»ô�Ç	�ì�rZO�\�_�ô�Ç�ÐÄºü<

K�$3�K�\� _�ô�Ç �ÐÄº��H q�5pw�<Ê�̀¦ ·ú� Ãº e��Ü¼ 9 '��������� ��H%�\�"f /åL����<Ê�̀¦

SX����½+É Ãº e����.

0 200 400 600 800
0

50

100

150

200

250

Underlying Asset

R
ho

 

 

FDM
Exact

ÕªaË> 8.24: �<Ê»¡¤&h� Ä»ô�Ç	�ì�rZO��̀¦ s�6 x
�#� ½̈ô�Ç �ÐÄº

4.1.5 Sc��(V ega)

Z�����H ���1lx$í
 σ\� @/ô�Ç �̀v��������_� ����oÖ�¦�̀¦ _�p�ô�Ç��. Z�����H Õªo�Û¼ë�H
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}

return w;

}

vector<double> max(vector<double> S,double E)

{

vector<double> u;

for(unsigned int i=0;i<S.size();i++)

u.push_back(max(S[i]-E,0.0));

return u;

}

class BSim_vega

{

private:

int m_E, m_L,m_Nx, m_Nt ;

double m_r,m_T,m_h,m_k;

vector<double> m_sigma;

public:

BSim_vega(int nE, int nL, vector<double> nsigma, double nr, double nT,

int nNx, int nNt) :

m_E(nE), m_L(nL), m_sigma(nsigma), m_T(nT), m_Nx(nNx),m_r(nr),m_Nt(nNt)

{}

~BSim_vega(){};

void WriteData(vector<double> S, vector<double> CP,vector<double>

CPP);

void Get_vega(void);

};

void BSim_vega::WriteData(vector<double> S, vector<double>

CP,vector<double> CPP)

{

ofstream output;

output.open("BSim_vega_x_Data.dat");

output<<fixed<<setprecision(4);

for (unsigned int i=0; i < S.size(); i++)

output<<setw(14)<<showpoint<<S[i];

output.clear();

output.close();
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{

double xmult=a[i-1]/d[i-1];

d[i]=d[i]-xmult*c[i-1];

b[i]=b[i]-xmult*b[i-1];

}

v[m_Nx-2]=b[m_Nx-3]/d[m_Nx-3];

for(int i=m_Nx-4;i>=0;i--)

{

v[i+1]=(b[i]-c[i]*v[i+2])/d[i];

}

}

if (j==0)

v0=v;

else

v1=v;

}

vector<double> vega1;

for(int i=0; i<m_Nx;i++) {

vega1.push_back((v1[i]-v0[i])/(m_sigma[1]-m_sigma[0]));

}

vector<double> vega2;

for(int i=0; i<m_Nx;i++)

{

double sigma=(m_sigma[1]+m_sigma[0])/2;

double d1=(log(x[i]/m_E)+(m_r+pow(sigma,2)/2)*m_T)/(sigma*sqrt(m_T));

vega2.push_back(x[i]*sqrt(m_T)*exp(-0.5*pow(d1,2))/sqrt(2*PI));

}

WriteData(x,vega1,vega2);

}

int main()

{

vector<double> vsigma;

vsigma.push_back(0.4);

vsigma.push_back(0.5);

BSim_vega vega(230,800,vsigma,0.03,1.0,50,100);
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ÕªaË> 8.25: �<Ê»¡¤&h� Ä»ô�Ç	�ì�rZO��̀¦ s�6 x
�#� ½̈ô�Ç Z���



V� 9 *�×

Tree��~Ê�Úr
Ça��¿ÌfC

(Tree Pricing Model)

�̂¦Ïþ�-_�tÝ¼_� �̀v�����������&ñ
�̧+þA�Érl��í��íß�_����������o�����5Åq&h����°ú̀�כ¦°ú�

��H���¦ ��&ñ

�#� �̀v���_� ������̀¦ �̧Ø�¦ô�Ç��. s� �̧+þA�̀¦ Û�¦l� 0AK�"f��H SX�Ò�¦

K�$3��<Æõ� ¼#�p�ì�r~½Ó&ñ
d�� 1px�̀¦ q�2�©ô�Ç �©�{©�ô�Ç Ãº�<Æ&h� t�d��s� .��a(�̈½¹כ s�

\� q�K� s�íß��̧+þA�Ér l��í��íß�_� ���������o�� s�íß�&h���� °ú̀�כ¦ °ú���H���¦ ��&ñ



��¦ �̀v���_� ������̀¦ �̧Ø�¦ô�Ç��. s� ×�æ\�"f Tree �̧+þA�Ér l��í��íß�_� �����s�

�©�5px
�����
�|ÃÌ
���H¿º��t�°úכëß��̀¦°ú���H�©�S!�\�"f �̀v���_���u�\�¦ ½̈ô�Ç��.

Tree �̧+þA�Ér �̂¦Ïþ�-_�tÝ¼_� �̧+þA\� q�K� Ãº�<Æ&h�Ü¼�Ð �8 ~1�>� ]X���H½+É Ãº e����.

Õª ×�æ\�"f s��½Ó�̧+þA�Ér 1979�̧�\� Cox, Ross Õªo��¦ Rubinsteins� �̀v���_� ��

����̀¦���&ñ

�l�0AK�>hµ1Ïô�Ç �̧+þAÜ¼�Ð0A+«>×�æwn���u�î̈
��"é¶o�\�¦&h�6 x
�#� �̀v

���_� ������̀¦ íß�&ñ
ô�Ç��.

V� 1 â�
 l�/�×£�¹¤�>��~Ê�Úr
Ça��¿ÌfC�+ ��Ça�

s��½Ó�̀v�����������&ñ
�̧+þA(s�Êê s��½Ó�̧+þA)�Ér ��6£§õ� °ú �Ér ��&ñ
[þt�ÐÂÒ'� �̧Ø�¦

�)a��.

(1) µì�¦�>��Ôeµk�*�×��Ça�: ���:rr��©�\�"f	�e����A�_�l��r���>rF�
�t�·ú§Ü¼ 9,

247
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Ãº S�� l�ú́�\� Su�� ÷&���� Sd�� ÷&��Ht�_� #�ÂÒ\� ���� l��í ��íß�_� �̀v���

��u� fü< l�ú́�_� �̀v��� ��u� fuü< fd��H ÕªaË> 9.2ü< °ú s� ����è­q Ãº e����.

fu =Max[0, Su − E]

f

44iiiiiiiiiiiiiiiiiiiiiii

**UUUUUUUUUUUUUUUUUUUUUUU

fd =Max[0, Sd − E]

ÕªaË> 9.2: 1l�çß� s��½Ó�̧+þA-�̀v���

�̂¦Ïþ�-_�tÝ¼�̧+þA\�"f s�6 xô�Ç Covered call option strategy 7£¤, c+t�̀v���B��̧ü<

ÅÒd��B�Ãº\�¦ &h�]X�y� �̧½+Ë
���� Áº0A+«>�íàÔe�¦o��̧\�¦ ½̈$í
½+É Ãº e������H �7Ho�

\�¦ Õª@/�Ð s�6 x
�#� c+t�̀v����̀¦ 1>h B��̧
��¦ ÅÒd���̀¦ ∆>h B�{9�
���H Áº0A+«>

�íàÔe�¦o��̧\�¦ ½̈$í
K��Ð��. ÈÒ������H c+t�̀v���B��̧�ÐÂÒ'� ~ÃÎ�Ér �̀v���áÔo�p�

%3�õ� �Ér'��@/Ø�¦�Ð ~ÃÎ�Ér �FKÓ�oÜ¼�Ð ÅÒd���̀¦ ½̈{9�ô�Ç��. ÕªaË> 9.3��H Áº0A+«> �íàÔ

e�¦o��̧_� ��u�\�¦ �����·p �.���s	כ Áº0A+«> �íàÔe�¦o��̧��H l��í��íß�_� �����s�

Su∆ − fu

∆S − f

55jjjjjjjjjjjjjjjjjj

))TTTTTTTTTTTTTTTTTT

Sd∆ − fd

ÕªaË> 9.3: 1l�çß� s��½Ó�̧+þA_� �íàÔe�¦o��̧_� ��u�

�̧ØÔ����, ?/o����� 1lx{9�ô�Ç Ãºe���̀¦ �Ð�©�K�ÅÒ#Q�� 
�Ù¼�Ð ��A�_� d��s� $í
wn�

ô�Ç��.

Su∆ − fu = Sd∆ − fd

∆\�¦ ½̈K��Ð���

∆ =
fu − fd

Su − Sd

(
≈ ∂f

∂S

)
(9.1)
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\�¦ SX�Ò�¦s����¦ 
����, s���H risk-neutral probability measure�Ð r��©�_� _�|
�

s� Áºr��)a °úכs�Ù¼�Ð, Q��H pü< "f�Ð ���Ér >h¥Æ���� �.���s	כ ÕªXO������, Q�� �=

risk-neutral probability measure���t� ·ú����Ð��.

0A d���̀¦ &ñ
o�
���� �̀v���_� ��u� f��H

f = e−rT (Qfu + (1 − Q)fd)

s���. l�ú́�ÅÒ�� ST_� l�@/°ú̀�כ¦ SX�Ò�¦8£¤�̧ Q�̀¦ s�6 x
�#� �̧Ø�¦K� �Ð��.

E(ST ) = QSu + (1 − Q)Sd = QS(u − d) + Sd

=
erT − d

u − d
S(u − d) + Sd = SerT

0A_�d���ÉrSX�Ò�¦8£¤�̧ Q\�¦��6 x½+É�â
ÄºÅÒ����HÁº0A+«>s���Ö�¦ëß��pu_�q�Ö�¦

�Ð 7£x��K�çß�����H �¦̀�	כ �Ð#�ï�r��. 7£¤, SX�Ò�¦8£¤�̧ Q\�¦ s�6 x
�#� ÅÒ��\�¦ >�íß�


���H ��s	כ ���Ð 0A+«>×�æwn��̀¦ ��&ñ

���H �¦e���̀	כ �Ð#�ï�r��. 0A\�"f >�íß�ô�Ç �̀v

���_���u� f�̧ �̀v���_���u���0A+«>×�æwn���&ñ

�\�"fp�A�_�l�@/Ãºe���̀¦Áº0A

+«>s���Ö�¦�Ð½+É���ô�Ç�&³F���u�s���. ����"f, Q\�¦0A+«>×�æwn�SX�Ò�¦(Risk Neutral

Probability)s����¦ ÂÒ�Ér��.

UdV�

�&³F� KOSPI200t�Ãº�� 100s��¦, 1l�çß� Êê_� KOSPI200t�Ãº�� 130s���

80s� �)a���¦ ��&ñ
K��Ð��. 1l�çß� Êê\� C�{©�s� \O���H KOSPI200�̀¦ 100\�

B�{9�½+É Ãº e����H Ä»XO�+þA c+t�̀v���_� ������̀¦ ½̈K��Ð��.

���$�, ë�H]j\�¦ ��6£§õ� °ú �Ér ÕªaË>Ü¼�Ð ³ð�&³K��Ð��.

s��Qô�Ç KOSPI200�̀¦ l��í��íß�Ü¼�Ð 
���H c+t�̀v���_� s��:r����� f\�¦ ½̈
�l� 0A


�#� c+t�̀v��� 1>�����̀¦ B��̧
��¦ ∆ëß��pu ÅÒd���̀¦ B�{9�
�#� Áº0A+«> �íàÔe�¦o��̧

\�¦ ëß�[þt#Q�Ð��.

0A_�Áº0A+«>�íàÔe�¦o��̧��H KOSPI200t�Ãº_��©�5px ¢̧��H
�|ÃÌ\��'a>�\O�s�{9�

&ñ
ô�Ç ��u�\�¦ °ú�>� ÷&Ù¼�Ð KOSPI200t�Ãº_� ¿º ��t� ¹¡§f��e��\� �©��'a\O�s� �í
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���_� ����� f�� ��6£§õ� °ú s� ½̈K������.

100 × 3

5
− f = 43.4322

f = 16.5678

����"f, &h�&ñ
ô�Ç c+t�̀v���_� ����� f��H 16.5678s� �)a��.

s�]j, 0A_� \V]j\�¦ C++ Ü¼�Ð ½̈�&³K��Ð��.

//////////////////////+binomial_1time.cpp+//////////////////////

#include<iostream>

#include<cmath>

#include<vector>

using namespace std;

vector<double> max(vector<double> S,double E)

{

vector<double> u;

for(unsigned int i=0;i<S.size();i++)

u.push_back(max(S[i]-E,0.0));

return u;

}

class binomial_1time

{

private:

int m_S,m_E;

double m_r,m_T;

vector<double> m_St;

public:

binomial_1time(int nE, int nS,double nr, double nT,vector<double> nSt)

:

m_E(nE), m_S(nS),m_r(nr), m_T(nT),m_St(nSt)

{}

~binomial_1time(){};

void Get_Callprice(void);

};
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×�æwn�&h� ��u�î̈
������H ��Ér	כ ëß�l�_� �̀v�����u�_� l�@/°úכ pfu + (1− p)fd�̀¦ 0A

+«>×�æwn�&h� r��©�\�"f l�@/�&³�FKâì2£§�̀¦ Áº0A+«>s���Ö�¦�Ð ½+É����<Ê�̀¦ _�p�
���H �	כ

s���.

UdV�

·ú¡_� \V]j\�¦ S = 100, E = 100, u = 1.3, d = 0.8, r = 10% {9�M:,

0A+«>×�æwn�&h� ��u�î̈
��~½Ód��\� ���� ��r� Û�¦#Q�Ðl��Ð 
���.

���$� KOSPI200t�Ãº_� �©�5pxSX�Ò�¦ p\�¦ ½̈K��Ð��.

p =
e0.1 − 0.8

1.3 − 0.8
= 0.6103

����"f, l�çß� ú́�\� �̀v���_� ��u��� 30s� |̈c SX�Ò�¦�̀¦ 0.6103s��¦, 0s� |̈c SX�Ò�¦

�Ér 0.3897s� �)a��. Õª�QÙ¼�Ð �̀v���_� l�@/��u���H

0.6103 × 30 + 0.3897 × 0 = 18.3103

s� ÷&�¦, s�\�¦ Áº0A+«>s���Ö�¦ 10%�Ð ½+É���
���� ��6£§_� �̀v���������̀¦ %3��̀¦ Ãº

e����.

18.3103 × e−0.1 = 16.5678

s�]j, 0A_� \V]j\�¦ C++ Ü¼�Ð ½̈�&³K��Ð��.

//////////////////////+binomial_1time2.cpp+//////////////////////

#include<iostream>

#include<cmath>

#include<vector>

using namespace std;

class binomial_1time2

{

private:

int m_S,m_E,m_N;

double m_r,m_T,m_u,m_d,m_p;
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ÕªaË> 9.5: 1l�çß� s��½Ó �̧+þA-1

V� 3 â�
 ��e�ë5Ñ �¿ÌfC

·ú¡ ]X�\�"f ¶ú�(R�:r 1l�çß� s��½Ó�̧+þA�Ér ��l�çß� s��½Ó�̧+þAÜ¼�Ð SX��©�½+É Ãº e����.

���$� 2l�çß� s��½Ó�̧+þA�̀¦ ¶ú�(R�Ð��.

3.1 2e�ë5Ñ �¿ÌfC

Suu

Su

77ooooooooooooo

''OOOOOOOOOOOOO

S

88ppppppppppppp

&&NNNNNNNNNNNNN Sud

Sd

77ooooooooooooo

''OOOOOOOOOOOOO

Sdd

ÕªaË> 9.6: 2l�çß� s��½Ó�̧+þA-ÅÒd��

�&³F�_� ÅÒ��t�Ãº��H Ss� 9 1l�çß����� ÅÒ��t�Ãº��H Õª ���l�_� ÅÒ��t�Ãº

\� u\�¦ Y�Lô�Ç ëß��pu �©�5px
�����, d\�¦ Y�Lô�Ç ëß��pu 
�|ÃÌô�Ç���� ��&ñ

���. Õª�Q

Ù¼�Ð 1l�çß�s� t�èß� �â
Äº ÅÒ��t�Ãº��H Su�Ð �©�5px
����� Sd�Ð 
�|ÃÌô�Ç���¦ ��

&ñ

���� 1l�çß�s� �â
õ�ô�Ç Êê ÅÒ��t�Ãº��H Suü< Sd\� y��y�� u\�¦ Y�Lô�Çëß��pu �©�5px


����� d\�¦ Y�Lô�Çëß��pu
�|ÃÌ
�>��)a��. 2l�\�"fÅÒ��t�Ãº��H Suu, Sud ¢̧��H
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�̀¦ %3�>��)a��.

UdV�

·ú¡_� \V]j\�¦ 2l�çß� s��½Ó�̧+þAÜ¼�Ð SX��©�r�&� Òqty��K��Ð��.

�&³F� 100��� KOSPI200t�Ãº��H y�� l�çß����� 30% �©�5px ¢̧��H 20%


�|ÃÌô�Ç���¦��&ñ

���. 2l�çß�ÊêKOSPI200t�Ãº\�¦ 100\�B�{9�½+ÉÃºe����H

Ä»XO�+þA c+t�̀v���_� ������̀¦ ½̈K��Ð��.

2l�çß� 1lxîß� KOSPI200t�Ãºü< �̀v���������̀¦��A�_�ÕªaË>õ� °ú s� ³ð�&³½+ÉÃº e��

��.

KOSPI200= 169
�̀v��������= 69

KOSPI200= 130
�̀v��������= fu

66mmmmmmmmmmmmmmmmm

((QQQQQQQQQQQQQQQQQ

KOSPI200= 100
�̀v��������= f

66mmmmmmmmmmmmm

((QQQQQQQQQQQQQ

KOSPI200= 104
�̀v��������= 4

KOSPI200= 80
�̀v��������= fd

66mmmmmmmmmmmmmmmmm

((QQQQQQQQQQQQQQQQQ

KOSPI200= 64
�̀v��������= 0

y��l�çß����� 30%_��©�5pxq�Ö�¦ ¢̧��H 20%_�
�|ÃÌq�Ö�¦�̀¦��t��¦e��Ü¼Ù¼�Ð,

KOSPI200t�Ãº��H 1l�çß� ú́�\� 130 ¢̧��H 80s�÷&�¦, 2l�çß�ú́�\���H 169, 104, 64s�

|̈c�.���s	כ 0A+«>×�æwn�&h���u�î̈
���̧+þA�̀¦&h�6 x
�l�0AK�y��l�çß�Z>�KOSPI200t�
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return u;

}

class binomial_2time

{

private:

int m_S,m_E,m_N;

double m_r,m_T,m_p,m_dt,m_u,m_d;

public:

binomial_2time(int nE, int nS,int nN,double nr, double nT,double

nu,double nd) :

m_E(nE), m_S(nS),m_r(nr), m_T(nT),m_u(nu),m_d(nd),m_N(2)

{}

~binomial_2time(){};

void Get_Callprice(void);

};

void binomial_2time::Get_Callprice()

{

m_dt=m_T/m_N;

m_p=(exp(m_r*m_dt)-m_d)/(m_u-m_d);

vector<vector<double>> m_St(m_N+1,vector<double>(m_N+1));

m_St[0][0]=m_S;

for(int j=1;j<m_N+1;j++)

{

for(int i=0;i<=j;i++)

{

m_St[i][j]=m_S*pow(m_u,(j-i))*pow(m_d,i);

}

}

vector<vector<double>> call(m_N+1,vector<double>(m_N+1));

for (int i=0;i<m_N+1;i++)

{

call[i][m_N]=max(m_St[i][m_N]-m_E,0.0);

}

for(int j=m_N-1;j>=0;j--)

{
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0 1 2 3 4 5 6

initial point expirationtime(j)

state
(i)

∆t

St(1, 1)

St(1, 2)

St(2, 2)

St(1, 3)

St(2, 3)

St(3, 3)

u6S

u5dS

u4d2S

u3d3S

u2d4S

ud5S

d6S

S

ÕªaË> 9.9: s��½Ó�̀v���

����"f ∆tl�çß�ú́�_� ÅÒ��_� l�@/°úכ�Ér Ser∆ts�Ù¼�Ð ��6£§_� d��s� $í
wn�ô�Ç��.

Ser∆t = pSu + (1 − p)Sd

er∆t = pu + (1 − p)d

ÅÒ���� �½� ü�0>ß¼\�¦ ���Ér����H ��&ñ

�\� ��ÅÒ Âúª�Ér r�çß� ∆t1lxîß� ÅÒ������oÖ�¦

_� ì�ríß��Ér σ2∆ts���. Õª�Q��� ì�ríß�_� &ñ
_�\� ����,

σ2∆t = pu2 + (1 − p)d2 − [pu + (1 − p)d]2

�� $í
wn�ô�Ç��. 0A_� /BNd���Ér çß�éß�ô�Ç @/Ãº&h� �̧����̀¦ ��5g ��A�_� d��s� �)a��.

σ2∆t = er∆t(u + d) − ud − e2r∆t (9.6)

#�l�\� Coxü< Ross, Rubinstein�Ér ��6£§õ� °ú �Ér ��&ñ
�̀¦ ]jr�Ùþ¡��.

u =
1

d

u = 1/ds�Ù¼�Ð Sud = S�� �)a��. s���H ÅÒ���� �©�5pxô�Ç Êê\� 
�|ÃÌô�Ç ������Ér

�íl�_�ÅÒ��ü<°ú ����H�.���s	כ s���&ñ
�Érs��½Ó Tree_�F��̧½+Ë(Recombining)�̀¦
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s��©�\�"f��ê�rs��½Ó�̀v����̧+þA\�"f��H �̀v���_������s�ÅÒ��_��©�5pxSX�Ò�¦s�

��
�|ÃÌSX�Ò�¦õ���HÁº�'a
�>����&ñ
�)a��. �̧f��	�e����A�_�l��r���>rF�
�t�·ú§

��H����H ��&ñ
ëß�s� 9 �
¹כ��9 ÅÒ��_� �©�5px x9� 
�|ÃÌSX�Ò�¦\� @/ô�Ç &ñ
�Ð��H 
¹כ��9�

t�·ú§��. ����"fÈÒ����[þts�ÅÒ���©�5pxC�Ãº��ÅÒ��
�|ÃÌC�Ãº,Õªo��¦Áº0A+«>

s���Ö�¦\� @/K� 1lx|9�&h���� l�@/\�¦ °ú���H����� ÅÒ��_� �©�5px x9� 
�|ÃÌSX�Ò�¦\� @/K�

"f�Ð ���Ér l�@/\�¦ 
��8���̧ �̀v���_� ç�H+þA������Ér 1lx{9�
�>� î̈
��ô�Ç��. ¢̧ô�Ç

�̀v���_� ��u�\�¦ î̈
��
�l� 0AK� 0A+«>×�æwn���u�î̈
�� "é¶gË:�̀¦ &h�6 x�<ÊÜ¼�Ð+� ÈÒ

����_� 0A+«>��� ñ�̧ü< Áº�'a
�>� �̀v���_� �����s� ���&ñ
�)a��. s���H r��©�s� ç�H

+þA �©�I�\� e���̀¦ M:\���H Áº0A+«> �íàÔe�¦o��̧_� Ãºe��Ò�¦õ� Áº0A+«>s���Ö�¦s� °ú 

l� M:ë�Hs���.

V� 4 â�
 l�/�×�¿ÌfC�+ ÊÁn�&P��7�

ÁºC�{©�ÅÒd���̀¦ l��í��íß�Ü¼�Ð 
���H Ä»XO�+þA c+t�̀v���_� ��u�\�¦ ½̈
���H s��½Ó�̧

+þA�̀¦ Ãºu�ì�r$3��̀¦ :�xK� �̧Ø�¦K��Ð��. r�çß�/BNçß��̀¦ i∆, �©�I�/BNçß�(ÅÒ��)�̀¦ j�Ð


���H 2	�"é¶ �����\�¦ ½̈$í

��¦, �̀v���_� ëß�l� T\�¦ y�� ½̈çß�_� U�́s��� ∆t��� N>h

_� ½̈çß�Ü¼�Ð ��è�H��. i∆r�&h�_� j���P: node\�¦ (i, j)�Ð ����?/��� i∆r�&h�\�

"f ÅÒ����2[½+É Ãº e����H �©�I���H i + 1>hs���. (i, j)\�"f_� ÅÒ����H Sujdi−js�

�¦ (i, j)\�"f_� �̀v���_� ��u�\�¦ fi,j�� 
���. ëß�l�\� Ä»XO�+þA c+t�̀v���_� ��u���H

Max(0, ST − E)s�Ù¼�Ð ��6£§s� $í
wn�ô�Ç��.

fN,j = Max(0, SujdN−j − E), for j = 0, 1, . . . ,N

ir�&h�_� (i, j)\�"f i + 1r�&h�_� (i + 1, j + 1)�Ð ¹¡§f��{9� SX�Ò�¦�Ér ps��¦

(i + 1, j)�Ð ¹¡§f��{9� SX�Ò�¦�Ér 1 − ps���. ����"f 0A+«>×�æwn���u�î̈
��_� "é¶gË:\�

_�
�#� ��6£§s� $í
wn�ô�Ç��.

fi,j = e−r∆t[pfi+1,j+1 + (1 − p)fi+1,j], for 0 ≤ i ≤ N − 1, 0 ≤ j ≤ i

UdV�

Áº0A+«> s���Ö�¦ r = 0.05, ���1lx$í
 σ = 0.3��� r��©�\�"f �&³F� KOSPI200

t�Ãº�� 100��� ÅÒd���̀¦ 10l�çß� Êê 100\� B�{9�½+É Ãº e����H Ä»XO�+þA c+t�̀v���_�

������̀¦ ½̈
���H C++ �ï×¼\�¦ ëß�[þt#Q�Ð��.
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m_St[j]=m_St[j-1]*m_u/m_d;

call=max(m_St,m_E);

for(int i=m_N;i>=1;i--)

{

for(int j=0;j<i;j++)

call[j]=exp(-m_r*m_dt)*(m_p*call[j+1]+(1-m_p)*call[j]);

}

cout<<"Call price is "<<call[0]<<endl;

}

int main()

{

binomial bino(100,100,10,0.05,1.0,0.3);

bino.Get_Callprice();

}

���õ���H ��6£§õ� °ú ��.

ÕªaË> 9.10: ��l�çß� s��½Ó �̧+þA

7£¤ \V]j_� �̧|	��̀¦ ëß�7á¤
���H Ä»XO�+þA c+t�̀v����Ér 13.9408_� ��u�\�¦ t�m��¦

e��6£§�̀¦ SX����½+É Ãº e����.

s��½Ó�̧+þA�Ér y�� éß�>����� l��í��íß�_� �����s� {9�&ñ
ô�Ç °úכëß��pu �©�5px
����� 
�

|ÃÌô�Ç����H��&ñ
\�"fØ�¦µ1Ï
�%i���. s��Qô�Ç��&ñ
�ÉrB�Äºq��&³z�́&h�����3��Ð!�%	כ

�����. Õª�Q�� y�� éß�>�_� r�çß�_� ß¼l�\�¦ ���>� 
�#� Ø�æì�ry� ú́§�Ér éß�>��Ð ��

è�H �â
Äº\���H l��í��íß�_� ����� ���1lxs� �&³z�́&h���� ì�r�í\�¦ °ú�>� �)a��. z�́Áº&h�

Ü¼�Ð @/ÂÒì�r 30 ∼ 50éß�>�_� s��½Ó�̧+þA�̀¦ &h�6 x
���H ��s	כ �Ð:�xs��� s� &ñ
�̧��

÷&��� s��©�&h���� s��½Óì�r�í�� ��_� ���5Åq&h���� ì�r�í�̧+þAÜ¼�Ð Ãº§4�
�>� �)a��.

#�l�\�"f ×�æ¹כô�Ç ��Ér	כ s��½Ó�̧+þAs� �̂¦Ïþ�-_�tÝ¼�̧+þA_� @/�̂ %i�½+É ÷�r ��m�
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ÓaµYcQ±Ó�× k��å·Qcl�¤�>

(Monte Carlo Simulation)

s� �©�\�"f��H :�x>�&h� ³ð�:rÆÒØ�¦ZO�(Statistical Sampling)�̀¦ s�6 x
���H �7H_� ºú�

�Ð l�ZO�\� @/K�"f ·ú����̂¦ �.���s	כ �7H_� ºú��Ð\�¦ s�6 x
�#� ÅÒ��t�Ãº áÔ�Ð[j

Û¼\�¦ Òqt$í

�l� 0AK�"f��H ÅÒ��t�Ãº\�¦ ��ØÔ��H SX�Ò�¦ì�r�í\�¦ ½̈K��� ô�Ç��. ÅÒ

��t�Ãº�� ��ØÔ��H ���5ÅqSX�Ò�¦ì�r�í\�¦ s�íß�+þA_� èß�Ãº�Ð @/�̂
��¦ r�ÓýtYUs�����̀¦

:�xK� èß�Ãº\�¦ ÆÒØ�¦
�#� Õª èß�Ãº[þts� °ú���H ì�r�í\�¦ ¹1Ô��H��. s��Qô�Ç èß�Ãº[þt�̀¦

"é¶A�_� ÅÒ��t�Ãº�� ��ØÔ��H SX�Ò�¦ì�r�í_� �<ÊÃº\� @/ô�Ç ��H��°ú̀�כ¦ ½̈
���H ��s	כ

�7H_�ºú��Ð~½ÓZO�s���.

V� 1 â�
 ÓaµYc Q±Ó�× k��å·Qcl�¤�>�+ ø�Ça�

�7H_�ºú��Ð ~½ÓZO��̀¦ s�6 x
�#� �̀v���������̀¦ ���&ñ

���H õ�&ñ
�Ér ��6£§õ� °ú s� ���¹כ

½+É Ãº�� e����.

269
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2. m_� �è���Ãº��H a − 1_� ���Ãºs���.

3. ëß���� ms� &ñ
Ãº 4Ü¼�Ð ��¾º#Qt���� a − 1�̧ 4Ü¼�Ð ��¾º#Q�����.

0A_� �̧|	�\�_�K��̧Ãº�����&ñ
÷&��� xi+1\�¦ ½̈
��¦s�\�¦mÜ¼�Ð��¾º#Q Ui+1\�¦

%3���H��.

Ui+1 =
xi+1

m
, i = 0, 1, 2, · · · .

��6£§�Ér ���+þA½+Ë1lxZO�s� þj@/ ÅÒl�\�¦ ��|9� �̧|	�\� @/ô�Ç 7£x"î
s���.

¤� ÃZ�

#�l�"fëß����ms� 2_���[þv]jY�L{9��â
Äº\���H c��f.ËÃºs��¦ a ≡ 1 (mod 4)���

¿º �̧|	��̀¦ ëß�7á¤
���� þj@/ÅÒl� m�̀¦ °ú���H��. ¢̧ô�Ç ms� 10_� ��[þv]jY�L {9� M:

c��H 2ü< 5�Ð ��¾º#Qt�t� ·ú§�¦ a ≡ 1 (mod 20) _� ¿º ��t� �̧|	�ëß� 
¹כ��9�

��.

a = 1 s��¦ cü< ms� "f�Ð�ès���� {©����y� ÅÒl���H ms� �)a��. ����"f ·ú¡Ü¼�Ð

a 6= 1e���̀¦ ��&ñ

���.

(10.1)�̀¦ ��6 x
�#� i = 1, 2, · · ·, n − 1{9� M: ��6£§�̀¦ ~1�>� %3��̀¦ Ãº e����.

xn ≡ anx0 +
(an − 1)c

a − 1
(mod m).

Õªo��¦ Äºo���H xn = x0õ� °ú s� ���©� ����Ér n\� �'ad��s� e����. 7£¤,

(an − 1)(x0(a − 1) + c)

a − 1
≡ 0 (mod m).

&ñ
o�_� �̧|	�\� _�K� x0(a − 1) + c��H mõ� "f�Ð�ès���. ����"f ��6£§õ� °ú 

�Ér ���©�����Ér n\� @/K� ÅÒ3lq
���.

an − 1

a − 1
≡ 0 (mod m). (10.2)

s�]j 5pxÃºa�� &ñ
o�_� �̧|	��̀¦ ëß�7á¤½+ÉM: ���©� ����Ér n_� °úכ�Ér mõ� °ú 6£§

�̀¦ �Ðs���. 'Í	P:�Ð, α �� �ª�_� &ñ
Ãº s��¦ p�� f.ËÃº����èÃº {9�M: m = pα_�
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Õª�QÙ¼�Ð j\� ����±ú� Ãº e����H p_� S��Ãº��H j − 1�Ð�� &h����� °ú ��. Õª

�Q�� β ≥ 1s�l� M:ë�H\� j\�"f ��������H p_� S��Ãº��H p(j−1)β�½Ó\� e����H p�Ð

�� &h���. ÕªA�"f ���Ãº pα��H j\� _�K� ��¾º#Q b��#Q|9� ��¹כ��9 ���)� \O���. d��

(10.4)_� Äº���_� �̧��H �½Ó�Ér pα\� _�K� ��¾º#Q �����. s���Ér	כ &h�#Q�̧ ]jr��)a

�̧|	� 
�\�"f (10.2)��H n = pα{9�M: ëß�7á¤�<Ê�̀¦ _�p�ô�Ç��.

Äºo���H s�]j (10.2)\�¦ ëß�7á¤r�v���H pα�Ð�� ����Ér n�Ér \O�6£§�̀¦ �Ð#��� ô�Ç��.

(10.2)\�¦ ëß�7á¤r�v���H n_��9¹כ�Ø�æì�r �̧|	��Ér Õª�Qô�Ç °úכ_� ���©�����ÉrÃº_� C�Ãº

e���̀¦ �Ðs���H ��Ér	כ ~1���. n = pα��H (10.2)\�¦ ëß�7á¤r�(���̀¦ ·ú��¦e���¦ ����"f

p_� ��[þv]jY�L��� n�̀¦ �¦�9K��� ô�Ç��. z�́]j�Ð n = pα−1�Ér (10.2)�̀¦ ëß�7á¤
�

t� ·ú§6£§�̀¦ �Ðs���� Äºo�_� 3lq&h�\� Ø�æì�r
���. (10.2)_� ýa���\� n = pα−1\�¦

@/{9�
��¦ a\� @/K� (10.3)_� ���>hd���̀¦ ��ØÔ��� ��6£§�̀¦ ~1�>� %3��̀¦ Ãº e����.

an − 1

a − 1
= pα−1 +

pα−1(pα−1 − 1)

1 · 2 kpβ +
pα−1(pα−1 − 1)(pα−1 − 2)

1 · 2 · 3 (kpβ)2

+ · · · +(kpβ)p
α−1−1.

s� d��_� Äº���s� pα�Ð ��¾º#Qt�t� ·ú§6£§�̀¦ �Ð{9� �.���s	כ 'Í	���P: �½Ó�Ér ��

"î

�>� pα�Ð ��¾º#Qt�t� ·ú§Ü¼Ù¼�Ðy��y��_� ���Ér �½Ós� pα�Ð ��¾º#Qf���̀¦ �Ðs�

��� Ø�æì�r
���. 7£x"î
�Ér 0A\�"f ÅÒ#Q��� (10.4)_� j���P: �½Ó_� ����Ér ����o\�¦ ]jü@


��¦��H1lx{9�
���. s��½Ó>�Ãº\�"f��������H ���Ãº pα\�¦ pα−1��@/���ô�Ç��. s�

M: ì�r��\�"f ¢̧ ���Ér ���Ãº p�� 
¹כ��9���. s���Ér	כ p�� f.ËÃº����H ��&ñ
�̀¦ ��

6 x
���� (10.5)\�"f j − 1 @/���\� j − 2�Ð�� &h����� °ú 6£§�̀¦ ·ú� Ãº e���¦, Õª�	כ

�Ér p(j−1)β\�"f ¹1Ô�̀¦ Ãº e����.

Äºo���Hs�]j p��f.ËÃºs��¦ m = pα{9�M:&ñ
o�_�7£x"î
�Ér¢-a$í
Ùþ¡��. m =

2α{9�M:_�7£x"î
�Ér��ÅÒ �̧�FK��ØÔ��. α = 1{9��â
Äº\���H��"î

���. α ≥ 2�â


Äº\���H 0A_� (10.3)\�"fü< ���ÉrX<, s�]j �ª�_�&ñ
Ãº β��H 1�Ð�� &���ô�Ç��. s�

�Qô�Ç β\� @/ô�Ç ]j����Ér ��6£§õ� °ú s� 7£x"î
_� ��t�}�� ë�H�©�\�"fëß� 
¹כ��9���.

”¢̧ ���Ér ���Ãº��H β > 1_� ��&ñ
�̀¦ ��6 x
���� p(j−1)β\�"f ¹1Ô�̀¦ Ãº e����.”

s�]j 7£x"î
�Ér ms� �èÃº_� ��[þv]jY�L_�]j��� 
�\�"f ¢-a$í
 ÷&%3��¦, ms� ½+Ë

$í
Ãº{9� �â
Äº�Ð {9�ìøÍ�o r�v���H ��Ér	כ q��§&h� ~1���. z�́]j�Ð ��6£§õ� °ú s� çß�éß�


�>� Ñüt Ãº e����.
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{

R.push_back((m_a*R[i-1]+m_c)%m_M);

U.push_back((double)R[i]/m_M);

cout<<setw(9)<<i<<setw(12)<<R[i-1]<<setw(16)<<U[i-1]<<endl;

}

}

int main()

{

uniform_rand1 rand1(7,1,18);

rand1.Get_rand1();

return 0;

}

0A_� �ï×¼ uniform_rand1.cpp\�¦z�́'��ô�Ç ���õ���H ��6£§õ� °ú ��.

0A���õ�\�"f·ú�Ãºe��1pws�þj@/ÅÒl����M = 18�̀¦°ú���HÄ»��èß�Ãº\�¦Òqt$í


Ùþ¡��. 19, 20, Õªo��¦ 21���P: èß�Ãº��H y��y�� 1, 2, Õªo��¦ 3���P: èß�Ãºü< °ú ��.

2.2 Non-uniform Distribution£�· G±ØÐM� ì5ÑÊÁ �»jÅ]�: Box-Muller

Method

SX�Ò�¦x9��̧ �<ÊÃº f(x) = e−xχ[0,∞)(x)\� @/K�"f SX�Ò�¦ì�r�í�<ÊÃº��H ��6£§õ� °ú s�

½̈½+É Ãº e����.

F (x) =

∫ x

0
f(t)dt =

∫ x

0
e−tdt = 1 − e−x. (10.6)

����"f F (x)_� %i��<ÊÃº��H F−1(u) = − ln(1− u) �Ð ÅÒ#Q�����. #�l�"f χE(x)

�<ÊÃº��H ��6£§õ� °ú s� &ñ
_��)a��.

χE(x) =





1 if x ∈ E.

0 otherwise.

SX�Ò�¦x9��̧�<ÊÃº f(x) = 1
2πχ[0,2π)(x)\�@/K�"fSX�Ò�¦ì�r�í�<ÊÃº��H��6£§õ�°ú 

s� ½̈½+É Ãº e����.

F (x) =

∫ x

0
f(t)dt =

∫ x

0

1

2π
dt =

x

2π
. (10.7)
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ÕªaË> 10.2: SX�Ò�¦x9��̧ �<ÊÃº f(x) = e−xχ[0,∞)(x)_� SX�Ò�¦ì�r�í�<ÊÃºü< ¾º&h�ì�r

�í�<ÊÃº

2���|¾Ó³ðï�r&ñ
½©ì�r�í\�¦��ØÔ��H&h�\P��̀¦ ½̈½+ÉÃºe����. ��6£§õ�°ú �Ér�FGýa³ð[þt

�Ð &ñ
½©SX�Ò�¦ 7�'� (x, y)\�¦ ���8̈�r�v��� (ÕªaË> 10.6 �ÃÐ�¦).

Ωxy = {(u, v) : −∞ < u < x, −∞ < v < y}, (10.8)

Ωrθ = {(r, θ) : r =
√

x2 + y2, θ = tan−1 y

x
, (x, y) ∈ Ωxy} (10.9)

x = r cos θ, y = r sin θ

#�l�"f rõ� θ��H ��6£§d���̀¦ s�6 xK�"f ½̈½+É Ãº e����.

r = r(x, y) =
√

x2 + y2, θ = θ(x, y) = tan−1 y

x

¢̧ô�Ç, s� �FGýa³ð���8̈�\� _�ô�Ç Jacobian�Ér ��6£§õ� °ú ��.
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ÕªaË> 10.4: SX�Ò�¦x9��̧ �<ÊÃº f(x) = 1
2πχ[0,2π)(x)_� SX�Ò�¦ì�r�í�<ÊÃºü< ¾º&h�ì�r�í

�<ÊÃº

¢̧ô�Ç, ���Ãº���8̈� s = r2/2\� _�K�"f, 0A_� d���̀¦ ��6£§õ� °ú s� jþt Ãº e����.

F (x, y) =

∫ ∫

Ωrθ

1

2π
e−

r2

2 rdrdθ =

∫ ∫

Ωsθ

1

2π
e−sdsdθ

=

∫ ∫

Ωsθ

f(s, θ)dsdθ

#�l�"f

f(s, θ) = e−sχ[0,∞)(s)
1

2π
χ[0,2π](θ) (10.12)

7£¤, SX�Ò�¦���Ãº s��H t�Ãºì�r�í e−sχ[0,∞)(s)�̀¦ ��ØÔ�¦, SX�Ò�¦���Ãº θ��H ç�H1px

ì�r�í 1
2πχ[0,2π](θ)\�¦ ��ØÔ 9, SX�Ò�¦���Ãº sü< SX�Ò�¦���Ãº θ��H "f�Ð 1lqwn�s���. SX�

Ò�¦ 7�'� (u, v)�� &ñ
��y��+þA [0, 1]× [0, 1]\�"f ç�H1pxì�r�íô�Ç���¦
��¦, ��6£§ d��[þt

�̀¦ &ñ
_�
���.

s := − log(1 − u), r =
√

2s =
√

−2 log(1 − u), θ := 2πv
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x

y

Ωxy = Ωrθ = Ωsθ

ÕªaË> 10.6: ���½+ËSX�Ò�¦ ì�r�í�<ÊÃº\�¦ >�íß�
���H %ò
%i�

//////////////////////+box_muller.cpp+//////////////////////

#include<iostream>

#include<cmath>

#include<vector>

#include<time.h>

#include<fstream>

#include<iomanip>

using namespace std;

#define PI 4.0*atan(1.0)

vector<double> linspace(double START,double END, int STEP)

{

vector<double> d;

double n = ((double)END - START) / (STEP-1);

for (int i=0; i < STEP; i++)

d.push_back(START+ n * i);

return d;

}

template<typename T>

T max(vector<T> S)
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{

vector<double> u;

for(unsigned int i=0; i<A.size();i++)

u.push_back(sqrt(-2*log(A[i]))*sin(2*PI*B[i]));

return u;

}

vector<double> hist_dom(vector<double> A,int n)

{

double max_A=max(A);

double min_A=min(A);

vector<double> u=linspace(min_A,max_A,n);

return u;

}

vector<double> hist_freq(vector<double> A,vector<double> x)

{

vector<double> c;

double h=x[1]-x[0];

for(unsigned int i=0; i<x.size()-1;i++)

{

double count=0;

for(unsigned int j=0;j<A.size();j++)

{

if(x[i]<=A[j] && A[j]<x[i+1])

count+=1;

}

c.push_back(count);

}

c.push_back(1);

return c;

}

template<typename T>

bool WriteData(vector<T> data,const char* filename)

{

if (data.empty())

return false;
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clc; clf; clear;

x1= load(’x1_Data.dat’);

x2= load(’x2_Data.dat’);

y1= load(’A_Data.dat’);

y2= load(’A_Data.dat’);

hold on

plot(x1, y1,’k*’,’linewidth’,1);

plot(x2, y2,’ko’,’linewidth’,1);

plot(x1, exp(-0.5*x1.^2)/sqrt(2*pi),’k-’,’linewidth’,2);

legend(’Z1’,’Z2’,’pdf’);

xlabel(’random number’,’fontsize’,15);

ylabel(’Prob.density’,’fontsize’,15);

axis([min(x1) max(x1) 0 0.5])

set(gca,’fontsize’,15)

hold off

2.3 ¡�́ÊÁ�+ e��ï��ñ5Ñ£�· ��ë�> £�¹¤�>�+ ��n� N�ñ5Ñ

·ú¡\�"f ¶ú�(R�:r Box-Muller ~½ÓZO��Ér ¿º >h s��©�_� l��í��íß�s� "f�Ð �©��'a�'a>�

\�¦ °ú��¦ e���̀¦ �â
Äº èß�Ãº\�¦ Òqt$í

�l�\���H ÂÒ&h�½+Ë
���. s�M:\���H b(¦YUÛ¼v�

ì�rK�\�¦ s�6 x
�#� l��í��íß�çß�_� �©��'a�'a>�\�¦ �¦�9ô�Ç èß�Ãº\�¦ Òqt$í
½+É Ãº e����.

2.4 ¥@·Qcâ«o� &P�B�(Cholesky decomposition)

@/g�A�ª�&ñ
u� '��§>=(symetric positive definite matrix)�Ér LU ì�rK�_� :£¤Ãºô�Ç \V

��� b(¦YUÛ¼v� ì�rK�\�¦ &h�6 x½+É Ãº e����. @/g�A�ª�&ñ
u�'��§>=s�êøÍ @/g�A '��§>= A��

0s� �����  7�'� x\� @/
�#� xT Ax > 0��� '��§>=�̀¦ _�p�ô�Ç��. 7£¤ '��§>= A\� @/

ô�Ç �¦Ä»°úכ(eigenvalue)s� �̧¿º �ª�Ãº��� '��§>=�̀¦ �ª�&ñ
u�'��§>=s��� ô�Ç��. 2 × 2

@/g�A�ª�&ñ
u� '��§>= A _� \V\�¦ [þt#Q Òqty��K��Ð��.

'��§>= A�� @/g�A�ª�&ñ
u� '��§>=s������ A = LLT��� 
����y��'��§>= Lõ� �©����y��

'��§>= LT_� Y�LÜ¼�Ð ����è­q Ãº e����. ���$�, 
����y��'��§>=��� L�̀¦ ½̈
�l� 0AK�
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����"f,

L =





√
a 0

b√
a

√
c − b2

a





s���.

2.5 e��ï��ñ5Ñë5Ñ (�×®̧�®̧�N���· ð5�ÆZ�ø5� ì5ÑÊÁ�»jÅ]�

l��í��íß�çß� �©��'a�'a>��� ìøÍ%ò
�)a èß�Ãº\�¦ Òqt$í

�l� 0AK�"f ���$� ·ú¡"f ¶ú�(R�:r

@/�Ð Box-Muller ~½ÓZO��̀¦ s�6 xK�"f ��f�� �©��'a�'a>��� ìøÍ%ò
÷&t� ·ú§�Ér èß�Ãº\P�

�̀¦Òqt$í
ô�Ç��. Õªo��¦ 2>hs��©�_�l��í��íß�\�@/ô�Ç�©��'a>�Ãº'��§>=�̀¦b(¦YUÛ¼

v�ì�rK�
�#� �©����y��'��§>=õ� 
����y��'��§>=_� Y�LÜ¼�Ð �����·p��. Õªo��¦ ·ú¡"f ½̈

ô�Ç èß�Ãº 7�'�\� 
����y�� '��§>= Y�L
�#� �©��'a�'a>��� ìøÍ%ò
�)a èß�Ãº\�¦ ½̈ô�Ç��.

\V�Ð l��í��íß�s� 2>h��� �â
Äº\�¦ Òqty��K��Ð��. Äº��� ³ðï�r&ñ
½©ì�r�í\�¦ ��

ØÔ��H èß�Ãº φ1õ� φ2\�¦ ëß�[þt#Q�Ð��. �©��'a>�Ãº�� ρ��� �©��'a>�Ãº '��§>=�̀¦ A���¦


���.

A =




1 ρ

ρ 1





'��§>= A\�¦ b(¦YUÛ¼v� ì�rK�
���� ��6£§õ� °ú ��.

A = LLT =




1 0

ρ
√

1 − ρ2








1 ρ

0
√

1 − ρ2





ì�rK� �)a '��§>= L�̀¦ s�6 x
�#� �©��'a>�Ãº�� ìøÍ%ò
�)a èß�Ãº φ∗
1ü< φ∗

2�Ð ���8̈�
�

��� ��6£§õ� °ú ��.
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#�l�"f, 1lqwn���� SX�Ò�¦���Ãº[þt_� /BNì�ríß��Ér 0e���̀¦ ·ú� Ãº e����. �©�Ãº a\� @/K�

"f ��6£§ $í
|9�s� $í
wn��<Ê�̀¦ ·ú� Ãº e����.

Cov[X,Y ] = Cov[Y,X]

Cov[X,X] = V ar[X]

Cov[aX, Y ] = aCov[Y,X]

Cov[X1 + X2, Y ] = E[(X1 + X2)Y ] − E[X1 + X2]E[Y ]

= E[X1Y + X2Y ] − (E[X1] + E[X2])E[Y ]

= E[X1Y ] + E[X2Y ] − E[X1]E[Y ] − E[X2]E[Y ]

= Cov[X1, Y ] + Cov[X2, Y ]

¿º èß�Ãº ��s�\� ì�ríß��̀¦ s�6 x
�#� /BNì�ríß��̀¦ ½̈
���� ��6£§õ� °ú ��.

Cov[φ∗
1, φ

∗
2] = Cov[φ1, φ1ρ + φ2

√
1 − ρ2]

= Cov[φ1, φ1ρ] + Cov[φ1, φ2

√
1 − ρ2]

= ρCov[φ1, φ1] +
√

1 − ρ2Cov[φ1, φ2]

= ρ.

s�]j ��6£§õ� °ú s� &ñ
_�÷&��H �©��'a>�Ãº(Correlation)�̀¦ ½̈K��Ð��.

Corr[φ∗
1, φ

∗
2] =

Cov[φ∗
1, φ

∗
2]√

V ar[φ∗
1]
√

V ar[φ∗
2]

= ρ.

V� 3 â�
 ÌÁ�� ¿R��×(Stock Process) k��å·Qcl�¤�>

�7H_�ºú��Ð r�ÓýtYUs����(Monte Carlo Simulation, MC)s�êøÍ �©�¾¡§_� ��u�\� %ò


�¾Ó�̀¦ ÅÒ��H ���Ãº[þt çß�_� �'a>�\�¦ �̧+þA�o
�#� K�{©����Ãº[þt_� p�A�_� °ú̀�כ¦ \V8£¤


��¦ s�\� ���� �©�¾¡§_� ��u�\�¦ î̈
��
���H ~½ÓZO�s���. s� M: \V8£¤
��¦�� 
���H

���Ãº[þt\� @/K�"f :£¤&ñ
ô�Ç ì�r�í\�¦ ��&ñ

�>� ÷& 9, K�{©�ì�r�í\�¦ ��ØÔ��H èß�Ãº\�¦

ìøÍ4�¤&h�Ü¼�Ð µ1ÏÒqtr�&� ���Ãº_� p�A� °ú̀�כ¦ \V8£¤
�>� �)a��.

MC\�¦s�6 xK�"f��Òqt�©�¾¡§_�������̀¦���&ñ

���H'Í	 éß�>���Hl��í��íß�_�SX�

Ò�¦õ�&ñ
�̀¦ �̧+þA�o
���H �.���s	כ l��í��íß���� t�Ãº_� SX�Ò�¦õ�&ñ
s� GBM�̀¦ ��
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vector<double> d;

double n = ((double)END - START) / (STEP-1);

for (int i=0; i < STEP; i++)

d.push_back(START+ n * i);

return d;

}

vector<double> randu(int n )

{

vector<double> u;

for (int i=0; i < n; i++) {

u.push_back((double)rand() / RAND_MAX );

}

return u;

}

vector<double> cosZ1(vector<double> A, vector<double> B)

{

vector<double> u;

for(unsigned int i=0; i<A.size();i++)

u.push_back(sqrt(-2*log(A[i]))*cos(2*PI*B[i]));

return u;

}

vector<double> sinZ2(vector<double> A, vector<double> B)

{

vector<double> u;

for(unsigned int i=0; i<A.size();i++)

u.push_back(sqrt(-2*log(A[i]))*sin(2*PI*B[i]));

return u;

}

class stock_process

{

private:

vector<double> m_S;

int m_N;

double m_r, m_vol, m_T, m_dt;

public:

stock_process(double nr, double nvol, double nT, int nN):
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int main()

{

stock_process stock(0.03, 0.3, 1.0, 100);

stock.Get_Stock_Process();

return 0;

}

��6£§�Ér data ��{9��̀¦ {9���H m-��{9�s���.

clc; clf; clear;

t = load(’stock_process_x_Data.dat’);

S = load(’stock_process_u_Data.dat’);

plot(t,S,’*-’); xlabel(’Time’); ylabel(’Stock Price’);

ÕªaË> 10.8 �Ér 0A_� stock_process.cpp C++ �ï×¼\�¦ z�́'��ô�Ç ���õ�\�¦ ��

���·p �.���s	כ

ÕªaË> 10.9 �Ér t�Ãº áÔ�Ð[jÛ¼ 100>h\�¦ z�́'��ô�Ç ���õ�\�¦ �����·p �.���s	כ

V� 4 â�
 £�¹¤�>�+ payoff N�ñ5Ñ

�íl� ÅÒ��t�Ãº S0�� ÅÒ#Q|9� M: ·ú¡_� õ�&ñ
�̀¦ �íl�r�&h�õ� ëß�l�r�&h� ��s�_�

½̈çß� [0, T ]\� ìøÍ4�¤&h�Ü¼�Ð Ãº'��
���� ëß�l�r�_� ÅÒ��t�Ãº ST\�¦ r�ÓýtYUs����

½+É Ãº e����. \V\�¦ [þt#Q ô�Ç��� r�'��½+É M:���� Ä»XO�+þA c+t�̀v���_� ëß�l� payoff

fT = Max(ST − E, 0)�̀¦ ½̈
��¦ ÅÒ��t�Ãºõ�&ñ
�̀¦ Òqt$í

���H õ�&ñ
�̀¦ ìøÍ4�¤½+É

M:���� r�ÓýtYUs���� S��Ãºëß��pu Payoff °úכ[þt�̀¦ %3��̀¦ Ãº e����.

V� 5 â�
 payoff �æ·�+ e�7�G±ê ÍÙÇa�

·ú¡ ]X�\�"f ½̈ô�Ç payoff[þt�̀¦ 0A+«>×�æwn�SX�Ò�¦ Q\�¦ s�6 x
�#�ëß�l�r�_� l�@/°ú̀�כ¦

ÆÒ&ñ
ô�Ç��. r�ÓýtYUs�����̀¦ :�xK� %3�#Q��� payoff[þt_� 8úx½+Ë�̀¦ r�ÓýtYUs���� S��Ãº
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ÕªaË> 10.9: 100>h_� t�Ãº õ�&ñ
 Òqt$í


f0 = e−rT [EQ(fT )] = e−rT

[
1

N

N∑

i=1

Max(ST,i − E, 0)

]

V� 7 â�
 ÊÁn� &P��7�

��Òqt�©�¾¡§ ����� ���&ñ
�Ér ���$� MC\� _�K� Òqt$í
�)a �â
�Ð[þt(paths)\� ���� K�{©�

��Òqt�©�¾¡§_� payoffs\�¦ >�íß�
��¦ s�\� @/ô�Ç l�@/°ú̀�כ¦ ½̈
�#� Áº0A+«> s���Ö�¦

�Ð½+É���
�>� ÷&�����Òqt�©�¾¡§�����s� �̧Ø�¦�)a��. MC_call.cpp��HÄ»XO�+þAc+t�̀v

����̀¦ MC\�¦ s�6 x
�#� �̧Ø�¦
���H C++ �ï×¼s���.
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return P;

}

vector<double> randn2(int n)

{

vector<double> u(randu(n)),v(randu(n)),P(sinZ2(u,v));

return P;

}

class MC_call

{

private:

int m_M,m_E,m_S,m_n;

double m_r, m_vol, m_T, m_dt;

public:

MC_call(int nE,int nS,int nn,double nr, double nvol, double nT, int nM):

m_E(nE),m_S(nS),m_r(nr), m_n(nn),m_vol(nvol), m_T(nT), m_M(nM){}

~MC_call(){};

void Get_Call_price(void);

};

void MC_call::Get_Call_price()

{

srand((unsigned int)time(NULL));

m_dt=m_T/m_n;

vector<vector<double>> m_SP(m_M, vector<double>(m_n+1));

vector<double> R(m_n+1);

for(int i=0;i<m_M;i++)

m_SP[i][0]=m_S;

for(int i=0;i<m_M;i++)

{

int half=floor(m_n+1/2.0);

for(int j=0; j<half;j++)

R[j]=randn1(half)[j];

for(int j=0; j<m_n+1-half;j++)

R[j+half]=randn2(m_n+1-half)[j];

for(int j=1;j<m_n+1;j++){

m_SP[i][j]=m_SP[i][j-1]*exp((m_r-pow(m_vol,2)/2)*m_dt

+m_vol*R[j]*sqrt(m_dt));}
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��? &ñ
½©ì�r�í(N(0, 1))\�¦ ��ØÔ��H èß�Ãº φi (1 ≤ i ≤ n)�� e�����¦ ��&ñ
Ùþ¡�̀¦

M:,

n∑

i=1

√
∆tφi = φ1

√
∆t + · · · + φn

√
∆t = φ

√
n∆t (10.14)

s�$í
wn�
�l�M:ë�Hs���. 7£¤, ����̂ r�çß��̀¦ n>h�Ð��¾º#Q#��Q���\� ���5g>�íß�

ô�Ç ��6£§ ½+Ëíß�ô�Ç ����s	כ ����̂ r�çß��̀¦ ô�Ç ���\� >�íß�
���H ��s	כ SX�Ò�¦&h�Ü¼�Ð 1lx

{9�ô�Ç °ú̀�כ¦ °ú���H����H �.���s	כ

E[
n∑

i=1

√
∆tφi] =

n∑

i=1

√
∆tE[φi] = 0

V ar[

n∑

i=1

√
∆tφi] =

n∑

i=1

∆tV ar[φi] =

n∑

i=1

∆t = n∆t

����"f, ��6£§s� $í
wn��<Ê�̀¦ SX����½+É Ãº e����.

n∑

i=1

√
∆tφi =

√
n∆tφ,

#�l�"f φ ∼ N(0, 1)s���. Õª�QÙ¼�Ð �7H_�ºú��Ðr�ÓýtYUs�����̀¦ r�'��½+ÉM: @/ÂÒ

ì�r_� �â
Äº\� e��#Q"f n = 1�Ð ¿º��H �.���s	כ

��6£§�Ér ¿º>h_� l��í��íß�s� e����H �â
Äº\�_� MC ~½ÓZO�\� @/K�"f ·ú����Ð

��. MC_call2d.cpp �Ér C++ �ï×¼s���. s�\�¦ z�́'��
���� ��6£§õ� °ú �Ér ���õ�

\�¦ %3���H��.

//////////////////////+MC_call2d.cpp+//////////////////////

#include<iostream>

#include<cmath>

#include<vector>

#include <algorithm>

#include<time.h>

#include <numeric>

#include<cstdlib>

using namespace std;

#define PI 4.0*atan(1.0)



]j 7 ]X� Ãºu� ì�r$3� 301

class MC_stock_process

{

private:

int m_S,m_E,m_M;

double m_vol;

vector<vector<double>> m_SP;

vector<double> info_vec;

public:

MC_stock_process(int nS,int nE,int nM,double nvol):

m_S(nS),m_E(nE),m_vol(nvol),m_M(nM) {}

~MC_stock_process(){};

vector<vector<double>> Get_stock_process(void);

vector<double> info(void);

};

vector<vector<double>> MC_stock_process::Get_stock_process()

{

vector<vector<double>> m_SP(m_M, vector<double>(2));

for(int i=0;i<m_M;i++)

m_SP[i][0]=m_S;

return m_SP;

}

vector<double> MC_stock_process::info(void)

{

info_vec.push_back(m_E);

info_vec.push_back(m_vol);

return info_vec;

}

class MC_call_Price2d

{

private:

vector<vector<double>> m_SP1, m_SP2,m_L;

vector<double> m_info1,m_info2,m_w0,m_w;

double m_rho,m_r,m_T,m_dt;

int m_ns;

public:
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m_SP2[i][1]=m_SP2[i][0]*exp((m_r-pow(m_info2[1],2)/2)*m_dt

+m_info2[1]*m_w[1]*sqrt(m_dt));

}

vector<double> max_m_SP1,max_m_SP2,max_m_SP;

for(int i=0;i<m_ns;i++)

max_m_SP1.push_back(max(m_SP1[i][1]-m_info1[0],0.0));

for(int i=0;i<m_ns;i++)

max_m_SP2.push_back(max(m_SP2[i][1]-m_info2[0],0.0));

for(int i=0;i<m_ns;i++)

max_m_SP.push_back(max(max_m_SP1[i],max_m_SP2[i]));

double payoff=mean(max_m_SP);

cout<<"Call Price is "<<exp(-m_r*m_T)*payoff<<endl;

}

int main()

{

MC_stock_process stock1(100,100,1000,0.3);

MC_stock_process stock2(100,100,1000,0.3);

vector<vector<double>> process1(stock1.Get_stock_process())

,process2(stock2.Get_stock_process());

vector<double> info1(stock1.info()),info2(stock2.info());

MC_call_Price2d Price(process1,info1,process2,info2,0.5,0.05,0.5,1000);

Price.Get_call_price();

return 0;

}

ÕªaË> 10.11: �7H_� ºú��Ð\�¦ :�xô�Ç ��íß�s� 2>h��� �̀v��� �����
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;³�	p כ�»Áþ�£�· �Dø5� ÊÁÁþ� (l�ê�>ÌfC)

�FKÖ6x��íß��̀¦ l��í�Ð ô�Ç 4�¤½+Ë �©�¾¡§��� ��Òqt�©�¾¡§

_� s��:r��������&ñ
�̀¦ 0AK� ¹ô�Çכ��9 l��:r&h���� Ãº

�<Æt�d���̀¦��ê�r���/BN"f. SX�Ò�¦_�l��:r>h¥Æ�,SX�

Ò�¦õ�&ñ
,�FKÖ6x/BN�<Æ�̀¦0Aô�Çl��íÃº�<Æ,��������&ñ


J��Q��e�� 1px 6>h �©�Ü¼�Ð [O�"î
Ùþ¡��.

;³�	p כ�»Áþ��+ ÊÁÁþ��\� e��ï (Å]�¢� V�)

�FKÖ6xÃº�<Æ {9�ë�H"f. s� Õþ��Ér p�&h�ì�r�<Æ\�"f �9�

¹ô�Çכ |9�½+Ë�:rõ� z�́K�$3��<Æ, SX�Ò�¦�:rõ� SX�Ò�¦K�$3�

�<Æ\� @/ô�Ç ?/6 x�̀¦ {���¦ e����.

;³�	p ÊÁÁþ� (ÊÏ�Ça�.Uè)

Ãºo��FKÖ6x_�l��:r>h¥Æ�õ�SX�Ò�¦p�&h�ì�r�<Æ_�l��í

t�d���̀¦ e��y��¦ s�\�¦ �FKÖ6xë�H]j\� 6£x6 x
���H ?/

6 x�̀¦ ÅÒ¹כ Y�J���Ð t��Ér Õþ�s���.
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¤n>�ä·£�¹¤�> (l�!�
(�×)

���Óüt, �̀v���, Û¼כ��õ� °ú �Ér ��Òqt �FKÖ6x�©�¾¡§\� @/

ô�Ç ���ìøÍ &h�s��¦ �̂>�&h���� ?/6 x�̀¦ ��ê�r ���/BN

"f. ���Óüt_�>h¥Æ�,���Óütr��©�_� ½̈�̧ü<î�r%ò
,�FK

o�/:�x�o/ÅÒ��t�Ãº���Óüt,Û¼כ��, �̀v���r��©�_� ½̈

�̧ü< î�r%ò
 1px 14>h �©�Ü¼�Ð [O�"î

��¦ y�� �©���

�� ���_þvë�H]j\�¦ z�́%3���.

¤n>�ä·,£�¹¤�> ÏÙ������ ��*�× N±Ó�§ ���ÖR� 101��m�

(i¦Äªô5�)

ÈÒ����[þts� ·ú��¦ z�·#Q
���H ���Óüt �̀v�����A�_�

Ùþ�d�����½Ó[þt�̀¦ çß�éß�"î
«Ñ
�>� K�[O�
��¦ e����.

ÈÒ����[þts� ÏãÎ�FKK� 
���H &h�[þt�̀¦ ½̈�̂&h�Ü¼�Ð

\Vr�
��¦ Õª\� @/ô�Ç ²ú�����̀¦ ]jr��<ÊÜ¼�Ð+� ���

Óüt �̀v�����A�_� "é¶o�ü< l�ZO��̀¦ ~1��¦ &ñ
SX�
�>�

s�K�½+É Ãº e���̧2�¤ Ùþ¡��.

a)��· ��;³�
�ÐM� C++ è«�×Ü«8��b� (l�«Å�+�×)

"î
SX�
��¦ ���Ér ’>h¥Æ�’_� s�K�\�¦ þjÄº���_� 3lq

³ð�Ð �����¤��. 4�¤ú̧�ô�Ç >h¥Æ�s� ô�Ç���\� &ñ
o�÷&

��HÕªaË>[O�"î
s�>h¥Æ�_����Érs�K�\�¦ �̧ü<ÅÒ 9,

Ãºr��Ð\V]jü<z�́'�����õ�\�¦���ÐSX����½+ÉÃºe��

#Q>h¥Æ��̀¦���5Åq
�>�&h�6 x
��¦z�́+«>K��̂¦Ãºe��

��. s�Õþ�\�"f��H 3éß�>�áÔ�Ð#�oàÔ��]j/BN÷& 9,

��àÔZ>��Ð C�î�r ë�HZO��̀¦ 8úx1lx"é¶
�#� z�́���\�"f

¹ô�Çכ��9 l�0px�̀¦ f��]X� ëß�[þt#Q �:r��.
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The Mathematics of Financial Deriva-

tives (Paul Wilmott)

Finance is one of the fastest growing areas

in the modern banking and corporate world.

this, together with the sophistication of mod-

ern financial products, provides a rapidly

growing impetus for new mathematical mod-

els and modern mathematical methods; the

area is an expanding source for novel and rel-

evant ’real-world’ mathematics.

An Introduction to Financial Option

Valuation (Desmond Higham)

This is a lively textbook providing a solid in-

troduction to financial option valuations for

undergraduate students armed with a work-

ing knowledge of first-year calculus, written

in a series of short chapters, its self-contained

treatment gives equal weight.

Computational Finance (Levy, George)

Computational finance presents a modern

computational approach to mathematical fi-

nance within the window environment, and

contains financial algorithms, mathematical

proofs and computer code in C/C++. The

author illustrates how numeric components

can be developed which financial routines to

be easily called by the complete range of Win-

dows applications, such as Excel, Borland

Delphi, Visual Basic and Visual C++.
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Numerical Methods in Finance And

Economics (Paolo Brandimarte)

A state-of-the-art introduction to the pow-

erful mathematical and statistical tools used

in the field of finance. A MATLAB-Based

Introduction bridges the gap between finan-

cial theory and computational practice while

showing readers how to utilize MATLAB the

powerful numerical computing environment–

for financial applications.

Paul Wilmott on Quantitative Finance

3 Volume (Paul Wilmott)

Volume 3: Advanced Topics; Numerical

Methods and Programs. In this volume the

reader enters territory rarely seen in text-

books, the cutting-edge research. Numerical

methods are also introduced so that the mod-

els can now all be accurately and quickly

solved.
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Introduction to Programming with

C++

(Y.Daniel Liang)

There are many C++ texts. What dis-

tinguishes this book from others are the

fundamentals-first approach and the writing

style. The fundamentals-first approach intro-

duces fundamental programming concepts on

control statements, loops, functions, and ar-

rays before introducing object=oriented pro-

gramming.
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y����(Γ, Gamma), 224

���½+ËSX�Ò�¦x9��̧�<ÊÃº, 276

���½+ËSX�Ò�¦ì�r�í�<ÊÃº, 276

l��í��íß�, 13

?/������̀v���, 15

?/F����1lx$í
, 135

¾º&h�³ðï�r&ñ
½©ì�r�í�<ÊÃº, 109

¾»�Ér êÁ���HZO�, 136

4Sq��(∆,Delta), 218

1px������̀v���, 15

�ÐÄº(ρ,Rho), 233

ëß�l�{9�, 14

"î
r�&h� (Explicit) Ä»ô�Ç 	�ì�rZO�, 143

�7H_�ºú��Ðr�ÓýtYUs����(Monte Carlo Sim-

ulation), 269

Áº0A+«>s���Ö�¦(risk free rate), 248

p����]j���&ñ
, 21

~ÃÌÛ¼-Óýt�Q~½ÓZO�(Box-Muller Method),

275

Z���(V ega,Vega), 239

���1lx$í
(volatility), 135

���Ãº, 51

ÚÔ��î�rî�r1lx(Brownian Motion), 92

��s�×¼
�, 19

�©�5Åq, 80

"f(�¶ÚÔYUs�&�, 19

[j��(Θ,Theta), 228

��Bjo�ñß� �̀v���(American option), 13

%i���&h����1lx$í
, 135

\P���+þA, 83

�̀v���, 13

ü@������̀v���, 15

0A�-õ�&ñ
(Wiener Process), 89

0A+«>×�æwn�SX�Ò�¦(Risk Neutral Probabil-

ity), 251

Ä»�Qx���� �̀v���(European option), 13

Ä»ô�Ç	�ì�rZO� (Finite Difference Method),

141

s�¢̧_� �Ð�̧&ñ
o�, 95

s�¢̧_��Ð�̧&ñ
o�(Itô Lemma), 89, 95

���~½Ó 	�ì�r(forward difference), 142

]X���H ]j#Q, 78

&ñ
½©ì�r�í(normal distribution), 89

ÅÒ$3�, 44

×�æ�©�	�ì�r(central difference), 142

b(¦YUÛ¼v� ì�rK�(Cholesky decomposi-

tion), 285

(����{9�, 42

c+t�̀v���(call option), 13

ß¼Ï��ß¼ m�c+t��H (Crank-Nicolson) ~½Ó

ZO�, 158


