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EGFIH'JLKNMPORQTSUJ�VIWYX[Z\S^]/_`K#Z*]ba:Z\S^JLSYcdXeZdSU]b_
f K�cdgTchZdHiJLKic*j#]/JLaIW^K'k:Kic

lnm\]eopK'Zrq5JLKis/X
t�XeaIa7]bmdZ f Kum\KijvFIKim\jvFIKw_yx�M/zC{e|[}�~TK'mvchSU]b_C�d{�O��r][~bK'J��Im\KN{b�b�I�/�T~bK'mvcdS^]/_�m\�'~TSUcd�'K�J�XeS�{b�b�C{�O&{eMPa�XesbK�c

�����i�'�[�I�b�b��� K5Xem\K�SU_CZdK'm\KichZdK f S^_+�`] f K'Wyt*SYch��j#]/_CZdm\]bWIaIm\]b��W^KiJLci� � KNcpZ\V f gLX�chZdmvX[Z\K'sbg���]bm�ZdFIK
Z\m\X f K'm?�*FISYjvF��:SU_+XPchKi_�cdKb�TsbV�Xbm\Xb_CZdK'K�c>s/]T] f a�Kimh��]/mdJ�Xb_�j#K�c>�*F�XeZdKi~bK'm?SYc?ZdFIKNVI_I�T_I][�*_�JL] f K'W7��]bm
Z\FIKrX/cdcdK#Zvc"]e��FISYcv�[FIK'm a7]bmdZh��]/W^SU]�� � Krj#]/_�chS f Kim"ZdFIK5�¡] f K'W�t�SUcd��j']b_CZdm\]bWIa�md]/�IW^KiJ¢X/c X�Zp��]ua�WUX£g/K'mvc
¤ E%mvX f K'mr~/K'mvchV�c5�¡Xbmd�/K#Zv¥�¦'Kimd]b}�cdVIJ�cpZ\]TjvF�XbchZdSYj f S^§7KimdKi_CZdSYXeW�s/XeJLK�a�md]/�IW^KiJ`�Nj']bm\mdK�cha7]b_ f S^_�sLZd]�X
¨ �?]bmvcpZrjiXbcdKb©��?]bm\m\g7ª>ZdFIK�ZdmvX f Kim5jvFI]T]CchK�cGZdmvX f SU_Is�chZdmvX[Z\K's/S^K�cGZd] f Kij#m\KiX/chK�ZdFIK�mdSYch�+Xe_ f ZdFIKimdK'��]bm\K
X/j«Zvc�Xbc�X¬JLSU_IS^JLSU¦'Kimi­nZ\FIK�J�Xbmd�/K#Z�cdg:cpZ\K'J�X[Z\SUjiXeWUW^g®Xbj#Z\c�Xbs/XbS^_�chZ�Z\FIK�SU_CZdK'm\KichZ�]b�*ZdFIK�ZdmvX f Kimi�ncd]
Z\F�X[Z+��K¯j#]/_�chS f Kim°S±Z¡Xbj#Z\c�Xbc+X²J�X[k:S^JLSU¦'Kimi�³EGF�SUc+cpZ\]:jvF�XbchZdSYj¡s/XbJLK¬aIm\]b�IWUK'J�j'Xb_´��K ~TS^Ki��K f
X/cuX¡j#]/_/Z\S^_TVI]/V�ch}8Z\S^JLK�K#kTZ\K'_�cdS^]/_ ]b� f SUc\j#m\K#Z\K#}µZdSUJLKLchZdmvX[Z\K's/S^K�cN��XbcdK f VIa7]b_®aIm\Kic\j#m\S^aIZdSU]b_�cNSYcdcdVIK f
��m\]bJ·¶ X/t	Xe_�XeWUgTcdKic�X[ZPZdFIK+�7K'sbSU_I_ISU_Is¯]e��K�XbjvF¸a7K'm\S^] f �²¹º_»X fIf S^ZdSU]b_%�nZdFIK+SU_IS±Z\SUXbWG~£XbW^V�K�]b��ZdFIK
]/a:ZdSUJ�XeW�a7]bmdZh��]/W^SU]�j'Xb_+�7K�cdK'K'_¡X/c?ZdFIK�JLSU_ISUJLXbW%XeJL]/VI_CZ�]e�"JP]/_IK'g��*FISYjvF+SYc*_IKiK f K f Zd]L�2Xbj'KNZdFIK
�?]bmvchZ a�]CcdcdS^��W^K f XeJ�Xes/Kb� � Krs/S^~/KrXuaIm\]ba7K'm>JLXeZdFIKiJ�X[ZdSYj'XbW�chZ\XeZdK'JLKi_/Z>��]bm�cdV�jvF°XusCXeJLK*aIm\]b�IWUK'J`�
� K¬aIm\][~bK`Z\F�X[Z�ZdFIK�~£XbW^V�K¡��VI_�j#ZdSU]b_¼]b��Z\FISYc�sCXeJLK¡aIm\]b�IWUK'J½SUc°ZdFIK VI_ISY¾CVIK�~TSYcdj']/cdS±Zpg¿ch]/W^V:Z\S^]/_
Z\]�Xb_�ÀrXbJPSUW^Zd]b_:Á:Â/Xbj#]/�IS^}�Ã�}�K'WUW^J�Xe_:ÁC¹pc\XbXbjic>K�¾CV�X[Z\S^]/_��7Xb_ f c\X[Z\SUchÄ�Kic�ZdFIKLÅ5gC_�XeJLSUj�lnm\]bsbmvXeJLJLSU_Is
l mdSU_�j#SUaIWUKb�
Æ¡ÇCÈyÉ\Ê�Ë �[Ì��b� Ä�_�Xe_�j'SUXbW�J�X[ZdF�K'J�X[Z\SUjic'�I]/a:ZdSU]b_+FIK f sbSU_Is��:JL] f KiW�mdSYcd�
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� ����� � � ��]/V�c�_�]bV�c�S^_CZd�imdK�cdcd]b_�c�XeV¸j']b_CZdm��bWUK f V¸m\SUc\¾CVIK f K°JL] f HiW^K/����]/V�c��'ZdV f SU]b_�c�VI_IK
chZdmvX[Z\�'s/S^KP¾/V�S8��Ki_�VI_®j#KimhZvXeSU_�chKi_�ci��s/XemvXe_CZ\S±Z f K��7]b_�_IKic�a7K'md��]bm\JLXb_�j#K�c5¾CVIKiWn¾/V�KPcd]bS^Z�WUKPJP] f HiW^K
¤ S^_�j#]b_�_CV7¥ f K�c�X/j«ZdS^�2c�ch]/V�cºÁ�ohXbj'K'_CZ\c%V:ZdSUW^SYcd�ic f Xe_�c%W^K?a7]bmdZdK#��KiVISUW^WUK f K?j#]/VI~bKimhZ\VImdK/�%��]/V�c�j#]b_�chS f �'m\]b_�c
WUK�aIm\]b��W^HiJPK f Krj#]/_CZdm��bWUK f V°m\SUc\¾CVIK f K�JL] f HiW^K�j#]bJLJLK�VI_�a�md]/�IW^HiJLK f K opKiV�chZd]:jvF�XbchZdSY¾CVIK�� f KiV:k
op]/VIK'V�m\c ¤ ZdmvX f Kimrj#]/_/Z\mdKNJ�XemvjvFI�£¥?K#Z���cd]bJLJLKu_TVIW^WUK�j#]/mdm\Kicda7]b_ f Xb_CZ��LVI_�K�aIm\]eZdK�j«Z\S^]/_ ¨ aISUmdK�jiXbci©^ª
WUK¬Z\m\X f K'm+j#]/_�cpZ\mdV�S±Z`cdX»cpZ\m\XeZd�'s/S^K f K j']bVI~/K'mdZdVIm\K¬a7]bVIm f SUJPSU_TVIK'm`cd]b_¼m\SUc\¾CVIK¬K'Z f ]/_�j�XbsbS^Z�Ki_
JLSU_ISUJPSYcdK'VIm¡­*WUK¡J�XemvjvFI�+XbsbS^ZLcdg:cpZ\�'J�X[Z\SU¾CVIKiJLK'_CZ°j#]b_CZ\mdK+W^K�cLS^_CZ\�'m��#Z\c f V»Z\m\X f K'mLK'Z f ]b_�j`XbsbS^Z
Ki_¸J�X[k:SUJPSYcdK'VIm�����K+aIm\]b�IWUH'JLK f K�opK'V�a�KiV:Z��'Zdm\K�SU_CZdK'm\aIm\�#Z\��j#]/JLJPK�VI_IK�K#kTZdKi_�chSU]b_�K'_¸Z\K'JLa�c
j']b_CZdSU_TV f K�chZdmvX[Z\�'sbSUKic���]/_ f �iKic�cdVIm f Kic�]bV:Z\S^WYcuK'_¸ZdK'JLa�c f SYcdj'mdK'Z�ZdKiWUc�¾/V�K°WUX¬¶ Xbtu��ÅrK°a�W^V�ci�"WUX
~[XbW^KiVImNS^_IS^ZdSYXeWUK f V¯a�]/mhZ\K#��KiVIS^WUWUKP]/a:ZdSUJ�XeWna7K'V:Z �'Zdm\KL~CV�KLj']bJLJLKLWUX`¾CV�Xe_CZ\S±Z\� f © Xbmds/K'_CZ�JLSU_ISUJLXbW^K
_��ij#K�cdc\XeSUm\K*a�]/VIm>�2XbS^m\K*�2X/j#K5XbV:k�aISUmdK�c f ]/JPJ�XbsbKici�"��]bV�c>�'Z\Xe��W^SYcdcd]b_�c VI_IKr��]bm\J�VIWYX[Z\S^]/_�mdSUsb]/VIm\K'V�cdK
f V�aIm\]b�IWUH'JLK f K�opK'V��:K'Z?aIm\]bV�~b]b_�c�¾CVIK�WUX���]b_�j#ZdSU]b_+~[XeWUK'VImGj#]/mdm\Kicda�]/_ f Xb_/Z\K�KichZGW8© VI_ISY¾CVIKuch]/W^V:Z\S^]/_
f K�~TSUc\j#]CchS^Zd� f © VI_IK���¾CV�X[Z\S^]/_ f © ÀrXeJLSUW±Z\]b_TÁIÂbX/j#]/�IS Á:Ã?K'WUW^J�Xe_:ÁC¹pc\XbXbjic'�%K#ZPc\X[Z\SUch�2XeS^Z�WUK�a�mdSU_�j#SUa7K f K
a�md]/sbmvXeJLJ�X[ZdSU]b_ f gT_�XeJLSY¾/V�Kb�
!³Ë ��� É �#" � �+� J�X[Z\FI�'J�X[Z\SU¾CVIK�c?Ä�_�Xb_�j#SUH'm\Kici�:j#]bV�~bK'mdZdV�mdK f © ]ba:Z\S^]/_��Im\SUc\¾CVIK f KuJP] f HiW^K
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¹º_�ZdFISYcG_I]bZdK���K f Kic\j#m\S^�7K5ZdFIK�Ä�_�Xb_�j#SYXeWychZdmvX[ZdKisbgL�*FISYjvF�X�ZdmvX f Kim?jiXe_���]bWUW^][�´SU_�]/m f Kim>Z\]�J�Xb_�Xes/K
F�SUc«�£FIKimGJP] f KiW�m\SUcd�y�
QTV�aIa�]CchK�ZdF�XeZ>ZdF�K*ZdmvX f Kim aIm\Kij'SUcdK'WUg!�"���$#%��Z\FIKrJL] f KiWI��]bWUWU][��K f �Tg�ZdFIK5mdK�XeWIJ�Xbmd�/K#Zi�CXe_ f Z\F�X[Z

Z\FISYc�JL] f K'W�SUc�sbSU~bKi_®�Cg®X�cdg:cpZ\K'J�]e��chZd]:jvF�XbchZdSYj f S^§yK'm\K'_CZdSYXeW�Ki¾CV�X[Z\S^]/_�ci�¬EGFIK'_��"SU_�X¬j']bJLaIWUK#ZdK
J�Xbmd�/K#Zi�ecdFIK[�£FIK?SUcnXb�IWUK>Z\]Nj']b_�chZdm\V�j#Z"X�cpZ\m\XeZdKisbgu�*FISYjvF�a7K'md��Kij#ZdWUg�FIK f sbKic�Z\FIKG]ba:Z\S^]/_���&�]bmn]/a:ZdSU]b_�c
�*m\S^ZhZdKi_¬]b_ f SUc\j#]/VI_CZ5�7]b_ f ci�ychV�jvF¬Xb_�Xbc\cdVIJLa:ZdSU]b_¡JLKiXb_�c*Z\F�X[Z5ZdFIK�ZdmvX f Kimr�T_I][��cra�Kimh��K�j«ZdWUg+ZdFIK
f Kic\j#m\S^a:Z\S^]/_»]b�NZdFIK¡mvXe_ f ]bJ Ki~b]/W^V:Z\S^]/_»]b�5Z\FIK¡Z\K'm\J chZdm\V�j«Z\VImdK¡]b�5Z\FIK¬SU_CZdK'm\KichZ°mvX[ZdK�c'� EGFISUc°SUc
V�_ImdK�XeWUSUchZdSYj���]bmr~£XbmdSU]bV�cGmdK�Xbcd]b_�ci�:��]bmrK#kIXeJLaIWUKbª WYXbjv��]e� cdV('°j#SUK'_CZrSU_:��]bm\J�X[ZdSU]b_+��m\]bJ	ZdFIK�J�Xbmd�/K#Zi�
jvF�]bSYj#KL]e�?ZdFIK�_TVIJ���Kimu]e�?�2Xbj#Zd]bmvcN�*FISYjvF f mdSU~bKPZdF�K�ZdKimdJ chZdm\V�j#ZdVIm\K�]e�?S^_CZdKimdK�cpZ�mvX[Z\Kici�%jvFI]/SUj'KP]b�
Z\FIK�JL] f KiW^WUS^_�s�chZd]:jvF�XbchZdSYjuaIm\]:j#K�cdcdKici��K�cpZ\S^J�X[Z\Kic5]e�nZ\FIK�a�Xbm\XbJLK#ZdKim\crmdK�¾CVIS^m\K f Z\]°V�cdK�Z\FIK�JL] f KiW8�
j']bJLaIWUK#k:S^Zpg°]e��ZdFIKuK�cpZ\S^J�X[Z\S^]/_�a�md]:j#K f VIm\Kb�:K'Z\je�
� FIKi_²]b_IK�F�Xbc�X+mvX[ZdF�K'm�aIm\Kij'SUcdKLS^_I��]bm\JLXeZdSU]b_¯]b_¯ZdF�K°JL] f K'W ]b�?Z\FIK�J�Xem\�bK'Zi��Z\FIK'_²]/_IK�j'Xb_

ZvXe�/K�X f ~[Xe_CZvXesbK*]b�yZdFIK�m\]b��V�cpZ\_IKic\cn]b�7��]/mdJ�VIWYXeK*]e��Ã?WYXbjv��Xb_ f Q:jvFI]/W^K�c"ZpgTa�K ¤ cdK'K/�bKb� s��U�*)nW�+uXbmd]/VISµ�
ÂbKiXb_T�IWUXb_�jvÁ:lnSYj'¾CVI�-,AQTF�mdKi~bK/. |�07Xe_ f t*]/J�Xesb_�]bWUS1, ¶ Xbmds/S^]/W^V2.^�"340 ¥#� � FIK'_�]/_IKGF�Xbcn]/_IWUg�XN~[XesbV�K
SU_:��]/mdJ�X[Z\S^]/_u]b_uZ\FIK>JL] f KiW/]b�:ZdFIK?J�Xem\�bK#Z���jiXe_�]/_IKnÄ�_ f X�chZdmvX[Z\K'sbg/�£�*FISUjvF%��SU_�X5chKi_�chK/�£sbV�Xbm\Xb_/Z\K'K�c
Z\]bWUK'mvXe�IWUKLa�Kimh��]/mdJ�Xb_�j#K�c5�*F�X[ZdKi~bKimNZdFIK�VI_��C_�][�*_¯JL] f KiW SUc�5 E�]¡X fIf mdK�cdc�Z\FISUc�¾/V�KichZdSU]b_²chKi~bKim\XbW
XbV:ZdF�]bmvcnF�X£~bKGaIm\]ba7]/cdK f cdVIa7K'mhÁCm\K'aIWUSUjiX[Z\S^]/_�Z\KijvFI_�SU¾CVIK�c'ª�chKiKb�CKb� s��U��6�~bK'WUWYXe_IK f XI�87�K'~Tg9,Al"Xbm\X/c-. {�0µ�
6�~bKiW^WYXe_�K f X:, l"XemvXbc2. z$0µ�?E%]/VI¦'S/.U�";�0rXb_ f m\K#��KimdKi_�j#K�c�Z\FIK'm\K'SU_��¿À�K'm\K+��K`X f ]/a:Z�X ¨ ��]/m\chZ�j'XbcdKb©
chZd]:jvF�X/cpZ\SUj5s/XbJLKNXbaIaIm\]/X/jvF��*FISYjvF+jiXe_+��K�cdVIJLJ�Xem\S^¦iK f Xbc?��]/W^WU][��c'ª

E%mvX f Kim=< �`SU_ISUJPSU¦'Kim�]e�"t*SYch�y�
�¡Xbmd�/K#Z=< �¡Xek:S^JLSU¦'K'm*]b��t*SYcd�7�

E�m\X f K'mG~:cr�¡Xbmd�/K#Z��
� K®S^_CZ\md] f V�j'K X¿j#]CcpZ+��VI_�j#ZdSU]b_A�*FISUjvF f K�cdj'mdSU��K�c°Z\FIK®mdSYcd� �2Xbj#K f �Tg ZdF�K Z\m\X f K'm�� ¹º_�chZdK�X f ]b�
cdVIaIa7]/cdSU_Is�Z\F�X[ZuZ\FIKPZdmvX f KimN�C_�][��crZ\FIK�K#kIX/j«ZNJP] f KiW"��]bWUW^][�?K f �Tg¡ZdFIK�m\KiXbW"JLXbmd�/K#Z�����K�Xbc\cdVIJLK
Z\F�X[Z�ZdF�K�Z\m\X f K'm��T_I][��c%ZdF�XeZ�Z\FIK*j#]/mdm\Kij#Z�JL] f K'WT]e��ZdFIKGJ�Xem\�bK'Z��7K'WU]b_IsCc%Z\]�X5�*S f K?j'WUX/cdc�]b��JL] f K'WYc'�
EGF�K�ZdmvX f K'm�jvF�]C]CchK�c"ZdmvX f S^_Is�cpZ\m\XeZdK's/S^K�cn��m\]bJ X�cdK#Z?]e�%X f JPSYc\chSU�IWUK5chZdmvX[ZdKisbSUKic"Z\] f K�j#m\KiX/chKGZ\FIK5m\SYch�
Xb_ f ZdFIKimdK'��]bm\K*Xbj«Zvc Xbc>XNJPSU_ISUJLS^¦iK'm ]b��Z\FIK�m\SUcd�y­b]b_PZ\FIK�]eZ\FIK'm>F�Xe_ f �b�?K�chVIa�a�]CchKGZ\F�X[ZnZ\FIK�J�Xem\�bK'Z
cdg:cpZ\K'J�X[Z\SUjiXeWUW^g���KiF�X£~bK�c�Xbs/XbS^_�chZ"ZdFIK*SU_CZdKimdK�cpZ ]b��Z\FIKGZdmvX f Kimi�/Xe_ f ZdF�K'm\K#��]bm\K?��K�j']b_�cdS f K'mnS^Z>Xbj«Zvc Xbc
X�JLXek:S^JLSU¦'K'm�]e�yZdF�Krm\SUcd�y��EGFTV�c>ZdFIK5JL] f K'W�m\SYch�Lj#]/_/Z\md]/WIaIm\]b�IWUK'J j'Xb_���K�chK'Z�VIa�Xbc>XuZp��]�a�WUX£g/K'mvc
¤ E%mvX f K'm�~bK'mvcdV�c��¡Xbmd�/K#Z«¥�¦'Kimd]b}�cdVIJwchZd]:jvF�XbchZdSYj f S±§yK'm\K'_CZdSYXeWCs/XbJLK�aIm\]b��W^KiJ<Xb_ f Z\FIKGj#]bm\m\Kicda�]/_ f SU_Is
chZdmvX[Z\K's/S^K�c'�7S^_ X�cdK'_�cdKb�yXem\K�j']b_CZdSU_TVI]bV�cp}µZdSUJLK�~bKim\cdS^]/_�c�]b� f SYcdj'mdK'ZdK#}µZdSUJLK�a�md]:j#K f VIm\Kicr��XbcdK f V�a�]/_
a�mdK�cdj'mdSUa:ZdSU]b_�c�SYc\chVIK f ��m\]bJ	¶ Xbt<Xe_�XbW^g:cdKicGX[Z*Z\FIKN��KisbSU_I_ISU_Is�]e��KiX/jvF�a7K'm\S^] f �
¹º_�QTKij#ZdSU]b_�{:�e�?K?S^_CZdm\] f V�j'K�]/VIm���m\XbJPKi��]/md�yªyZ\FIK*JLSUc\cha7Kij'S±Ä�K f JP] f KiWT��]bm�ZdF�KGX/cdcdK#Z"aIm\SUj'Kic"Xe_ f

]/VIm f K#Ä�_IS±Z\S^]/_�]b��JL] f K'W�m\SYch�y�"¹º_`Q:Kij«Z\S^]/_+z��T��KuchZ\X[Z\K�ZdFIKuchZd]:jvF�XbchZdSYj f S±§yK'm\K'_CZ\SUXbW7sCXeJLKNaIm\]b�IWUK'J
�*F�SUjvF�SYc%ZdFIK��bK'g5Zd]T]/W/]b�I]bVIm�XeaIaIm\]/X/jvF�­£��K�chWUS^s/FCZdWUg�K'kTZdK'_ f mdK�chV�W±Zvc��Tg>&�WUK'JLSU_Is?,¼Q:]bVIsCXe_IS f SYc@.U�i�"0
Z\]LaImd][~/K�Z\F�X[ZGZdF�K�~[XbW^VIK���VI_�j«ZdSU]b_+]e��ZdFISYcGs/XbJLK5aIm\]b��W^KiJ SUc�Z\FIKuVI_ISY¾CVIKN~CSYc\j#]/cdS^ZpgLcd]bWUV:Z\S^]/_°Zd]�Xb_
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Model Risk Problem: The value function corresponding to a call option
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