
Huynh, Kim; Kervella, Pierre; Zheng, Jun

Working Paper

Estimating state-price densities with nonparametric
regression

SFB 373 Discussion Paper, No. 2002,40

Provided in Cooperation with:
Collaborative Research Center 373: Quantification and Simulation of Economic Processes,
Humboldt University Berlin

Suggested Citation: Huynh, Kim; Kervella, Pierre; Zheng, Jun (2002) : Estimating state-price densities
with nonparametric regression, SFB 373 Discussion Paper, No. 2002,40, Humboldt University of
Berlin, Interdisciplinary Research Project 373: Quantification and Simulation of Economic Processes,
Berlin,
https://nbn-resolving.de/urn:nbn:de:kobv:11-10048980

This Version is available at:
https://hdl.handle.net/10419/65344

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://nbn-resolving.de/urn:nbn:de:kobv:11-10048980%0A
https://hdl.handle.net/10419/65344
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


���������
	�����
�������	���������������� �!�"
����#�����$�&%'�#��(
)+* 
-,�	.��	/�
�0�����1�324�"�5���$����� * 


6-798;:=<?>?@�A0BDCFE/7HGJI�IKGL6-GJI�MNGJOHOQPRPS@�TVUS<�@VW�A�GJ@�X

Y Z 
[��� *F\L] ����� * 


^`_�acbedgfghcbedi_=j�fkamli_1hcnporqN_�a[fsambutwvxnmokyzawt1_=or{"b}|~{Doiamj�fghcbeoi|�hmo�_1��hcacfit#h�hmvz_�j�fraclk_�h�� n
_1�~�S_�t1hcfghcbeoi|�n�ok{Shcvz_0{Dy~hcyzam_"�zambut1_"or{�fr|�fkncn�_�h����"nmbe|��.ok�~hcbeoi|��zambut1_Kn��kok|z_�j�f��p�z_�acbedi_
hmv�_p��vzoi�e_�acb}nmlJ�9|z_�y~hmawfr�?�zacok��fk�zbe�}beh����~bun�hmacbe�zyzhmb}ok|�ok{�hmv�_pyz|��~_�ac�e��b}|z�=finmnm_1h��zacb}t�_pfgh
hmv�_.j[frhmyzacbeh����zfghc_�or{�hmvz_.oi�~hmb}ok|�n����`|�t1_�hcvzb}n"�~b}n�hmacb}�zy~hmb}ok|�fr�unmo[t�fr�}�e_K����hcfghc_1����acb}t�_
^`_�|�nmb�h�� �H�~�¡^�¢.b}n._Kn�hcbej�frhm_��£�?beh5j�f���nm_�acdk_�{Doka/��ambut1b}|z��|z_��.��t1oij[�z�e_��soia.be�}�ebu¤Jyzbu�
�~_�amb}dgfghmb}dk_.nm_�t�yzambehmb}_�n��
¥0vz_�am_�_���bun�h�|�yzj[_�acoky�n�j�_�hmvzo~�zn�hmo/ac_�t�ogdk_�a�hmvz_��~��^¦_�j[�zb}ambut�fk�e�}�k��¥0vz_��[t�fk|���_

nm_���fkacfrhm_���be|�h���o�t1�ufkncn�_Kn�§

¨ j�_�hmvzo~�zn0y�n�b}|z��ok�zhmb}ok|��zambut1_Kn�fkn0bu�~_�|Jhcb�{D��b}|z�Ft1oi|��~behmb}ok|�n

¨ j�_�hmvzo~�zn�y�nmb}|z�Fhcvz_�nm_�t�ok|����~_�acbedgfrhmb}dk_5ok{�hmv�_�t�fr�}�?�zacbut1b}|z��{Dy�|�t#hcbeoi|���behmv�ac_1�
n��S_�t1h�hmo�©
¥0vz_`ª�awn�h$t1�ufkncn¡be|�t��ey��~_�n0j[_1hcvzo~�zn0��vzbutwv�t�ok|�nmbun�h0be|�_�n�hmb}j�fghcbe|z�phmv�_���frawfrj[_1hc_�awn

or{�f�j[b���hcyzam_�ok{��eoi�r�Q|zokacj�fr�~�~_�|�n�behmb}_�n�hco.j�fghctwv�hcvz_$ok��n�_�amdi_��/oi�~hmb}ok|[�zacbut1_�n��i«L_��}b}twl
fr|��¬¥0vzokj�fkns��­K®k®J¯k¢#�±°"|zorhcvz_�a=��oi�zyz�ufra=fk�z�zacoifitwv b}|¬hcvzb}n�t1�ufkncn�bunFhcvz_�b}j[�z�}be_K�
�zb}|zokj[bufr��hmac_�_Kn5j[_�hmvzo~����n�_�_=²�yz��be|�n�hm_�be|³��­K®k®k´J¢#��^`_�acj�fr| fr|��xµ.fr|zb���­K®k®r´�¢/fk|��
¶5·fkac�z�e_�fr|��¹¸Sv�_�|z�º�H»r¼i¼i»i¢#��°"|zorhcvz_�aphm_Ktwvz|zbu¤iy�_�bun5��fin�_K�½ok|R�}_�fkam|�be|z��|z_1h���okacl~n
nmyz�k�i_�n�hm_��¾�J�¬¶"y~hctwvzb}|�nmok|£��¿£o fr|�����ok�k�ibeo¾��­�®i®r´J¢1�"fR|�ok|z��fkacfkj[_1hmacbutLfr�z��amoJfktwv
y�nmbe|��[fka�hcb�ªSt1bufr��|z_�yzacfk��|z_1h���okacl~n���awfk�~bufr�N��fin�bun�{Dyz|�t1hmb}ok|�n���fk|����zamokÀ�_�t1hmb}ok|���yzacnmyzbehcn��
¥0vz_�n�_Kt1ok|��Lt1�ufkncn"ok{�j[_1hcvzo~�zn�b}n`��fknm_��Lok|Lhcvz_�am_Kn�yz�eh`ok{¡Á�am_�_��~_�|�fr|��L¿£behmÂ�_�|~�

�S_�ac�k_�a[��­K®J¯rÃi¢#��¥0vzbun�j�_�hmvzo~�~oi�eoi�k��bun`��fknm_��-oi|sÄ�y�amoi��_Kfr|Loi�~hmb}ok|�n`��behmv�b}�~_�|Jhmbut�fr�
hmb}j[_�hmo�j�fghmy�ambeh��k��beh.j[f���hcvz_�ac_1{Doiam_��S_[fk�z�z�}be_K�-hco={D_��¡_�a.t�fknm_�n`hcv�fr|�n�oij�_�or{¡hmvz_
hm_Ktwvz|zbu¤Jyz_�n5be|½hcvz_�ª�awn�h�t1�ufkncn���«-okac_�ogdi_�aK�£b�h�fr�un�oLfinmnmyzj[_�n/f�t1ok|Jhcbe|�yzyzjÅor{$n�hmacbeli_
�zacb}t�_�n¡ok|�Æ�Ç¦��vzbutwv=t�fk|F|zokh��S_"{Doiyz|��=ok|�fk|��[n�hmo~twl�_��~twv�fr|z�i_k��È�|��~_�_K����hmvz_�n�hmacbeli_
�zacb}t�_�n�frac_[fr�}��f��~n��~b}nct1ac_1hc_��}��nm��fkt�_��Loi|�f�ª�|zbehm_�awfr|��k_pfkamoiyz|��Lhmvz_�fkt1hmy�fk��yz|��~_�a��
�}�Jb}|z���zacb}t�_k�/¶$_�|�t1_i��hmo�v�fk|��~�}_5hcvzb}n��zacok���e_�jÉfr|�b}|Jhm_�am�Sok�ufghcbeoi|Lor{¡hmvz_[t�fk�e���zacb}t�be|��
{Dyz|�t1hmb}ok|sbe|�nmbu�~_/hcvz_5awfr|z�i_5fr|��-_1��hmawfr�Sok�ufghcbeoi|-oky~hwn�bu�~_pj[f����S_p�S_�am{Dokacj[_����`È�|-hmvz_
{Dok�}�}og��be|z���rf�n�_�j�b}��fkacfkj�_�hmacb}t�hm_Ktwvz|zbu¤Jyz_0y�n�b}|z��|zoi|z��frawfrj[_�hmacb}t¡am_��kac_�ncn�b}ok|5or{�hcvz_0bej��
�z�}be_K�-dkoi�}frhmb}�ebeh��=nmyzam{Êfkt�_.��be�}���S_5b}|Jhmaco��zy�t1_K��hmoF�zacogd�b}�z_�hmvzbun"b}|Jhm_�am�Sok�ufghcbeoi|=hwfknmlN�0°
|z_��Ëfr���zamoJfktwvsy�n�b}|z�-t1oi|�n�hmawfrb}|z_����e_Kfkn�h�nc¤Jy�frac_�n�v�fin���_�_�|½n�yz�i�k_Kn�hc_��s�J�LÌ�fghctwv�_��
fr|��=¶p·fraw�~�e_F�9»r¼i¼i»k¢��zy~h$��b}�}�£|zorh��S_._1�~�z�}okac_��=vz_�ac_k�
¥0vz_�t1oi|�t1_��~h�or{N°$acamog�0��^"_��zac_�ypnm_�t�yzacb�hcbe_Kn�b}n�hcvz_��zyzb}�}�zbe|z���z�}o~twl.{Doka�hcvz_$fr|�fr�}��nmbun

or{N_�t�ok|zoij[b}t�_�¤Jyzb}�}be�zacb}yzj±yz|��z_�a�yz|�t1_�amhcfkbe|Jh��i�?²�yz��be|�n�hm_�be|L��­�®�¯gÍi¢?fr|���¿�y�t�fin���­K®J¯gÃJ¢
y�nm_���hcvzb}n¡t1oi|�t1_��~h¡fkn�f.��fknmbun�hmo5t�ok|�n�hmacy�t1h¡�~��|�frj[but0�k_�|z_�awfr�z_K¤Jyzbe�}b}�zamb}yzjÎj[o��z_��un�b}|
okaw�~_�a"hco=�~_�hm_�acj[be|�_5hcvz_p��ambut1_�or{¡finmnm_1hwn"b}|sfk|L_�t�ok|zoij5�i��¥0v�_�t�_�|Jhmawfr��b}�z_�fFok{�hmv�b}n
j[_1hcvzo~�~ok�}ok�i��bun/hcv�fghphmvz_=�zambut1_�or{$f�ª�|�fk|�t1bufr�0nm_�t1y�ambeh���bun5_K¤Jy�fr��hmo-hcvz_�_����S_�t1hm_K�
|z_�h��zac_�nm_�|Jh�d�fk�ey�_"or{£behcn¡{Dy~hcyzac_"��f��iorq�n�yz|��z_�a�hmvz_`ambunmli�Q|z_�y~hmawfr���zamoi��fr��be�}b�h����~_�|�nmb�h��
{Dyz|�t1hmb}ok|R�H��^�Ï�¢1��¥0vz_.|�_1h"�zac_�nm_�|Jh�dgfr�}yz_/bun$t�fk�}t�yz�ufghm_K��y�n�b}|z�[hmv�_/ambunmli�9{Dac_�_�be|Jhc_�ac_�n�h
awfghm_i�i��v�be�}_$hcvz_"_����S_�t1hcfrhmb}ok|Fbun�hwfrlk_�|F��behmvFac_�nm��_Kt#h�hco/hcvz_"��_�b}�kvJhm_K���Qj[fkam�ibe|�fr�e�9awfghc_1�
or{Ð��nmyz��n�hmbehmy~hcbeoi|��¡^`Ï�ok{�hcvz_.��f��kokqNn���¥0vz_��}frh�hm_�a0hm_�amjÑbun�l�|zog��|�fin¡hmvz_.n�hcfghc_1�Q�zacb}t�_
ÒmÓ�Ô�Õ�Õ�Öi× Ø�Ù�Ö�Ú Û1Õ�Ü9Ø9Ú ÝÐÞ

­



ß~à�á�â�ãeä�å½æHç~è¡é�ê1ë�ìcã}âmíJî9ázà�ï~ämìwðrñ£è¡é`ò�ë�ókì$àKôiï�ãeõgðrñ}à�áJä$ö�ðrìmämã}áz÷Jðrñ}à.ö�àKðkâmïzìcàkø¡ù0ú�à/ûzìcã}ü�à
órý�ð5âmà�ü1ï�ìmãeä�å�ðgä�äcãeö[à�þ"æÊÿ���ê���ã�äcú=ð5âmã}áz÷kñ}à"ñ}ã}ôJïzãußzðrämã}óká=ß�ðgämà��¾ðrá�ßFû�ð�åió��	�5æ�

�?ê�ã}â
ämú�à�á
�

ÿ�������������� �����! �#" �5æ�
$��ê&%
����������� ����')(� ( �/æ*
$�?ê,+  � æ*
$��ê.-#
$� æ./Kê
��úzà�ìmà0�1 � ãuâ�ämú�à`ü1óiá�ß~ãeämã}óká�ðkñzà32~ûSà�ü1äcðgäcãeóiá�÷kã}õkà�ápäcúzà"ã}á~ýDóiìmö�ðgäcãeóiá�â�à�ä¡ã}á�þ�ï�á�ß~à�ì�ämúzà
à�ôJïzã}õgðrñ}à�áJä.ö�ðrìmämã}áz÷iðkñeàpûzìmó�4�ð�4�ãeñ}ã�ä�åië�
 � ã}â�äcúzà�â�äwðgäcà�õgðkìmãuð�4zñ}àkë$5 �&6 � ã}â�äcúzà[ìmãuâ�íJî9ýDìmà�àìwðgämà$ðrä�ämã}ö[à$þ���ãeämú[äcãeö[à�äcó/ö�ðgäcïzìmãeä�å87�ë�ðrá�ß9+  � æ�
 � ê�ãuâ�ämú�à`ç~è�é�ðgä�äcãeö[à$þ�ýDókì�ß�ðgämà�Vû�ð�åkó:�Nâ�ø; ï<4�ãeá�â�ämà�ãeá�æ�/>=:?A@kê¡â�ú�óB�$â�ämú�ðrä$ã�ý�ókázà�ú�ðiâ�ä.�¡ó[óký?äcúzà�ämúzìcà�à�ýDóiñeñ}óB��ãeá�÷�û�ãeàKü1à�â0óký
ã}á~ýDókìcö�ðgämã}óká��C ìmà�ûzìmàKâ�à�áJäcðgäcãeõià`ðk÷kà�áJäED â0ûzìcà1ýDà�ìmà�á�ü1àKâC ðkâcâ�à�ä�ûzìcãuü1à/ß~å�á�ðkö�ãuü�â0óiì0ã�äwâ$ßzðgäwðgîQ÷kà�ázà�ìwðgäcãeáz÷pûzìcó�ü�à�âcâC ç~è�é
ämú�à�á�óiázà"ü�ðráFìcà�ü�ógõkà�ì�äcúzà`ämúzã}ìcß£ø�ç~ãeá�ü�à$äcúzà`ðk÷kà�áJäED â�ûzìmà�ýDà�ìcà�á�ü�à�â¡ðrá�ß[äcúzà$äcìmï�à`ßzðräcðgî
÷kà�ázà�ìwðgäcãeá�÷/ûzìcó�ü�à�âcâ¡ðkìmà`ïzází�ázóB��á£ë�ðpázórî�ðrìF4zãeämìwðr÷kà$ðkûzûzìcóiðiüwú�ã}â¡ï�âmà�ß�äcópìcà�ü�ógõkà�ì�ämúzà
ç~è¡é5ø

G HJILKNM�OQP1KNR�SUTVKNWUXZY\[^] _U`aR>SUTcbdOfe>eFg
hjikK�R3lmSU`
n ìmà�à�ß~à�á¬ðrá�ßpo£ãeä,q�à�á#4Sà�ìc÷kà�ìLæ�/>=#rB?iê[âmúzóB� ämú�ðrä�ókázàLü�ðrá ìcà�ûzñ}ã}ü�ðgäcàts$ìcìmóB�0î�é"à>4zìcà�ï
ûzìcã}ü�à�â�ï�â�ã}áz÷�äcúzàsü�óká�ü�à�û~ä�órý\u�vxw�wzy3{�|1}�~*��{FyF���Lóiá���ïzìcókûSà�ðká¾ü�ðkñeñ`ókû~äcãeóiá�â�ø±ù0ú�ã}â
âmûzìmàKðkßpà�áJäcðkãeñuâ�âmà�ñ}ñeã}áz÷�ä.�¡ó.ü�ðrñ}ñ~ókû~äcãeóiá�â�ðgä�à�2�à�ìcü�ã}âmà�ûzìmãuü1à��¹ë:4zïzå�ã}áz÷�ókázà�ü�ðrñ}ñzókû~äcãeóiá
ðgäQ� � �^�����m� ðrá�ß�ðrázókämúzà�ì�ðrä������^�j�p�m�¹ë$��úzà�ìcà9�m� ã}â`ämú�à[â�ämà�û�âmã�q�à4Sà1ä.��à�à�á¾ämúzà�ðkß���ðiü1à�áJä=ü�ðrñ}ñ�â�ämìcã}íkà�â�ø±ù0úzàKâ�à�ýDókïzì=ókû~äcãeóiá�â=ü�óká�â�ämãeämïzämàsð�4zï~ä�äcà�ì,��å
âmûzìmàKðkß�ü1à�áJämà�ìcà�ß�óiáU�¹ø!�Qý�äcúzà.ämà�ìmö[ã}á�ðrñ?ïzá�ß~à�ìmñ}å�ãeá�÷Fðkâcâ�à�ä$õ�ðkñeï�à8
$��ãuâ$à�ôJï�ðkñ�ämók�
ämú�à�á�ämúzà.û�ð�åkó����5æ.� ê¡órý����� óký�âmï�üwú�4zï~ä�äcà�ì,��å=âmûzìcà�ðißzâ�ã}â$ßzà3��ázàKß=ðiâ��

�/æ*
$���F���F�m��êN�¦ÿ�æ�

� ��� ��7��,��� �m�sê�¡ �E¢$£ �¥¤ � � ¤�¦�§� ¨¨¨¨ª©�« ¢ � 6 �E¢$£
�¬/ æ�­kê

��úzà�ìmà
¤ � �J®[æ*
 � ��� �,7<�,�¥�)�§��êN�¯®[æ�
 � ��� ��7<�F�sê°�¤ ¦ �J®[æ�
 � ��� ��7<�F�sêa�¯®[æ�
 � ��� ��7<�F�±���m��ê°²®[æ�
���7<�F�sê�ß~à�á�órämàKâ�äcúzà�ûzìcã}ü�à`óký?ð8��ïzìmóiû�àKðrá�ü�ðrñ}ñ���ã�äcú�ðká=ðkü1ämï�ðkñ�ï�á�ß~à�ìcñ}åJã}áz÷�ûzìcã}ü�à
0ëNð�äcãeö[àpämó�ö�ðrämïzìcã�ä�å�7�ðká�ßLðFâ�ämìcãeíià5ûzìcãuü1à8�¹ø´³$à�ìmàiëSÿ�æ*
 � ��� �,7<�,���F�m�sê�ã}â"ämúzàü1óiìmìcà�âmûSóká�ß~ã}áz÷�ûzìcã}ü�à�órý�ämúzãuâ5âmà�ü�ïzìcã�ä�å¹æ ����¶µ�· ¤ þ�þ.�E5B+�¸º¹�»,¼�5B��½#-�æ����F�m��ê�ê.ðrä.ämã}ö�à�p��7�øs"âa�m� ämà�á�ßzâ�ämó¾q�à�ìcó�ë�ämúzãuâ?âmà�ü�ïzìcã�ä�å´4�àKü1ókö[àKâ�ðráfs"ìmìcóB�0î�é"à>4zìmà�ï.â�àKü1ïzìcã�ä�å`û�ð�å�ãeá�÷/$ãeý�
 � ���4ðká�ß9q�à�ìmó.ã}á�óräcúzà�ì¡â�äwðgämàKâ�ø�s`â�ãeä�ã}â¡ðkâcâ�ï�ö�àKßpämú�ðrä1
 � ú�ðiâ�ð.ü�ókáJämã}á�ïzókï�â

ß~ãuâ�äcìmã¿4zï~äcãeóiá¹ýDï�á�ü#äcãeóiá óiá)ÀN�.ë¡ämúzà�ûzìcó:4�ð�4zã}ñeãeä�å�órý�ðrá�å�÷kã}õkà�á¹ñ}à�õià�ñ�órýÁ
 � ã}âmq�à�ìcó
ðrá�ß�äcú�ï�â�ë�ãeá�äcúzã}â"ü�ðkâmàkëzämúzà.ûzìcãuü1à.órý�ðrá	s"ìmìcóB�0îQé`à�4�ìmà�ï=âmà�ü1ï�ìmãeä�å�ãuâ�q�à�ìmó�ø�³$óB��à�õià�ìKë
ß~ã}õ�ã}ß~ã}áz÷�óiázà�ö�óiìmà�äcãeö[àt4�å)�m�Rë�óká�à-ó:4~äwðrã}á�â�ämúzà-û�ìmãuü1à�órý�æ �Â ����Ã�Ä µ8· ¤ þ�þ.�E5�+�¸�¹

­



Å,Æ�ÇBÈ�É#ÊÌË�Í�ÎFÏmÍ�Ð�Ð9Ñ�ÒÌÓ�Ñ:ÔLÏmÍÖÕ,×>Ò�Ó<ÔØÕFÙ�Ú�Õ,Û<ÜÝÔLÞ�ß,ÜÝà3×UÕF×�Ò�Ó<ÔØÕ,Ù)á
â�Ë�ã$äNÐ.È�å�æ�ç�è é�ê�Ù:ßã$äìëJÍ�íNîzÒ�Óx×>×>Ó$ï
ð Ü¿ñò�ó¾ôÁõ0ö�÷ Ë*ã�ø ù�ú<ùFÍ�ÎFÏmÍ�ÐÏmÍ ûLüüüü ó�ý�þ�ÿ

ëJá â Ë�ã ä Ð.È å�æ�ç�è é�� Ë � Ð� Û<ÜÝÔ�à�Ñ:Ò���×QÞ<ßFÙ��:×>Ó��
	kÔ,×3Õ�ÕFÜ�Ò��§ÕFÛ<×QÞ�Ñ
	�Ù������0Ù:ê�ÕFÛ<Ü¿Ô¾Ò<×�� Ô�×Eà��<ßFÜ Õ�	� � Ë&ã$ä�Ð�ë ö �Ë*Ï§Í�Ð�� Ë�ÏmÍ���� ã$ä���Í � Ð"!�Ë�ã
ä$#�% Í&�¯Ï§Íìù,Í(')ÏmÍ*)�Ð ûÜ¿Ò�Ë � Ð Ñ�ÒÌÓ ð ×3Õ,Õ,Ü¿Ò+�\ÏmÍ Õ,×�ÒÌÓ\ÕFÙØÚ<í�îzÒ�Óx×>×>Ó$ï�Ù:Ò<×QÔ,Û<Ù,� ð Ókß,×>ñ9Ñ:ß.-9ÕFÛ�ÑBÕ0/1 Ë�ÏmÍ�Ð2/43 ó65
ò�óó å ò�ó Ë�ÏmÍ&��� ã ä ��Í7� Ð�ÊAã ä ë¬Ë*Ï§Í�Ð � �
î&ê0Ù�Ò<×kà>Ñ�Ò�à�Ù:Ò�Ô�Õ,ß8��à°Õ§Õ,Û<×EÔ�×�9�Ò�Ñ:Ò�à3ÜÝÑ ð Ü¿Ò�Ô.ÕFß.��ñm×>ÒAÕFÔmÙ:Ò�Ñ�à3Ù�ÒAÕ,Ü¿Ò4���<ñ Ù�ê´Ô�ÕFÑ�Õ,×>ÔËºÔ�Õ,ßFÜ:-:×�Þ<ßFÜ¿à�×>Ô ÐaÕ,Û�×�Ò\Ñ�Õ�Ü�Ò+9�Ò<Ü�Õ,× ð 	9Ô�ñØÑ ð¿ð ÏmÍ Ñ8à3Ù:ñ9Þ ð ×3ÕF×0Ô�ÕFÑBÕF×¾Þ<ßFÜ¿à�Ü�Ò��Áê;�<Ò�à°ÕFÜ�Ù�Ò\à�Ñ:Ò��×fÓx×�9�Ò�×>Ó$í< Ù�ß,×>Ù��:×�ßEï:Ñ�Ô1ÏmÍ�Õ,×�ÒÌÓ<Ô!Õ,Ù>=�×�ßFÙ�ï�Õ,Û�Ü¿Ô1Þ<ßFÜ¿à�×?��Ü ð�ð ÕF×�Ò�ÓLÕ,Ù§Õ,Û<×ÁÔ,×>à3Ù�Ò�ÓLÓx×>ß,Ü:�BÑBÕFÜ@��×Ù�êaÕ,Û�×fà�Ñ ð¿ð Þ<ßFÜ¿à�Ü�Ò��§ê;��Ò�à°ÕFÜ�Ù�ÒA��Ü�Õ,ÛUßF×>Ô,ÞÌ×Eà°Õ Õ,Ù9ÕFÛ<×fÔ�Õ,ßFÜ@-�×�Þ�ß,ÜÝà3×Á×��BÑ ð ��Ñ�Õ,×EÓkÑ�Õ�ÍB/

ð Ü¿ñò�ó¾ôÁõ´ö ÷ Ë*ã�ø ù�ú<ùFÍ�Î Ï§Í�ÐÏmÍ û ë ð Ü�ñò�ó¾ôQõDC �2� C �Ë*Ï§Í�Ð��ë E �0F ø ËHG ÐE ÍI� � Ë;JAÐK�L ��Ñ�Õ,Ü¿Ò+�UË � Ð Ñ:Ò�Ó�Ë;JAÐ Ñ�à3ßFÙ�ÔFÔ Ñ ð¿ð Ô.Õ ÑBÕ,×EÔM	#Ü�× ð Ó<ÔN/E �NF ø3Ë�GªÐE ÍO� üüüü ó�ý�þ�ÿ
ë�È å�æ�ç�è é�P á âø Ë*ã ä Ð��Û<×>ß,×fÇ>øRQ P Óx×>Ò<Ù�ÕF×>Ô ÕFÛ<×8ßFÜ¿Ô.-4S�ê�ßF×�×QÜ¿ÒAÕ,×>ß,×EÔ.Õ¾ß ÑBÕF×8ÑBÕ¾ÕFÜ�ñ9×UT6��Ü�Õ,ÛUÕFÜ�ñ9×8Õ,ÙLñØÑBÕ8�<ßFÜ Õ�	�úÑ�ÒÌÓ�á
âø Ë�GªÐ1Óx×�Ò<Ù:Õ,×EÔ1Õ,Û<×ÁßFÜ¿Ô.-4S*Ò<×N�xÕ,ß Ñ ðWV2XZY Ù�ß1Õ,Û<×U[ V2X Ü�ÒAT°í � Û<×�ßF×3ê�Ù�ß,×�ïAÕ,Û<×U[ V2X Ü¿ÔÓx×�9�Ò<×>ÓUÑ�Ô�/ á âø Ë�ã ä Ð�ëJÈ æ�ç�è é�P E �0F ø3Ë�GªÐE Í � üüüü ó�ý�þ ÿ

� Ë]\:Ð� Û<ÜÝÔfñ9×3ÕFÛ<ÙxÓ�à3Ù�Ò�Ô�Õ,Ü�Õ.�xÕF×>ÔmÑ	Ò<Ù�SzÑ�ß8�<Ü�Õ,ß Ñ���×9Ñ:Þ<Þ<ßFÙ�Ñ�à ÛìÕFÙìßF×>à3Ù���×�ßÁÕFÛ<×�[ V2X í_^¾ÙìÑ�Ô�SÔ.�<ñ9ÞxÕ,Ü¿Ù:Ò�Ù:Ò�ÕFÛ<×`�<Ò�Óx×>ß ð 	#Ü�Ò��tÑ:ÔFÔ�×�ÕQÓ+	AÒÌÑ�ñ9Ü¿à>ÔQÑ�ßF×9ß,× L ��Ü�ßF×>Ó$í V ß,×�ê�×�ßF×�Ò�à�×>ÔÁÑ�ßF×9Ò<Ù�ÕßF×>Ô�Õ,ßFÜ¿à3Õ,×>Ó�Ô,Ü�Ò�à�×mÕ,Û<×ØÒ<Ù,S&Ñ:ß.��Ü ÕFßFÑ,�:×8ñ9×�Õ,Û<ÙxÓ�Ù:Ò ð 	ìÑ�Ô,Ô.�<ñ9×>Ô�ßFÜ¿Ô.-4S*Ò<×N�xÕ,ß Ñ ð Ü�Õ�	*��Ü ÕFÛ�ßF×�SÔ,ÞÌ×Eà°Õ0ÕFÙØÕ,Û�×a�<Ò�Ó<×�ß ð 	#Ü¿Ò+�\Ñ:ÔFÔ,×3Õ>í � Û�×fÙ:Ò ð 	�ß,× L ��Ü�ßF×�ñ9×�ÒAÕ Ô�ê�Ù:ß0Õ,Û<ÜÝÔ´ñm×�Õ,Û<ÙxÓtÑ:ß,×ÁÕFÛ�ÑBÕñØÑ�ß8-:×�ÕFÔQÑ�ßF×9ÞÌ×>ß�ê�×Eà°ÕkËºÜ�í ×:íkÒ<ÙtÔFÑ ð ×>ÔÁßF×>Ô�Õ,ßFÜ¿à3Õ,Ü¿Ù:Ò�Ô>ï
ÕFßFÑ:Ò�Ô,Ñ�à°ÕFÜ�Ù�Ò�ÔÁà3Ù�Ô�ÕFÔfÙ:ßÁÕFÑ�bx×>ÔfÑ:Ò�ÓÕ,ÛÌÑBÕ�Ñ,�:×�ÒAÕ Ô
Ñ�ßF×�Ñ�� ð ×�ÕFÙc��Ù:ßFß,Ù���ÑBÕ
ÕFÛ<×�ßFÜ¿Ô.-4S�ê�ßF×�×NÜ¿ÒAÕ,×�ßF×>Ô�Õ�ß ÑBÕF×EÐ$Ñ:Ò�Ó�Õ,Û�Ñ�Õ F Ë�GªÐ$ÜÝÔ$Õ���ÜÝà3×ÓxÜ@��×>ß,×>ÒAÕ,ÜÝÑ�� ð ×:í � Û<×0ÔFÑ�ñ9×�ßF×>Ô.� ð Õ�à>Ñ�Òd��×¾Ù,�xÕ Ñ�Ü¿Ò<×>Ó>�
	§Ó<Üe��×�ßF×�ÒAÕ,ÜÝÑBÕFÜ�Ò��LË � ÐNÕ���Ü¿à�×6��Ü ÕFÛßF×>Ô,ÞÌ×Eà°Õ Õ,ÙLÍ ÑBê ÕF×�ß¾Ô,×3Õ,Õ,Ü¿Ò+�9ê�Ù:ßZ�JÕFÛ<×fà�Ñ ð�ð Þ�Ñ
	�Ù��	ê;�<ÒÌà°Õ,Ü¿Ù:ÒO�8Ë�ã ä Ð�ë¬Ë*ã ä ��Í�Ð 5 ífMgHh i$j�kml�n�oqpMlsrct�jHuwv7pyx�z� Û<×6{ ð Ñ�à|-4S}[xà Û�Ù ð ×>Ô�à>Ñ ð¿ð Ù:ÞxÕFÜ�Ù�Ò8Þ<ßFÜÝà3Ü¿Ò+��ê�Ù:ßFña� ð Ñ0ÜÝÔNÓ��<×1Õ,Ù~{ ð Ñ:à|-fÑ�ÒÌÓ>[xà Û�Ù ð ×>Ô Ë �0�4��� ÐÑ�ÒÌÓ < ×>ß�ÕFÙ:ÒpË �0�4��� Ð°ímîzÒìÕFÛ<ÜÝÔQñ9Ù#Ó<× ð Õ,Û�×�ßF×9Ñ:ß,×9Ò<Ù	Ñ�Ô,Ô.�<ñ9ÞxÕ,Ü¿Ù:ÒÌÔ´ßF×��AÑ�ß ÓxÜ¿Ò+�\Þ<ßF×3ê�×>ßHS×�ÒÌà3×>Ô>ï:ß ÑBÕFÛ<×�ß�Ü Õ�ßF× ð Ü¿×>Ô�Ù�ÒØÒ<Ù�SzÑ�ß8�<Ü�Õ,ß Ñ��:× à3Ù�Ò�ÓxÜ�Õ,Ü¿Ù:Ò�Ô�Ñ�Ò�ÓØÑ�Ô,Ô.�<ñ9×>ÔNÕFÛ�ÑBÕ�Õ,Û<×¾×N�:Ù ð �xÕFÜ�Ù�Ò�



���y�.�����+�����N�.�:�
�@�����,�8�H���U�+�.�������W�c�;�,�:�:���c�U���,�N�,�d���8�.���d�2�8���6�+�������d���.�:�,�$�������+�0��.���.�q�+�,� � ���������� �q ¢¡¤£W�
¥ ��¦ §©¨qª« �N�.� � ���������.�0�y�.�+�U�+�.�@�¬�?����� £ �.�+�~­q�,�����.�:�:�e�����q�.�.�+�d�N���.�d®¯�U���q�����|���4�N°± �+�������,�@�4�8�:�N���2�;�,�8�a�+���*�;�q�a�8�+���+�.�����A�:�   �,�Z�I�N���:�M�,���8�@�q�¤�6�e�8�7�O�.�N�.�d�:������+���.�~² �  w¡¤³W´ �`���8�.�:µ,�~���.�����U¶ ´ �����+���+���8�@�
�:�+�`�+�8�:���a� � ´ �d�8�:�.µ4·]�;�8���¸�|���.�~¹ �Rº » ´ ����q�4�.�:�4���,���6���:­
�:�+�����A�
�@�N�:�A¼��Rº » ´ �������>­,�q�:���.�:�@�@��� £_´ ����½¾2¿_À § ���|Á8¶�Á ³ ÁH¹��Rº »+Á.¼��Rº »+Â £ ª � ÃqÄ¯Å�Æ©Ç È�ÉBÊË �`��Ì § �WÍ�Î�¶OÁ.Ï ª.Ð¢Ñ¿_À º � § �WÍ ª � �¢Í� � � Ã Ä¯Ò}Æ©Ç È »4Ó § �
Ô ª Î�¶ Ã Ä¯Å�Æ©Ç È »qÓ § �qÕ ª�6�+�N�.� Ó §�Ö×ª ���M�.�+�U�H�8�,���+�,�8���+�,�8�`���¢�����a�+�����8�@­q�¸�+�:�H�.�8�@®����.�:�,�A�;�+�����.�:�,�*���s���Ô � �@�q� § �W�.Ø�¶ ª ¡ § ¹N�Rº »¸Î�¼��Rº » ¡ ÔÕ £ Õ ª ³£wÙ ³ Á�4Õ � �
Ô Î £ Ù ³ ¦Ú �Û�����,���.�NÜ4�+�N�����a���m�.���>�q�.�.�+�d���.�:�,�s�?�q�*�.�+�Ý�+�����N�.�:�
�@�����,�8�.���Z���.�����Ý�+�.�����N�8��.���d�y���,�|µ4·�Þ��|�+�,�:�N�ÛÞ�ß�àá���¸���:�,�,·â�+�q�.�`�,�ã���N���H�@�����6�@�.�I�>�0��� § ¹ �Rº » ÎB¼ �Rº » Î ÔÕ £ Õ ª ³���s��­����8��������� £ Õ ³ �;�,�6�:�,� § �WÍmØ���� ª ½Ð Ñ¿äÀ º � § � Íäª � Ã Å�Æ©Ç È »¢å
Õ ¾ �å ¶ ÕZææææ ç6è À�é� ê�WÍ Ù ë�ì £ Õ ³ ��Ì
�îí¯Îáï �:�,� § � Í Ø�� �}ª Î § ¹ �Rº » Î�¼ �Rº » Î

ÔÕ £ Õ ª ³
ð Õë £ Õ ³ ñ ¦± �+�~�8�:�.µ`�d�N�q�H�+�8�N�6àZ���@�8� §âòdª �����*ó¸���d�`� §©ôäª ���8�Û�������+�0�A�q��½ò ¿_ÀdõNöR÷� å ¾ ¿äÀå ���ø� Ó § �
Ô ªô ¿_À õ�öR÷� å
Õ ¾ ¿äÀå � Õ� � Ó §

��Ô ª� � £wÙ ³± �+�O�y���,�|µ4·�Þ��|�+�,�:�N��Þ�ß�àù���,��®s�������������:���.�N�ú�:�üûZ�+�@�4ý6�O�s�H�:�+�$�8�+���;�q�@�:���6�@���Ü4�����4�8�@���N½þ¯ÿ
ÿ������ ÿ����qþ�ÿ��	��
�ÿ�
�
�
	������
"ÿ���������
���������0���8�@�`���8�N�y�8�+�U�y�:�q�|µq·�Þ��|�+�q�@�0�yÞ+ß�à± �+���,�.�q�+�d���4�8�U�,�.�>�8�+���H�.�8�@µq�d�+�.�����0� § � ª ´ ���������8�:�4�:�+�*�+�8����� § ÿ ª ´ �8���Hµ4·â�;�.�N�>�:��·�.�N�.�0���¸�|���.� § 
 ª ´ �+�@­
���������O�
�@�N�:�+� § � ��� ª ´ �:�d�+�@�:�N�O­,�q�:���.�:�@�@�������D�8�+�Ý�q���.�:�,� § ÿ�������� ª ´���s���.�+�a�.�:�d�U�.���`���.���.�@��� § ����� ª ° ± �+�a�q���.�����Û���,���.�:�H�?�,�m�.�+�>�2���,�|µ4·�Þ��|�+�q�@�0�cÞ�ß�à§ þ�ÿ
ÿ�����!�"qþ�ÿ ª ´ ò § þ�ÿ4ÿ����#!��%$�&���� ª ´ ���s�*�.��� ô § þ�ÿ
ÿ����#!'�����(��� ª ���m�8�+�>�N���:�_�,���8�@�q����°ßD�:�N�q�H���+���8���8����� ÿ����qþ¯ÿ ���,�B®¯�*���+�+�:�:�N�$�8�I�����`�,���8�@�q���>®4�$�s�H�:�+���8�+�*ßD���.·�)y�,�@����,�.�@���,°« ���y��­q��� ´ �e�m���_�6�:���N�@�aµ4�����6�U�.�s���_�.�+�6�y���,�|µ4·}Þ+�|�+�,�:�N�ä���,�@�
�,�+�.�:�,�Ý�;�,�8�a�+���?���ä�+���­����:�:�����d�+�:�.�����,�@�:�,°+*+�q�Z�d�,�8�Ý�+���8�,�@��� ´ ���@�0�,�.�U�.���;���Z�.�,*+�����,�:���Û���~���â° § ë Ï,Ï ë ª °ÛÞ
�:�����
-



.	/1032547698;:9<�=�8;/�>94?0A@CBD>�E�0�4#8F>�G(.H6�I?G1@J0FBLK�I7M	IN8F6�4�I?MHMH0FO�P1476�M	I?.	I70�@�Q�I?.H@R=�S�TVUWI7474�G�>�.YX 0
8Z>9G1@	I7@[.	0�G9.\UWI?.	/].	/10^E�6_.;6�`ba#>�G @[0Ac9P10FG(.	47d�Qe@	>�BL0L>�.H/�0FM+.H0�8;/�G1I7c(P�0A@Cfg>�MJ0A@�.HI?Bh6_.HI?G1O
.	/10W=�S�TiUWI?.	/�>9P�.�6�G%dJ6�@H@[P1BDK�.	I7>�G1@j>�GY.	/�0kP�G E�0FMH4?d%I7G�O+E�Iml�P1@	I?>9GRK1M	>�8Z0A@	@�/16�n90#X�0F0�G
E�0�n�0F47>�K�0�EbI7Gb.H/�0\4N6�@[.kd90�6�MH@�`

o p3qsrutFvxw\yzwJruqk{jy�tF|}q�~e{�t�r�wC{�tF�R���Y��{z�xq�p3���

�k�[� ���9���	�������	�������������z�[�R� �1�	���[� ��¡£¢ �s�����[¤��
¥ /�05P1@	0�>�f G�>�G�K 6�M;6�BL0Z.HM	IN8zMH0FO�MH0�@H@	I?>9Gs.H>sMH0�8F>_n�0�M�.	/�0W=�S#T¦Uk6�@e§1M;@�.jI?G%n90�@[.	I7O96_.H0�E\X%d
¨5© ª .	<'=�6�/16�47IN6W6�G1EJ«e>R¬[­�®�®9¯9°Z` ¥ /�0Fd+K�MH>�K�>9@	0z.H>�P1@	0�.	/105±s6�E�6�MH6�d(6_<³²]6�.H@	>�G 0A@�.HI?Bh6�.	>�M
.	>�0A@�.HI?Bh6�.	0h.H/�0h/�IN@�.H>�MHI78�6�4�8F6�4?4�K�M	IN8Z0A@Y´#µZ¬�¶·°\6�@\6,fgP1G18£.HI?>9G¸>�fk.	/�0Lfg>94?47>_UWI7G�O¹@�.;6_.H0
n_6�MHI76�X�470�@L¬»º µ;¼H½¹¼[¾1¼[¿Fµ³À Á1¼	ÂFµ³À Á °[Ãk`hÄ+0�M	G�0�4zM	0�O�MH0�@H@[I7>�G @ 6�MH0h6�E�n9>�8F6_.H0�EÅX 0A8F6�P @[0D.	/10FMH0
IN@�G�>JG10F0�ED.H>R@	K 0A8ZI?fgdD6\fgP�G18£.HI?>9G16�41fg>�MHB�6�G1ED.	/10 >�G14?dDM	0Ac(P�I?MH0�EL69@	@	P�BLK�.	I7>�GhIN@z.H/16_.
.	/10hfgP�G18Z.	I7>�G¸IN@J@[BL>%>�.H/¸6�G1EÆE�I?l�0�M	0�G(.	IN6�X�470�Q�Ç ©6�MHE�470¹¬�­A®�®9È9°£`3²�/�0FGÆ.H/�0hM	0�O�MH0�@H@[>9M
E�I7BL0FG1@	I?>9GÅIN@\É�Q�.	/10R0A@�.HI?Bh6_.H>�MCI7@CI7G16�8�8ZP�M;6_.H0YI7GÊK1MH698£.	IN8Z09`\Ç�0FG 8Z0�Q�.	/�0�M	0DI7@+63G�0F0AE
.	>LMH0�E�P 8Z0C.	/�0JE�I?BL0FG @[I7>�Gx>�Mk0Ac9P1I?n_6�470FG(.H4?d3.	/�0+G%P�BYX�0FM >�f�MH0FO9M	0A@	@	>�M;@�`�ËsG�0+BL0Z.H/�>�E
IN@\.	>Ê6�K�K�0�6�4�.	>ÅG�>�<'6�MHX�I?.	M;6�O�0h6�M	O9P�BL0FG(.H@J6�G1E¸8Z>94?4N6�K @[03º µ Q ¿Fµ³À Á 6�G1E ÂFµ³À Á I?G(.H>�.	/�0
fg>�MHUk6�M;EÅK�MHIN8Z0hÌ µJÍ º µ³Î9Ï?Ð[ÑgÒ Ó_Ô�Õ'ÑgÒ ÓAÖ Á I7G]>9MHE�0FM+.	>�0F×�K�M	0A@	@C.H/�038�6�474�K�MHI78FI?G�OxfgP1G18£.HI?>9G
6�@�Ø

´L¬»º µ£¼	½¹¼	¾�¼[¿�µ³À Á�¼	ÂFµ³À Á ° Í ´L¬ÙÌ µ³À Á�¼	½Å¼[¾�¼	¿Fµ³À Á °£Ú ¬ÜÛ�°
¨ GÊ6�4?.	0FMHG16�.	I7n�0Y@	K 0A8ZI?§ 8F6�.	I7>�GÅ69@	@	P�BL0�@ .	/ 6_. .H/�0L8F6�474j>�K�.HI?>9G�fgP�G18Z.	I7>�GÅIN@s/�>�BL>�<

O�0�G�0F>9P1@k>�f�E�0FO9M	0�0+>�G�0+I7G�º�µ�6�G1E ½ ¬Ù69@kI?G,.H/�0J2547698;:9<�=�8;/�>94?0A@�fg>9M	BRP�4N69°5@[>D.H/16_.AØ

´L¬»º µ£¼H½¹¼	¾�¼[¿�µ³À Á�¼	ÂFµ³À Á ° Í�½ ´L¬»º µ	Ý�½¹¼	¾�¼[¿�µ³À Á�¼	ÂFµ³À Á °£Ú ¬Ù¯9°
a#>�BRX�I7G�I?G1O^.	/10L69@	@	P�BLK�.HI?>9G1@C>�fs¬³Û�°s6�G1E¦¬Ù¯9° .H/�0h8F6�474jK�M	IN8ZI7G�ObfgP�G18Z.	I7>�GÆ8F6�GÊX 0

fgP�M	.	/�0�M�MH0�E�P18F0�E3.	>h6RfgP�G18Z.	I7>�G�>�f�.	/�MH0F0\n_6�M	IN6�X�470�@+¬DÞß ÑÙÒ Ó ¼[¾1¼[¿ µ³À Á9°£`¨ G1>�.	/10FM�6�K�K1M	>(6�8;/�IN@,.	>àP1@	0Æ6à@	0FBLI?K 6�M;6�BL0Z.HM	IN8Ê@	K�0�8ZI?§ 8�6_.	I7>�GáX16�@	0�Eâ>�Gá.	/�0
2547698;:(<'=�8;/1>�470�@5I?BLK�47I70�Exn�>9476�.	I74?I?.�d�`#Ç�0FMH0�Q�.	/�0JI7BLK�47I?0AEbn9>�4N6_.HI?47Im.�d,ãÅIN@�BL>�E�0�4?470�Ex6�@ 6
G�>9G�K16�M;6�BL0F.	MHI78 fgP�G18Z.	I7>�G�Q1ãz¬»Ìeµ³À Á ¼	½Å¼[¾ °ZØ

´L¬»º�µ ¼H½¹¼	¾�¼[¿ µ³À Á ¼	Â µ³À Á�° Í ´5ä�åj¬ÙÌ�µ³À Á ¼	½Å¼[¾�¼	¿ µ³À Á�æHãz¬ÙÌ�µ³À Á ¼H½¹¼[¾ °	°£Ú ¬Ù®9°
ç BLK�I7MHI78�6�474?d3.	/�0DI?BLK�47I70�E�n9>�4N6_.	I747Im.�dbfgP�G18Z.	I7>�G¹BL>9@[.	47d�E�0FK�0FG E�@ >9G�.�U5>^K16�M;6�BL0F<

.	0�MH@�Ø5.	/�0Y.	I7BL0J.	>bBh6_.	P1M	I?.�d ¾ 6�G1Ex.H/�0YBL>9G�0Fd%G�0A@	@Cè Í�½,Ý Ì µ³À Á ` ¨ 47BL>9@[.s0Ac9P1I?n_6_<
470FG(.	47d�Q�>9G�0L8F6�GÆ@	0Z.Jè Íêéº µ	Ý_½ UW/10FMH0 éº µ�Í º µ�ëíì 6�G1E ì IN@ .H/�0LK�MH0�@	0FG(.Cn_6�4?P�0
>�f .	/�0xE�I7n(INE�0�G1E�@R.	>ÊX 0xK16�I7E¸X�0Zfg>9M	0b.	/10b0F×%K1I?M;6_.HI?>9G�` ¨ 8£.HP16�474?d9Q�I7Gí.	/10,8�6�@	03>�fC6
E�I7n%I7E�0�G1Ebd(I70F4NE ÂZµ Q�U#0C/16�n90 ìîÍ º µ ¬[­ ëÅÎ9Ô�Õ'Ñ °Z`zï³fe.	/10+E�I?n%INE�0FG1E1@W6�MH0sE�IN@	8FM	0F.	09Q%.	/�0�G
ìVÍ ðµgñ'ò µgó�Á ìDµgñ�Î Ô�Ð ÑgÒ Ó

ñ UW/�0�M	0sô�õ�IN@5.	/10CE�I7n%I7E�0FG1EbK16�d%BL0FG(.kE16_.	0C>�fe.	/�0+ö µÙ÷ E�I?n%INE�0FG E
6�G E ¾ õ I7@WI?.H@kBh6�.	P�MHIm.�d9`

¥ /�0�M	0Ffg>�MH0�Q�.	/10^E�I?BL0�G1@[I7>�G]>�f5.	/10DI7BLK�47I?0AEÊn9>�4N6_.HI?47Im.�d¹fgP�G18£.HI?>9G¸8F6�G]X�0hM	0AE�P18Z0AE
.	>hãz¬ ½,Ý Ì�µ³À Á ¼	¾ °£`�ï'G,.H/�I7@ 8F6�@	0s.	/�0J8�6�474�>�K�.HI?>9G3fgP1G18£.HI?>9G,IN@�Ø

´L¬Üº�µ ¼	½Å¼[¾�¼	¿ µ³À Á ¼HÂ µ³À Á�° Í ´5äjå�¬ÙÌ�µ³À Á ¼H½¹¼	¾�¼[¿ µ³À Á�æ	ãz¬ ½,Ý Ìeµ³À Á ¼	¾ °[°ZÚ ¬[­�È(°

É



øsù1úFû+üLý	þLÿ(ÿ����,û�ý����7þhü��	û\ÿ��	�
���
 � �Nýkÿ����Hü��7ù�û�����û�ý����7þhü��Hû�ýkÿ�� ���� ��
�� � �� ����� �!#"�$&% '�)( " ��* �+� ��,-�!#"�$&% '��( ," �1ü�ù.� �/10� �32)4 "65 798;: ��,��!<"�$6% '�>= ,@? úFü�ùA��ûJúFü�B7ú9C�BNü��	û���DE;FHG IKJMLON�PKQ1L@RMS�TUQWVMXYS�Z�V[L�Q\RMJM]<N�S�Z^V_ ��ûA`�a	û>bY�?ÿcC1ýYý	û�úd���7ÿ�ùe`�aHÿ�`�ÿ9ý	û>�¸ü¹ý	ûFþf�g`1ü�a;ü�þLû9��ah�7úhûAý��h�?þhü��	ÿ�aRÿ��;���1û,ú�ü�BgB^`�ah�7ú9�?ù.i�&C�ù1úd���7ÿ�ùxü�ù.�j����û+ù�ûAúZû�ýHýHü�ahkDý��	û>`1ý��HÿlaHû�úFÿ�b�û>a����1û	mOn�opDYq'ùr�����Nýký[ûAús���7ÿ�ùr����û	�O�7þLûFùOt
ý��?ÿ9ùu�NývaHû>��C1úZû��u�&C�a��h��û9apC1ý��7ù�iw�h��û3ý�C�i�i9û�ý����7ÿ�ùÆÿ��yxWÿ%ÿ�zYB7û9k ��{>|c|~}�� D�xWÿ%ÿ�zYB?û>k�C1ý	û�ý�7ùc�haHüc��ü)kv��ü��HüM�gÿ�azÿ�ù1û5þhü���C�ah����kJü�ù.�Rû�ý����7þLü��	ûAýzü�ù��?þf`�Bg�?û���b�ÿ�BNü��h��Bg����kJý�C�a��Ùü�úFû��y�1û9aHû���1ûv�O�?þLû�ù1ý��7ÿ�ù�ü�a	û�����û �7ù~��a;ü���ü)kf�h�?þLûJü�ù.�A����û\þLÿ�ù1û9k%ù�û�ýHý5ÿ�������û\ÿc`O���7ÿ�ù ý9D� û>a	ûc�9üRý�Bg��ic�~��Bgk��O����û9aHûFù~��þLûd�h��ÿO�j�7ý�C1ý	û>�f�y���Nú���aHû9Bg�?ûAý�ÿ9ù^ü�BgB ý	ûd���hB?û�þLûFù~��`�ah�NúZû�ý
ÿ���ÿc`O���7ÿ�ù ýJÿ���ÿ9ù�û��haHüc�O�7ù�i���ü)k��gÿ�a��O����û9aHûFù~�DþLü���C�ah�����7û�ýp�	ÿÅûAý��h�?þhü��	ûj�h��ûA�7þf`�Bg�?û��b�ÿcB7ü����gB�����k3ý�C�a��Ùü�úZû 
+�H����� ��� 8���� � D�q'ùA�h��ûJý	û�úZÿ9ù.�,ý��Hû9`1�O�h��û�ý	û\û�ý����7þhü��Hû�ý�ü�a	û	C1ý	û>�A�gÿ�a
üvic��b9ûFùj�h�?þLû��	ÿDþhü���C.a�����kf�y���7ú��bþhü)kDù1ÿ��#ù1û�úZûAý	ýHü�ah�gB�kLúZÿca�aHû�ý�` ÿ9ù.���	ÿl���1ûsþhü��hC�ah����k
ÿ���üLý[û>a��7û�ýkÿ���ÿ�`����7ÿ�ù1ý>D _ ���7ý�þDû9����ÿO�,ü�BgB?ÿ���ý5ÿ9ù�û��	ÿ^úZÿ9þf`1ü�aHûM�h��ûpmOn�o�ü��K�O����û>a	û�ùc���ü��	û�ý���û�ú�ü�C1ý	û#ÿ������1û��.�%û��Jþhü��hC�ah����k `�aHÿ�bY�g��û>� �Yk	���1û��#aHý���ý��	û>`1D _ ���7ý��Ný��?ù~�	û>a	ûAý��h�?ù.i���jÿ9ù�û	�5ü�ùc�;ý-�	ÿhý���C.�Okr����ûv��k(ù ü�þf�7ú�ýWü�ù.�A�h��ûJý��;ü����gBg����k^ÿ��\�h��û�ý	û ��ûFù ý������7û�ý>D� ���O�7ù�iK�h��ûkþhü���C.a�����k\ü�BNý[ÿCü�BgB?ÿ���ý\C1ý\�	ÿCû9Bg�?þf�7ù1ü��Hû � �&a	ÿ9þ�����ûký�`�û�ú9����úFü��h�?ÿ9ùYÿ�������û�7þ�`.B��7û>�jb9ÿ�BNü��h��Bg����kp�&C�ù1úd���7ÿ�ù1D+q'ùf�h��ûK�gÿcB�B7ÿ��y�?ù.iv`1ü�a��>���gÿ�a5úZÿ�ùYb9ûFù��7ûFù1úFû�������û���ûd�1ù.���h�?ÿ9ù
ÿ������1û\þDÿ9ù�û9k%ù�ûAý	ý;�NýK�������� ��� ü�ù.�A�#ûv��û�ù�ÿ��Hû	�~k 
 �h��û �7þ�`.B��7û>��b�ÿcB7ü����gB�����k�D _ ��û
ù�ÿ��Hü��h�?ÿ9ù �)� $� )¡ ��¢�¢�¢ �  >£�'�  �¤ ��ûFù�ÿ��	û�ýM���1ûl`1ü�a��h�7ü�B\��û>a��gb_ü��h��b9ûYÿ���/u�y������a	ûAý�`�û�úd�M�Hÿr¥#¦kü�ù.�§ � $� �'§   ����û	�Hÿ��Hü�B1��û9ah�gb�ü����gb�û+ÿ��+/¨�y������aHû�ý�` ûAús�;�	ÿj¥\D© ÿca	û�ÿ�b�û9a����5û C1ý	û�����û	�gÿcB�B7ÿ��y�?ù.i�aHû�ýHúFü�B?û��3ú�ü�BgB�ÿ�`O�h�?ÿ9ùr�&C�ù ús���7ÿ�ùWª« ¦�� � � ¦������ �� ¦�� � �� �� ¦�¬�y��û>a	ûv�-¦��-�Ný-����û `�ah�NúZû+ÿ�������û ­ �6® ÿc`O���7ÿ�ù�ü��;�h�?þLû ¯kü�ù.� � ¦°�Nýy���;ýWý��ha��gz�û	`�ah�NúZû�D_ ��û	aHû�ýHúFü�B7û>�,úFü�B�B�ÿc`O���7ÿ�ùA�&C�ù1úd���7ÿ�ù�úFü�ùA��û\ûd�O`�aHû�ýHý	û>�,ü�ý>ª« ¦��±� « � �e¦��h² 
+� �e¦�� ��� �´³ �6µO¶>�°· 2c¸�4 8 ³ �Hµc¹)��e¦�� �µY¶ � B7ÿ�i � � ¦�� �Wº¼»�½ � º ¶¹ 
+� � ¦�� � ¹c¾ �
+� �e¦�� ��¿ � �µ ¹ � µO¶�·u
+� �e¦�� � ¿ � ¬_ ��û+ý��;ü�ù.�1ü�a��ja��Ný�zDþLûAü�ý�C�a	ûAý�ü�a	ûM����û�ù����1ûM�gÿcB�B7ÿ��y�?ù.ip`1ü�a��h�7ü�B<��û>a��gb_ü��h��b9û�ý � �gÿ�a5ù�ÿ��Hü�t���7ÿ�ù ü�B�úZÿ9ùYb�ûFù.�?û�ù1úZû\ý�C��1ýHúdah��`O�;ýWü�aHû���a	ÿc`�` û�� � ª� �[À �À � ��À �À �� � « � � � 
+� � ���Wº ��¨À «À �� �* �[À �À � ��À ¹ �À � ¹ �[À ¹ �À �� ¹ �¼ÁyÀ «À �� º ��wÀ ¹ «À �� ¹ ¬

Â



ÃyÄ�Å>Æ�Å Ç�ÈÇpÉÊ Ë Ì ÈÌ<Í
Ç ÍÇpÉÊÎËÏÌ ÈÌ.Í ÐÑÓÒÇ�Ô9ÈÇ ÉÊ Ô Ë Ì Ô ÈÌ<Í ÔKÕ ÐÑ3Ö

Ô�×
Ø Ä�ÅlÙ�Ú^ÛÓÜÞÝyßhÄ�Å9à�ßhÄ�ÅpÝ�Å>á9â�à ÌwÌ Å>Æ�Ügã�ä�ßhÜ�ãcÅ â�å�ß�Ä�Å�á9ä�ægæ1âcçOß�Ügâ�à�å&è�à#ásß�Ügâ�àwÃyÜ�ß�Ä�Æ�Å�Ý�ç<Å>ádßß�â�ßhÄ�ÅvÝ�ßhÆ�Ügé�Å	ç�ÆhÜÞádÅ�ê ë1ì�í�î ï Ë@ð)ñ�ò Ç�Ô>óÇ Ñ Ô Ë@ð)ñhò ÉÊ Ç�Ô9ÈÇ Ñ Ô × í

Ð>ô
ï

Ø Ä�Å^á9â�àYã�Å>ÆhÝ�Ügâ�àMÜÞÝ1à.Å9Å Ì Å Ì	õ Å>á9ä�è.Ý�Å È í�î�ï ÜÞÝ õ Å9Ügà�öKÅ�Ý�ßhÜ�÷jä�ßhÅ Ì à�â�ß ó í�î�ïsø Ø Ä�Å�ä�à.ä�ægù~ß�ÜÞá9ä�æÅdúOç�ÆhÅ>ÝhÝ�Ü�âcàrâ�å í Ð�ô
ï Ì Å>ç#Å>à Ì Ýyâcà1êÇ�Ô9ÈÇ Ñ Ô Ë Ì Ô ÈÌ#Í ÔKÕ Í Ñ Ö

Ô�ûýü Ì ÈÌ�Í ÍÑ ÔØ Ä�Å�å&è�à.ádß�Ügâ�à.ä�æ�å&â�Æh÷�â�åÿþ��þ � ÜÞÝ9êÌ ÈÌ.Í Ë ��� í ��� ï Ì ���Ì.Í 	 ð�
 ñ�ò � � í � Ô ïÍ Ì � ÔÌ.Í
û ð�
 ñ�ò � í � Ô ïÍ Ô Ò

í
Ð �
ï

ÃyÄ�Ügæ�Å þ�
��þ � 
 ÜgÝ>ê Ì Ô ÈÌ#Í Ô Ë � � í � � ï�� Ì Ô � �Ì<Í Ô 	 � � Õ Ì � �Ì.Í Ö Ô��	 ð 
 ñhò � � í � Ô ïÍ
� Ì Ô � ÔÌ#Í Ô 	

ü
Í Ì � ÔÌ.Í 	 � Ô Õ Ì � ÔÌ.Í Ö

Ô �
	 ü ð 
 ñ�ò � í � Ô ïÍ��

í
Ð��
ï

Ø Ä�Å��~è.ä�àcßhÜ�ßhÜ�Å�Ý;Ü�à í Ð �
ï ä�à Ì í Ð��

ï ä�ÆhÅ�ä�å&è�à#ásß�Ügâ�à�â�åWß�Ä.Å	å&â�ægæ�â�ÃyÜgà�ö��.Æ�Ý�ß Ì Å>Æ�Ügã�ä�ß�Ügã�Å�Ý9êÌ ���Ì#Í Ë Ç ���Ç Í
û Ç ���Ç�� Ç��Ç Í ÒÌ � ÔÌ#Í Ë Ç � ÔÇ Í
û Ç � ÔÇ�� Ç��Ç Í ÒÇ ���Ç Í Ë Ç � ÔÇ Í Ë ÐÍ � � ! ÒÇ � �Ç�� Ë 	 æ�âcö í Í ï

û#" !� Ô � ! û � !ü ÒÇ � ÔÇ�� Ë 	 æ�âcö í Í ï
û#" !� Ô � ! 	 � !ü ×

$ âcÆ;ß�Ä�Å ÆhÅ9÷jä�Ü�à Ì Å9Æ;â�å�ß�Ä�ÜÞÝyá�Ä.ä�çOß�Å>Æ�%OÃ-Å Ì Å&�.à.Å�ê' Ë � í Í ï Ò' � Ë Ç�� í Í ïÇ Í Ò' � � Ë Ç�Ô(� í Í ïÇ Í Ô
× í

Ð�)
ï

*



+-,/.10325476�8�9:8�9;.�<=9>6@?BA(C�D�4E6GF�?HA�I�D�4EJK<HLMF�.�NG.�65FOL76O8�,/.QPRL�J;J>LTSU9;65V-<W.�X(L765FOF�.�YW9>ZT4T8�9;Z�.PR2/65X&8W9>L765<�[ F5\(]�^F5_ \ ` a A_�b c dfe A_hgji�kbmlng i k k�o c dp a J>L7V�?q_rD gts db \ c d ug i k e p i k J>L7V�?q_rD gts db�v�c d a A_�b \ c d l�w ?HAyx7D
F \ ] \F5_ \ ` a A_�b c dfe A_ gji�kbml a i k k o c dp g J>L7V�?q_rD gts db \ c d ug i k e p i k J>L7V�?q_rD gts db�v�c d a A_�b \ c d l�z ?HA�{3D|=L�X�4EJ/N�L7J>}�6/L7~�9K4EJ5.�<B8�9;~@4E8W9>L76@9K<125<W.�F�8�L�.�<H8W9>~@4T8W.M8W,/.�9;~�N/J>9;.�F�Z7L�J>4E8W9>J;9;8B}�<W~�9;J>.�4765F9;8�<-�5Y�<H8�8BS�L@F�.(Y�9>Zy4E8W9>Z7.�<�9>6#?BA���D��1���5YW9>.&P�.&��N/JK4E654E8W9>L76�SU9;J>J=��.�F�.�<�X&Y�9;��.�F�6/LTS���-�q� ���U���Q���f�����M�������B�Q��� ��¡��W�¢�£¡/�H���¤ L76G<H9KF�.(Y-8�,/.OPRL7J>J>LTSU9;6/V�F/4E8�4�V7.�6/.(Y�4T8�9;6/V�N/Y�L�X&.�<�<�PRL7Y-8�,/.�9>~�N5J;9>.�F�Z7L�J>4E8W9>J;9;8W9>.�<�[b `¦¥ ?§_ w d5D g b ¨7?q_ w d5D�© wSU,/.�YW.fªM?«©7D `­¬/®1¯ 47Y�?R©ED ` A7�°_ w d°4765F#©±47YW.�9;6GF�.(N�.(65F/.(638²4E65F°b ¨ ?´³�µ w d&µTDn9><8W,5.�X(L765F/9:8�9;L�654EJQZT4EY�9K4E65X(.�L7P�btV�9;Z�.(6#_ ` ³�µ w d ` d(µ�����<�<H25~�9>6/V�8W,G4T8�4EJ>J¶8W,/9>Y�FF�.�YW9>ZT4T8W9>Z7.�<1L7P ¥ .(��9><H8 ® L765.�~@4y}�N�.(YWPRL7Y�~·4n+�4y}�J;L�Y�.&��N54765<W9;L�6�PRL7Y�8W,/.�PR2/65X&8W9>L76 ¥ 9>64�6/.(9>V7,���L7Y�,/L�L�F¸L7P�?R³ µ w d µ D�[

¥ ?´³ w d5D�¹ ¥ ?´³�µ w d&µyD g º ¥º _¼»»»» ½-¾&¿ ÀB¾ ?R³ a ³�µ�D g Ap º \ ¥º _ \ »»»» ½-¾&¿ ÀH¾ ?R³ a ³�µ�D \
g º ¥º d »»»» ½ ¾ ¿ À ¾ ?´d a d µ D g Ap º \ ¥º d \ »»»» ½ ¾ ¿ À ¾ ?´d a d µ D \g Ap º \ ¥º _ º d »»»» ½�¾&¿ ÀB¾ ?´³ a ³ µ D&?Rd a d µ D z ?HA�Á3D+-,/9K<�.(��N54E65<W9>L76Â<W2/V7V�.�<H8�<�476±4EN5N/YWLy��9>~@4T8W9>L76f��}fJ;L�X�4EJ N�L7J>}�6/L7~�9K4EJ£�/8H8�9;65V ®�Ã 4764E6GFÅÄÆ9 ÇB�G.�J><È?BA�Á7Á���D��·É�.(65X(. ® 8�L°.�<B8�9;~@4E8W.Ê8W,/.m9;~�N/J>9>.�FËZ�L7JK4T8�9;J>9:8B}Ì4E8�8�,/.±8�4EY�V7.(8N�L79>6�8¸?´³ µ w d µ DÆPRY�L7~ÍL7�5<W.(Y�ZT4T8W9>L76G<Æb�Î±?;Ï ` A w z�z(z wHÐ D ® S�.@~�9>6/9>~�9>Ñ(.²8W,/.�PRL�J;J>LTSU9;65V.&��N/Y�.�<�<W9;L�6=[ÒËÓÎWÔ ^�Õ b Î a¢Ö>× µ g × ^T?q_ Î a ³�µyD g × \ ?§_ Î a ³�µ�D \ g × v ?´d Î a d(µ�Dg ×5Ø ?Rd Î a d&µ�D \ g ×�Ù ?§_ Î a ³�µ�D(?Rd Î a d&µyD�Ú�Û \�Ü¸ÝyÞ ¿ Ý�ß ?q_ Î a ³�µ w d Î a d&µyD ? p ¬ DSU,/.�YW. Ð 9><�8W,5.�6�2/~��G.�Y�L7P L7�5<W.(Y�ZT4T8�9;L�65<�?´L7N�8�9;L�65<�D ®/àGá 4E6GF à À 4EY�.M8�,/.��G4E65F�SU9KF�8�,X&L�638WY�L7J>J;9>6/VÈ8W,5.Ê6/.�9;V�,��GL�YW,/L�L�Fâ9;6Å.�4�X�,ËF�9;Y�.�X&8W9>L765<�4E65F Ü¸ÝyÞ ¿ Ý�ß 9><¸8W,5.±Y�.�<W2/J:8�9;65Vã .�YW65.(J�PR2/65X&8W9>L76�S�.�9;V�,�8�9;65V�4EJ>J�L7�5<W.(Y�ZT4T8�9;L�6²NGL�9;638�<(�1+-,/9K< ã .�YW6/.�J�PR2/65X�8�9;L�6�~@4y}@��.�4N/Y�L�F�25X�8ML7P 8BS�L�2/6/9>Zy47YW9K4T8�. ã .(Y�6/.�J�PR2/65X�8�9;L�65<��{



ä/å�æMç&å�è3é�ê(è/ë>ê(èGç&êÆì5íHêÆî�ï/êOðRå7ñ>ñ;åTòUë>è/ó�ô@õTî�æWë;ö�÷�ê(ø5è/ë;îWë>å7è5í�ù
újûýüþþþÿ ���������
	 �������
��	�������������	 �������
��	���� �������
��	�������������	����� � ��� 	 ��� � �
� 	 ����� � ��� 	 ��� � �
� 	 ��� ��� � �
� 	 ����� � ��� 	 ���� ��� ��� ��� ��� ������
�����
	 ���
�����
	�� � ��������	������!�
��	�� � ���
�"�
��	��������!����	��

#%$$$
&('

) û üþÿ ) ����) � # $& '+* û-,/.10/2436587�9�: 7�; ����<=�
��	 ' �><=����	��>?A@6BDCFE û üþÿ E 	���EHG # $&(I
JMê�è5ç&êLK�îWï/ê�ò�ê(ë>ó7ï3î�ê�÷�ñ;ê�õ7íHîUí�M3ì5õEæ�ê�íON/æ�åQP5ñ;ê�ôSRUTQVLW�ç(õ7è�P�ê�òUæ�ë:îWîWê(è õ�íô�ë>èX R�Y
Z\[^]_Wa`cbdRUY�Z\[^]_Wfe RgTHhiWõEèG÷²î�ï/ê�íHå�ñ;ì/îWë>å7èfë>í-ó�ë;é�ê(è
PDj

k]mlonU[ ` bp[\qirtsu[ ` bvYue RgTQTLW
w è/ëKç&ê�ðRê�õEîWì/æ�ê�åEð�îWï/ê@ñ>å�ç(õ7ñxNGå�ñyj�è/å�ô�ëKõEñQô�ê(îWï/å�÷më>í�îWï5õEîOë;î8N/æ�åTé�ë>÷�ê�íÆîWï/ê@ê�íBî�ë{zô@õTî�ê�÷më;ô
N/ñ>ë>ê�÷mé7å�ñ>õEîWë>ñ;ë;î>jÂõEè5÷më;î�íOøGæ�íHîOîBò�å ÷�ê�æWë>éTõTîWë>é7ê�íÆë;èÈå7è5ê²íBî�ê6N�|c}�è5÷/ê(ê�÷�K å7è5êï5õ�í�ðRæWå�ô+R>h�~LW-õEèG÷mRgT�VLW&ù �

����t������ ����� �>�
l k] s/��

�u����t� � ���� � � � � �
l T k] � e

� è/êÆåEð£îWï/ê�ç&å�è5ç&ê�æWèGí�æ�ê(ó3õEæ�÷�ë;è5ó�îWï5ë>í-ê�íBî�ë;ô@õTî�ë;å�è¸ô�ê&î�ï/å�÷�ë>í�îWï5êO÷/ê6N�ê(è5÷�ê�è5ç&ê�å�èîWï5ê�P5õEèG÷�òUë>÷�îWï�òUï/ëKç�ï@ó7åTé7ê�æWèGí£ï5åTò ônìGç�ï�ò�ê(ë>ó7ï3îQî�ï/ê��7ê�æWè5ê(ñ�ðRì/è5ç&îWë>å7è²íWï/å7ì5ñ>÷�N/ñKõ7ç(êå7èâõEè°åQP5íWê(æ�é7ê�÷-NGå�ë;è3î�ðRå7æ�îWï/ê�ê�íHîWë>ô@õTî�ë;å�è°õTî@õ±î�õEæ�ó7ê(î�N�å7ë>è3î�|�� å�æWê�åTé7ê(æ�KQõ7ínîWï/êç(õ7ñ;ñ�åQN�î�ë;å�è5í�õ7æWê@è/å7î�õEñ>ò-õij�í�í%j�ô�ô�ê(îWæ�ë>ç�õEñ>ñyjmõEè5÷Èê�M3ì5õEñ>ñyjÈ÷�ëKíBî�æWë�P/ì�î�ê�÷#õ7æWå�ì/è5÷ÊîWï/êwx� ��N�å7ë>è3î�K�îWï/êÆç�ï/å7ëKç&êUå7ð�î�ï/ê"PGõEè5÷�òUëK÷�î�ï²ë>í�õ��7ê�jnëKíWíWì/êLK�ê�íaN�ê�ç(ë>õ7ñ;ñ�jnðRå�æ�ê�íBî�ë;ô@õTî�ë;å�èõTîOî�ï/êcPGå�æ�÷/ê(æ�åEð�îWï5ê@ë;ô
N/ñ>ë;ê�÷mé7å7ñKõTî�ë;ñ>ë;î>jÂíHì/æWð´õ7ç(êQ| � ï/êcP5õ7è5÷�òUëK÷�îWï#ç�õEè\PGê²ç�ï/å3íHê�èó7ñ>åQPGõEñ�å7æUñ>å�ç(õ7ñ;ñ�j¸÷�ê�NGê�è5÷�ê(è3î�å�è\R � �a� W�| � ï/ê�æWê�õ7æWêOô�ê&î�ï/å�÷/í�N/æ�åTé�ë>÷�ë>è/óc�EåLN�îWë>ô@õEñ��P5õ7è5÷�òUëK÷�îWï5íMòUï/ë>ç�ï�æ�ê(ñ�j²å7è�N/ñ>ì/ó�z ë>è�æ�ì/ñ>ê�í-å7æUå�è�÷5õTî�õ�zgPGõ7íWê�÷¸íWê(ñ>ê�ç&îWå�æ�í�|}�è î�ï/ê�ç�õ7íWênå7ð1îWï/ê�é7å�ñ>õEîWë>ñ;ë;î>jfíHì/æWð´õ7ç(êQK�ë;îÆëKí�é�ë;î�õ7ñ£î�å�÷�ê(îWê�æWô�ë>è/ê�å�è/ê�PGõEè5÷�òUëK÷�î�ïðRå7æ�î�ï/êfô�õEîWì/æ�ë;î>jtõEè5÷°å7è/ê�ðRå7æ�î�ï/êfô�å�è/ê6j�è/ê�íWí�÷�ë>æ�ê�ç�î�ë;å�è5í�| w è¦õEñ>ó7å�æWë;îWï/ô ç�õEñ>ñ;ê�÷�1ô
N/ë>æ�ë>ç�õEñyz¡ �ëKõ7íx -õEè5÷/òUë>÷�î�ï�¢�ê(ñ>ê�ç&îWå�æ"R��£ O �¢¤W¶ðRå7æ1øGè5÷�ë>è/ó�ñ>å�ç�õEñ¤PGõEè5÷�òUëK÷�î�ï5í1ëKí�íWì/ó�zó7ê�íBî�ê�÷�PDj�¥Uì¤N¤N�ê(æWî�Rah�~Q~D¦�W-õ7è5÷§¥Uì¤N¤N�ê(æWî�Kf¨ÈõEè5÷tKuJMå�ñ>íHî�õ7è5÷^J�©å3íWíWñ>ê(æ�Rah�~Q~D¦�W�| � ï/êP5õ�íHëKçOë>÷/ê�õ@å7ð�î�ï/ëKíMô�ê&î�ï/å�÷fë>íMîWå²ô�ë>è/ë;ô�ë�ª(ê�î�ï/ênê�íBî�ë;ô@õEîWê�å7ð£î�ï/ênñ>å�ç(õEñ ô�ê�õEèÂí�M3ì5õEæ�êê(æ�æ�å7æ�õEî�ê�õ�ç�ïfî�õ7æWó�ê&î"N�å7ë>è3î�K�òUë:î�ï/å7ì�îOæ�ê(ñ�j3ë>è/ó@å�è±õ7í%j�ô�N/îWåEî�ë>ç�æWê�íHì/ñ;î�| � ï/ênéTõ7æWëKõEè5ç(êõEèG÷²î�ï/ê�P/ëKõ7í-î�ê(æ�ô õEæ�êOë;è�îWï5ë>íUõ7ñ;ó�å7æ�ë:î�ï/ô ê�íHîWë>ô@õTî�ê�÷�ê(ô
N/ë>æWëKç(õ7ñ;ñ�jQ|«�íWë>è/óÆîWï/êUñ>å�ç(õEñHN�å7ñ�j�è/å7ô�ëKõEñ�ê�íHîWë>ô@õTî�ë;å�è5í6K7îWï/ê-ê�ô�N5ë;æ�ë>ç�õEñ¬¢H­£®Ëç(õ7è�P�êMç(õ7ñ>ç(ì/ñKõTîWê�÷òUë;îWï�îWï/êOðRå�ñ;ñ>åTòUë>è/ócM�ìGõEè3îWñ>ê&î�ù
¯/°u±i°¤²´³µ±i°¤²L¶�¯_·¡¸�¹�±Hº�»�¸u¼x¹�±Dº�»�¸�¼u½t¹�±Dº�»�¸u¼L¾x¹�±�¹a¿À¹aÁD¼QÂuÃê�íBî�ë;ô@õTî�ê�í�î�ï/ê�íHê�ô�ë{z¡N5õEæ�õEô�ê(îWæ�ë>çÄ¢H­=®�|

~



Å�Æ¤Ç�ÈQÉ%ÊLË¤Ì
Ç6Í4Î�Ï�Ð1ÑQÉ^Î%Æ¤Ò�Ï^Ó4Ë¬È�Í4Î�ÔyÇ6Î�È�É�Ç�Î�Æ¤Ç�Ì
ÑQÍ¤Ç�ÕDÍ¤Ç�Ï�Ï×ÖyØuÙ�Ú�ÛÜÖ>ÝHÞ�ß�ØuàQÙ�Ú�Û8áÖ�ÝHÞiß�Øuàfâ�Ù�ÚÄÛ8á á�Ö>ÝHÞ�ß�ØuàDãQÙ�Ú"Ë¤Í¬ä¤Ç6É�ÔyÕDÒ�Í¤Êæå¤É�Ò�ç�ÇæÖ>Ý�Ù�ç�ÑLÉ%É�Ç�ç�Î%Ç�äèÐ1ÑQÉéÐ1Ë¤Î%Ë¤É�Ç\ä¤ÒyêDÒ�äHÇ6Í¬ä¬Ï6ÚÉ�Ò�Ï%ë4ìUÐ1É�Ç6Ç�ÒyÍ4Î%Ç�É%Ç�Ï>Î
É�È/Î%Ç-Ö1í¤Ù�Ú£È�Í�ä×Î%Æ¬Ç�Î�ÒyÌ
Ç
Î%Ñ\ÌcÈ/Î�Ë¤É%ÒyÎ>Õ´Ö1î¤àQï¤Ù�ðñÅ�Æ¬Ç�ÑLËHÎ%å¤Ë¤Îcç6ÑQÍHìÏ%Ò�ÏaÎ"Ñ�ÐòÎ�Æ¤Ç8Ô�ÑDç�È�Ô_å�ÑLÔyÕDÍ¤ÑLÌ�Ò�È�ÔôóHõ=ö÷Ögø�ùuÝiùHú£û>ü�Ý/îHàLí¤Ù�ÚHýSÖgø�ùuÝ�ù¤ú£û>úHþDøQî¤àDÙ�ÚHÈ�Í�ä
Î%Æ¤Ç�ÿÖgø�ùuÝiù¤ú=û�ß¤àiØDØfàDÙòÑQÐ�Î�Æ¤Ç8ç6ÈQÔyÔyìgÑLåHÎ%Ò�ÑQÍ�Ï6ð
� �������	��

������������������������������� �"!#��$ %���� �
Å�Æ¤Ò�Ï"Ï%Ç�ç�Î%Ò�ÑQÍ^äHÇ�Ï%ç6É%Ò'&�Ç�Ï�Æ¤Ñ)( Î%Ñ�Ç�ÏaÎ%Ò�ÌcÈ/Î%Ç8Î%Æ¤Ç�*OÔ�ÈQç�ë4ì>óHç�Æ¤ÑQÔ�Ç�Ï�ÈQÍ¬ä�Ô�ÑDç�È�Ô_å�ÑLÔyÕDÍ¤ÑLÌ�Ò�È�ÔóHõ£öµË¬Ï%ÒyÍ¤Ê
ÑLåHÎ%Ò�ÑQÍ¬Ï�ä¬È/Î�È�ÑLÍ�Î�Æ¤Ç�+�Ç6É�ÌcÈ�Í�ö-,-. Ò�Í¬äHÇ0/tð
1-243 576 896Å�Æ¤Ç�ä¤È�Î�ÈLÏaÇ6Î:(OÈLÏôÎ�È�ëLÇ6Í�Ð1É�ÑQÌ Î�Æ¤Ç�;¬Í�È�Í¬ç6Ò�ÈQÔ¤ä¤È/Î�È<&¬ÈLÏaÇ = ö >)*?,!óA@-ÔyÑHç6È�Î%Ç�ä�È�ÎCBC,!ó9@ÖDB£Ç�Í4Î%Ç6É�Ð1ÑQÉE,"å¤å¤Ô�ÒyÇ�ä8ó4Î�È�Î%Ò�Ï>Î�Ò�ç�Ï�È�Í�ä�@£ç�ÑLÍ¤ÑQÌ
Ò�ç6Ï�Ù�È�ÎEF�Ë¤Ì�&�ÑLÔ�äHÎaìHG�Í¤Ò�êQÇ�É�Ï%Ò{ÎJIÈ/ÎLK�Ë�*£Ç�É%Ô�Ò�Í�ðóDÒ�Í¬ç�Ç = ö >)*?,!óA@´Ò�Ï�È�å¤É�ÑQå¤É�ÒyÇ6Î�ÈQÉ%Õ�ä¤È/Î�È<&¬ÈLÏaÇLÚ�ÑLÍ¤Ô�Õ^ÈéÔ�ÒyÌ
ÒyÎ%Ç�ä\ä¤È�Î�ÈQÏ%Ç�Î�Ò�Ï!å¤É�Ñ/êDÒ�äHÇ�äÐ1ÑQÉ�ä¤Ç6Ì
ÑQÍ¬ÏaÎ%É�È/Î�ÒyÑLÍ�å¬Ë¤É%åfÑLÏ%Ç�Ï�ðÅ�Æ¤Ò�Ïcä¤È/Î�È<&¬ÈLÏaÇ�Ò�ÏM;¬Ô�ÔyÇ�äN(�ÒyÎ%Æ ÑLåHÎ%Ò�ÑQÍ�ÏcÈ�Í¬äæÐ1ËHÎ%Ë¬É%Ç�Ïéä¤È/Î�È\å¤É%Ñ/êDÒ�äHÇ�äN&DÕO@ÀË¬É%Ç0/uðö�È�Ò�ÔyÕ�Ï%Ç6É�Ò�Ç�ÏôÑ�Ð PQÚRQ¬ÚRSÄÈ�Í¬ä	PUT"Ì
ÑQÍ4Î%Æ¬Ïxö�=�ìHVLWX*-Y�Z�É�È/Î�Ç�Ï_Î�ÈQëQÇ�Í�Ð1É�ÑQÌµÎ�Æ¤Ç?[]\_^J`baU^Jc
dfegcLhicLjkeHhil]mnhioXh9a0oHp)qJhi` ÏaÇ�É%êLÇ�ÈQÏ�É�Ò�Ï%ëDÔyÇ�Ï%Ï�Ò�Í4Î%Ç6É�Ç�ÏaÎ
É�È�Î%Ç�Ï�ðæÅ�Æ¤Ç�ö-,r.sQRt§Ð1Ë¤Î%Ë¤É�Ç�ÏÈ�Í�ä�ÑLåHÎ%Ò�ÑQÍ�ÏÀÏaÇ6ÎaÎ�ÔyÇ�Ì�Ç�Í4Î=ä¤È/Î�ÈÄÑ�ÐvuLÈQÍ4Ë�È�É�ÕwP�xRxzy�Ö{T9POÎ�É�ÈLäHÒyÍ¬Ê8ä¤ÈiÕHÏ�Ù|(OÇ6É�ÇOË�ÏaÇ�ä
ÒyÍ�Î%Æ¬Ò�ÏÏaÎ%Ë¬äHÕLðxö!ÈQÒyÔ�Õ�Ï%Ç�Î%Î%Ô�Ç6Ì
Ç6Í4Î=å¬É%Ò�ç�Ç�ÏòÐ1ÑQÉ£Ç�ÈQç�Æ
ÑLåHÎ%Ò�ÑQÍcç�ÑLÍ4Î%É�ÈQç�Î=ÈQÉ%Ç�Ç0/DÎ%É�ÈQç�Î�Ç�ä
È�Ô�ÑQÍ¬Ê}(�Ò{Î�Æç�ÑLÍ4Î%É�ÈQç�Î£Î>ÕDå�ÇLÚ4ÌcÈ�Î%Ë¤É�Ò{Î>ÕéÈQÍ¬ä�ÏaÎ%É�Ò�ëQÇQð�~¤ÑLÉOÎ%Æ¤Ç!Ð1ËHÎ%Ë¬É%Ç�Ï6ÚDÎ�Æ¤Ç�ä¬È�Ò�ÔyÕéÏ%Ç�Î%Î%Ô�Ç6Ì
Ç6Í4Î�å¤É%Ò�ç�Ç�Ï6ÚÌcÈ/Î�Ë¤É%ÒyÎ%Ò�Ç�Ï�È�Í�ä^êQÑLÔyË¬Ì�Ç�Ï!ÈQÉ%Ç8Î%Æ¤Ç�É%Ç�ÔyÇ�ê/È�Í4Î!Ò�ÍHÐ1ÑQÉ�ÌcÈ/Î�ÒyÑLÍ�ð�Å�Ñ
ç�ÑQÌ
å¤Ë¤Î%Ç�Î%Æ¤Ç�ÒyÍ4Î�Ç6É�Ç�ÏaÎÉ�È/Î%Ç�Ï�ç�ÑQÉ�É�Ç�Ï%å�ÑLÍ¬äHÒ�Í¤Ê�Î�Ñ�Î%Æ¤Ç�ÑLåHÎ%Ò�ÑQÍ
ÌcÈ/Î%Ë¬É%ÒyÎ%Ò�Ç�Ï�È�Ô�ÒyÍ¤Ç�È�É�Ò�ÍLÎ�Ç6É�å�ÑLÔ�È�Î%Ò�ÑQÍ�&�Ç6ÎX(£Ç�Ç6Í�Î%Æ¤ÇÈiê/È�Ò�Ô�ÈR&¤Ô�Ç!É�È/Î�Ç�Ï?(�ÈQÏ�Ë¬Ï%Ç�ätðÅ�Æ¤Ç�ö-,-. Ò�ÏxÈ!å�Ç�ÉaÐ1ÑLÉ%ÌcÈ�Í�ç�ÇOÒyÍ¬ä¤Ç�/�(�Æ¤Ò�ç�Æ�Ì
Ç�È�Í¬ÏôÎ�Æ¬È/ÎÀäHÒ�êDÒ�äHÇ�Í¬ä¤ÏxÈQÉ%Ç£É%Ç�ÒyÍDêQÇ�Ï>Î�Ç�ätð
F�Ñ)(OÇ6êLÇ6É�ÚOÈLÏ%Ï%Ë¤Ì
Ò�Í¤Ê×Í¤Ñ�äHÒ�êDÒ�äHÇ�Í¬ä ÕDÒ�Ç6Ô�ä¤Ïn(�Æ¤Ç�Í ÒyÍDêLÇ6É%Î%Ò�Í¤Ê\Î%Æ¤Ç�*£Ô�ÈQç�ë4ì>óHç�Æ¤ÑLÔyÇ�Ï�Ð1ÑLÉaìÌ�Ë¬Ô�È
É�Ç�Ï%Ë¤Ô{Î�ÏÄÒyÍ×äHÒ��uÇ6É�Ç6Í4Î�êQÑQÔ�È/Î�ÒyÔ�ÒyÎ%Ò�Ç�Ï�Ð1ÑQÉ�å�È�Ò�É�Ï�Ñ�ÐOå¤ËHÎ�Ï8È�Í¬ä-ç�È�Ô�Ô�ÏÄç�ÑLÍ4Î%É�È�É�Õ�Î%Ñ
Î%Æ¤ÇÍ¤ÑQì¡ÈQÉ�&¤ÒyÎ%É�È�ÊLÇ�ÈQÏ�ÏaË¤Ì
åHÎ�ÒyÑLÍ§ç�ÑQÍ4Î�È�Ò�Í¤Ç�ä�Ò�Í�Î%Æ¤Ç�õÀËHÎ%ìXBOÈQÔyÔ�å¬È�É�Ò{Î>ÕLð�Å�Æ¤Ò�Ï"É%Ç�ÌcÈ�É�ë�ç6ÈQÍ�&�ÇÇ�/Hå¤Ô�È�Ò�Í¤Ç�ä�&DÕ8Î�Æ¤Ç�Ð�ÈQç�ÎxÎ%Æ¬È�ÎÀË¤Í4Î%Ò�Ô�u4È�ÍDË¬È�É�Õ�T<t�t�T!äHÑQÌ
Ç�Ï>Î�Ò�çOÒ�Í4êLÇ�ÏaÎ%ÑLÉ�ÏôÆ¬ÈiêLÇ�ÈQÍ�ÈLäHê/È�ÍHìÎ�ÈQÊQÇ�ÈQÏ�Î%Æ¤Ç�Õ�ÌcÈiÕ�É�Ç�ç6Ç6Ò�êQÇ�È�å�ÑLÉaÎ�ÒyÑLÍ
ÑLÉ�È�Ô�Ô�Ñ�ÐôÎ%Æ¬Ç�äHÒ�ê4Ò�äHÇ�Í¬ä�Î�È)/HÇ�Ï�&¬ÈQç�ë�äHÇ6åfÇ6Í¬ä¤ÒyÍ¤ÊÑQÍèÎ�Æ¤Ç6Ò�ÉcÎ�È</èÏaÎ�È�Î%Ë¬Ï�ð ö!ÒyêDÒ�äHÇ6Í�ä(Î�È</ñÌ
Ç�ÈQÍ¬ÏcÆ¤Ç�É%Ç
Î%Æ¬Ç�ç�ÑLÉ%åfÑQÉ�È/Î�Ç
Ò�Í¬ç6ÑQÌ
Ç�Î�È</æÐ1ÑQÉäHÒ�Ï>Î�É%Ò'&¤ËHÎ�Ç�ä
ÊLÈQÒyÍ�ÏOÐ1É%ÑLÌoÎ%Æ¤Ç�ÊLÉ%Ñ4Ï%Ï�äHÒ�êDÒ�ä¤Ç6Í¬ätðóDÒ�Í¬ç�Ç�Î%Æ¬Ç
ä¤ÒyêDÒ�äHÇ6Í¬ä¬Ï�È�É�Ç�É�Ç0&¬È�Î%Ç�ä§Î%Ñ�äHÑLÌ�Ç�Ï>Î�Ò�ç�Ò�ÍDêQÇ�ÏaÎ%ÑLÉ�Ï"Î%Æ¬Ç
ör,-.oÏaÆ¬ÑQË¤Ô�ä§Ð�ÈQÔyÔ
&DÕéÈ�Í
È�Ì
ÑQË¤Í4Î�ç�ÑQÍ4Î�È�Ò�Í¤Ç�ä�&�Ç6ÎX(£Ç�Ç6Í	t�È�Í¬äéÎ%Æ¤Ç�ÏaÇÄäHÒ�êDÒ�äHÇ�Í¬ä�Î�È)/HÇ�Ï6ð W�Í¬äHÇ�Ç�ätÚDÎ�Æ¤Ç!ê/ÈQÔyË¤ÇÑ�Ð�Î%Æ¤Ò�ÏôÐ�È�Ô�Ô¤äHÇ�å�Ç�Í¬ä¤ÏòÑQÍ�Î%Æ¤Ç�Ô�Ç6êLÇ6ÔDÑ�Ð�Î%Æ¤Ç�ÏaÇ£Î�È</HÇ�Ï (�Æ¤Ò�ç�Æ�ÌcÈiÕ}&fÇOÇ�Ó4Ë¬È�ÔDÎ�Ñ]K�Ç6É�Ñ�ÈQÍ¬ä�ÑLÍÎ%Æ¬Ç](OÇ6Ò�ÊQÆ4Î�Ï£Ñ�ÐôäHÑQÌ
Ç�ÏaÎ%Ò�ç�È�Í¬äéÐ1ÑQÉ�Ç6Ò�ÊQÍéÒ�ÍDêQÇ�ÏaÎ%ÑLÉ�ÏÀÎ%É�ÈQäHÒ�Í¤Ê�Î%Æ¤Ç�ö-,r.�ðHÅ�Æ¤Ç�Ï%ÇÄäHÒyêDÒ�äHÇ6Í�äÎ�È</HÇ�Ï�Æ¬ÈiêLÇ"Î�Æ¤Ç8Ï%ÈQÌ
Ç�Ç0�fÇ�ç�Î�Ï�ÈQÏ�ÑQÉ�äHÒ�Í¬È�É�ÕéäHÒ�êDÒ�äHÇ�Í¬ä¤Ï�ÈQÍ¬ä
ÏaÆ¤ÑLË¤Ô�äéÎ�Æ¤Ç6É�Ç�Ð1ÑLÉ%Çf&fÇ�Ë�ÏaÇ�äÐ1ÑQÉ�ç6ÑQÌ
å¤ËHÎ�ÒyÍ¤Ê�Î%Æ¬Ç�Ò�Ì
å¤Ô�ÒyÇ�ä�êLÑQÔ�È/Î%Ò�Ô�Ò{Î�ÒyÇ�ÏOÈQÍ¬äcÎ�Æ¤Ç�Ð1ËHÎ%Ë¬É%ÇÄå¤É�Ò�ç6Ç!Ò�Ì
å¤Ô�Ò�ç6Ò{Î�Ò�Í�Î�Æ¤Ç�*OÔ�ÈQç�ëóHç�Æ¤ÑLÔyÇ�ÏOÐ1ÑQÉ�Ì�Ë¤Ô�È¤ð

F"È�Ð1Í¤Ç6É�È�Í¬äb�-È�Ô�Ô�Ì�Ç�ÒyÇ�É�ÖDT<tRt�P�Ù�Ï%Ë¤ÊLÊQÇ�ÏaÎ"ÈcÌ
Ç�Î�Æ¤ÑHä§Ò�Í^ÑQÉ�äHÇ6É�Î%ÑéÊLÇ�Î�ÈQÉ%ÑLË¤Í¬ä�Î%Æ¬Ò�Ïå¤É�ÑR&¤Ô�Ç6Ì�(�Æ¤Ò�ç�Æ
ç�ÑLÍ¬ÏaÒ�ÏaÎ�Ï�Ò�Í
ç6ÑQÌ
å¤ËHÎ�ÒyÍ¤ÊcäHÒ�êDÒ�ä¤Ç6Í¬ä¤Ï�Ò�Ì
å¤Ô�ÒyÇ�ä	&DÕ
Î�Æ¤Ç8õÀËHÎ%ìXBOÈQÔyÔuå¬ÈQÉ%ÒyÎ>ÕQð
W�Í¬äHÇ�Ç�ätÚ�ç�ÑQÌ�&¤Ò�Í¤ÒyÍ¬Ê�Î�Æ¤ÇÄÐ1ËHÎ�Ë¤É%Ç�Ï�å¤É�Ò�ç6ÒyÍ¬Ê�Ð1ÑLÉ%Ì�Ë¤Ô�È

dE�g� �4�������HqJ�X��� � � � �	� mM�g� ���
È�Í�äéÎ�Æ¤Ç8õÀËHÎ%ìXBOÈQÔyÔtå�È�É�Ò{Î>Õ

� � ��� ������� � mM�g� �4� ��� q�� �4��� �g¡ � ¡

PUt



¢C£�¤�¥9¦¨§R©�ªE«
¬®­ ¯�°|­�±�²|­g³ ´4µv¶�· ¸X¹»º ¼ µ�½O¾ ­g³ ´4µ�³ ´4¿�¯�ÀÁ¶R·�¸X¹»º ¼ ¿ ´ ¿ ÂDÃ<ÄiÅ

¢�ÆA£�Ç�£:È�ÉÊ©ÌËL¦¨ÆA£ÎÍw§)¦¨ÏAÇ¨©Ð¦XÑf¤<Ò9¦¨ÆA£Î¤�Ó9¦�©'¤Rª_Ë0ÔJÈ0Õb©ÌËL¦¨ÆA£ÎÍw§<¦�ÏAÇ¨©Ð¦XÑf¤RÒ9¦�ÆA£®ªA£�§RÇ�£UËX¦LÒ�¤�Ç�¢?§<Ç×Ö
¢�ÆA¤iË4£-Ø�¤RÙ'ÏAÍÚ£-©ÌËÎÓ ¤�Ë�©Ð¦¨©�Ø�£r§<ª_Ö ¾ ­g³ ´4µ ³ ´4¿Û± ¾ ­g³ ´4µ�¯ ¾ ­g³ ´4¿ ©ÌËÎ¦�ÆA£�Ö9©ÐÜ�£0Ç¨£0ª_Ý�£-¥ £�¦X¢C£0£�ª
¦�Æ�£}ÓAÇ�£UË4£�ªi¦?Ø)§RÙ�ÏA£UË?¤<Ò ¦�ÆA£�ÖA©�Øz©ÌÖ9£0ª�Ö�Ë0Þß Ë�©'ªAà ÂDÃ<ÄiÅ Ôv©'ÍMÓ�Ù�©'£�Ö�Ö9©'Øi©ÌÖ9£�ª�ÖAËf¢C£0Ç¨£MÝ0¤RÍÚÓAÏ9¦¨£�ÖÛÒ�¤RÇf£�§�Ý×ÆÛÓ�§R©�Çf¤<Ò®ÓAÏ9¦�§<ª�Ö�Ý0§RÙ�Ù
¢�©�¦�Æá¦¨ÆA£�Ë¨§<ÍÚ£�Ë4¦�Ç¨©'âR£RÞÁã?ÆA£0¤�Ç�£0¦�©ÌÝ0§<Ù'Ù'ÑRÔ|Ò�¤RÇÚ§�àR©'ØR£�ª�¦�©'ÍM£�¦�¤ÁÍÚ§<¦�ÏAÇ¨©�¦XÑÁ¦¨ÆA£0Ç¨£nÍ�Ï�ËX¦
¥ £w¤RªAÙ'ÑÊ¤Rª�£MØ)§RÙ�ÏA£MÒ�¤�Çf¦�ÆA£UË4£w©'ÍÚÓAÙ�©'£�Ö�Ö9©'Øz©'ÖA£0ª�ÖAË�ÞnäA¤�Ç}£�§�Ý×ÆÛÍw§)¦¨ÏAÇ�©�¦XÑ�¦¨ÆA£n§JØR£�Ç¨§RàR£
¤<Ò|¦�ÆA£UË4£}©'ÍÚÓAÙ'©�£UÖ	Ö9©'Øz©'ÖA£0ª�ÖAË-¢C§�Ë®Ï_Ë4£UÖn¦¨¤nÝ�¤RÍÚÓAÏA¦�£�¦�ÆA£�Ý0¤RÇ¨Ç�£UÝk¦¨£�ÖnÓ�Ç�©ÌÝ�£�Þ ß Ë4©'ªAàM¦�Æ�©'Ë
ÍÚ£�¦¨ÆA¤9ÖÛ©'ÍÚÓAÙ�©'£�Ö�Ø�¤RÙÌ§)¦�©'Ù'©Ð¦¨©�£UË]§RÇ�£MÍÚ¤RÇ¨£�Ç¨£0Ù'©'§R¥AÙ'£M§�Ër¦¨ÆA£wË4Ñ9Ë4¦�£�ÍÚ§<¦�©ÌÝÛå�à�§RÓ�æn¥ £�¦X¢C£0£�ª
ÓAÏ9¦�§<ª_ÖnÝ0§RÙ�Ù ØR¤�Ù'§<¦�©'Ù�©�¦�©'£�Ë®Ö9©'Ë¨§<Ó�Ó_£U§<Ç×Ë0Þ�ã?ÆA£�¤RªAÙ'Ñ�Ï�ª�Ý�£�Ç4¦×§<©'ª�¦XÑw§<¦Î¦�Æ�©'Ë?Ë4¦¨§<à�£-©ÌË®Ö9Ï�£-¦�¤
¦�Æ�£}©�ªi¦�£�Ç�Ó ¤RÙÌ§)¦¨£�Ö	Ç¨§<¦�£UËCÒ�¤RÇ?¦�Æ�£}ÍÚ§<¦�ÏAÇ¨©�¦XÑnÈ É Þ

ã?ÆA£}ÖA§<¦¨§RË�£�¦-Ý0¤Rª�Ë�©'Ë4¦¨Ë?¤RÒ ¤�ªA£�ç�Ù'£}èié9êiëAì�í9ìzîzïzð�ñ�¢�©�¦�Æ�òRòfÝ�¤�Ù�ÏAÍÚª�Ë�Þ
ò ó�§JÑÃ ô ¤Rªi¦�ÆÄ õ £U§<Çö ã®ÑzÓ_£f¤RÒ ¤�Ó9¦�©'¤Rª Â òfÒ�¤�Ç-Ý0§<Ù'ÙÌË0ÔA÷�Ò�¤RÇ�Ó�Ï9¦¨Ë Åø ã?©'ÍÚ£f¦�¤ÚÍw§)¦¨ÏAÇ�©�¦XÑ Â ©�ªÊÝ�§<Ù'£0ª�ÖA§RÇ�ÖA§JÑ9Ë Åù ú ¦�Ç¨©�â�£�Ó�Ç�©ÌÝ�£UËû ü ÓA¦�©'¤Rª�ÓAÇ�©ÌÝ�£UËý þ ¤�Ç�Ç¨£�Ý�¦�£UÖ�Ë�Ó_¤R¦-ÓAÇ�©ÌÝ�£ Â ©�ÍÚÓAÙ'©�£UÖ�Ö9©'Øi©ÌÖ9£�ª�ÖAËC¦¨§RâR£�ª	©'ªi¦�¤n§RÝ�Ý�¤�ÏAªi¦ Åÿ � ©'Ë�â��{Ò�Ç¨£0£f©'ª�¦¨£0Ç¨£�Ë4¦�Ç¨§<¦�£
ò�÷ �HÍÚÓAÙ'©'£�Ö�ØR¤�Ù'§<¦�©'Ù�©�¦XÑ
òRò �r¤Rª��HÝ�¤�Ç�Ç¨£�Ý�¦�£UÖ�Ë�Ó_¤R¦?Ó�Ç�©ÌÝ�£
ã?ÆA£�ÖA§<¦¨§fÝ0§Rª�¥ £?Ç�£U§RÖ�©�ªi¦�¤��]ÓAÙ�¤ � £?¥zÑ�Ù�¤i§RÖ9©'ªAà]¦�ÆA£	�iÏ�§Rªi¦�Ù'©�¥�

����ì������]§Rª�Ö�¦�ÆA£�ª

©ÌË�Ë�ÏA©'ªAàM¦�ÆA£fÒ�¤�Ù�Ù'¤)¢�©�ª�àÚÝ0¤RÍÚÍw§<ª�ÖL«
� ì�í9ì������zì ����� èzézêiëAìRí9ìzîiïzð_ñ�� � ì�í ���
�-£! z¦-£" z¦�Ç×§RÝ�¦�§RÙ�ÙLÝ�§<Ù'Ùv¤RÓ9¦¨©�¤�ª�Ë?¤Rª$#i§<ªzÏ�§RÇ�Ñ Ä ÔEò ÿRÿ û ¢�©�¦�Æ�¦�Æ�£�%Aì�
nÝ0¤RÍÚÍw§<ª�ÖL«
� ì�í9ì���%�ì�
 �&� ì�íAì(' �&� ìRíAì*)�'0ñ,+�����- ��.�./�&� ì�í9ì0)1'32�+��4��ñ ���

5	687 9;:=<?>A@	B�C3D�EFE�GH@JI/E�KLKME

ã?ÆA©ÌËÎË�£�Ý�¦�©'¤RªwÓAÇ¨¤)Øz©'Ö9£UË:§<ª�£" A§<ÍÚÓAÙ'£-Ï�Ë�©�ª�àN�rÓAÙ'¤ � £�¦�¤�Ý�§<ÙÌÝ�ÏAÙÌ§)¦¨£�¦�Æ�£]Ë�£0ÍÚ©�Ó_§<Ç×§<ÍÚ£�¦¨Ç�©ÌÝú�O ó Ï_Ë4©'ªAà	óHP	��©�ª�ÖA£" Ê¤RÓA¦�©'¤Rª�Ë�ÖA§)¦×§AÞQ�g¦�©ÌËf§RË¨Ë4Ï�ÍM£UÖb¦�Æ_§)¦�¦�ÆA£��iÏ�§<ªi¦�Ù'©'¥R

����ì������
Æ�§�Ë?¥_£�£0ªbÙ�¤i§RÖ9£UÖvÞ

èzézê�S�Tzë�U1�V��W�ì�í�X����Jí�Y;�[Z�%�\rÓAÙ'¤<¦×ËÎ¦¨ÆA£ ú�O ó ¤RÒv¦�ÆA£}Ë�£0Ç¨©�£UËÎ¤RÒE¤RÓ9¦¨©�¤�ª�ËCÝ�Ù'¤�Ë�£�Ë4¦Î¦�¤
Íw§)¦¨ÏAÇ�©�¦XÑRÞ:ã?Æ�©'ËCç�Ç×Ë4¦?£! A§<ÍÚÓAÙ'£}¤RªAÙ'ÑnÏ�Ë�£�Ë�Ë�ÍÚ¤i¤R¦�ÆA©'ªAàÚÍÚ£�¦¨ÆA¤9Ö	©'ªb¤RªA£}Ö9©'ÍÚ£0ª�Ë�©'¤RªLÞ

èzézê�S�Tzë�U1�V� � ì�Y0�]Z�%^\:Ý�§<ÙÌÝ�ÏAÙÌ§)¦¨£�Ë|§<ª�Ö}Ó�Ù�¤R¦¨Ë|¦�ÆA£®Ù�¤9Ý�§<ÙiÓ_¤�Ù�ÑzªA¤�ÍM©Ì§<Ù ú�O ó Ò�¤�Ç_#i§<ª��
Ï�§RÇ�Ñ�òU÷AÔ�ò ÿ�ÿ û Ò�¤RÇnÖ9©�Ü £�Ç�£�ªi¦w¦�©'ÍM£UËÚ¦�¤áÍw§<¦�ÏAÇ¨©Ð¦XÑ Â È ± ÷V`�ò Ã ø�a ÷�` Ã ø�a ÷V` Ä û ø Å ÞbP�Ò ¦¨£0Ç
Ù'¤�§RÖA©�ªAà�¦¨ÆA£rÖA§<¦¨§AÔ<¦�ÆA£-©'ÍÚÓAÙ'©�£UÖ�Ø�¤RÙÌ§)¦¨©�Ù'©Ð¦XÑ�©'Ë:£�Ë4¦�©'ÍÚ§<¦�£UÖ�Ï_Ë4©'ªAàf¦�Æ�£dc�U�\�e�X��4
��iÏ�§Rª�¦¨Ù�£0¦�Ô
¢�ÆA©'Ù�£f¦¨ÆA£fç�Ç×ËX¦-§Rª�ÖbË4£UÝ�¤Rª_Ö	Ö9£�Ç�©'Ø)§)¦¨©�Ø�£�Ë?§<Ç¨£f£�Ë4¦�©'ÍÚ§<¦�£UÖ�Ï�Ë�©'ªAàf\1% � ���4Z���e)íg��Ï_§<ªi¦�Ù'£�¦UÞ
�Hª�¦�ÆA©ÌË�£! A§<ÍÚÓAÙ'£�¦¨ÆA£nà�Ç�©ÌÖ�Ë4©ih0£w©ÌË�÷AÞ ÷Aò�Þ�ã?ÆA£w¥�§Rª�Ö9¢�©ÌÖz¦�Æá©ÌË�Ý×ÆA¤iË4£�ª�§RÇ�¥�©Ð¦¨Ç¨§RÇ�©'Ù�Ñ

§)¦�÷AÞ'ò ø §<ª_Ö�÷�Þ�ò Ã ø Ò�¤�Ç�¦�ÆA£�ÍM¤�ªA£0ÑzªA£UË�Ër§<ª�ÖbÍw§)¦¨ÏAÇ¨©Ð¦XÑbÖ9©'Ç�£UÝk¦�©'¤Rª_Ë�Ç�£UË4Ó £�Ý�¦�©'ØR£�Ù�Ñ�ÞCã?ÆA£
Ý�Ç¨©�¦�£0Ç¨©Ì§ÚÏ�Ë4£UÖb©'Ë]§ÚØz©'Ë�Ï�§<Ù|©�ª_Ë4Ó £�Ý�¦�©'¤Rª�¤<Ò�¦¨ÆA£}ç�Ç×ËX¦�§<ª�Ö�Ë�£�Ý0¤Rª�ÖbÖ9£�Ç�©'Ø)§)¦�©'ØR£UË?¦�¤�£0ª�Ë�ÏAÇ¨£
¦�Æ_§)¦b¦�ÆA£�Ñ�§<Ç¨£ÁÝ0¤Rªi¦�©'ªzÏA¤RÏ�Ë�§<ª_Ö�Ë�ÍM¤z¤R¦�ÆLÞj�r£" z¦�¦�ÆA£k�iÏ�§<ªi¦¨Ù�£0¦le�% ��m \ ©ÌË	Ï_Ë4£UÖ7¦�¤
Ý0§RÙ'Ý0ÏAÙÌ§)¦�£�¦¨ÆA£ ú�O ó ¢�ÆA©'Ý×Æ�©ÌË?ç�ª�§RÙ�Ù'Ñ�Ö9©ÌË4Ó�Ù'§JÑ�£�Ö	©�ªbä ©�à�ÏAÇ�£Úò�Þ

ò�ò



npo�qsr�tVu�v�wyx/ryo�z|{	r
}&o�x/x"~��
x��"}yx���x!�
x,��}�z��4}yqi�gx/}yzd���|}&v�wyq�}3�Hz��Q}yo�x0���*���!{do�qs��o�qir
�A�iz�r&r/z�����vVw�}&z�ryqir��_npoVxH���]�|~�qsr/w&x!��w&x�ryx!��}�r(}yo�xH}yx�wy��qi�V�1�
��w&qi�!x�r0���/��npo�xH�iz��!���V�
z��i���
��z��gqs�1�/���0�L��qiry���s����rQ�f��x�u��|}&q���x�ry��x�{��"z��g�^�1w&x���}&z���}yo�x�z�w&x"}&qi���1���;�i�������3����o�z���x,r
���0� ��npo�x����1¡3z�w�wyx,��ryz��$�¢z�w�}yo�x���q���x!w&x!�V�!x�qirQ}&o�x��gx,��ryv�w&x�z��0qi�g�V��qix��=��z��i�1}yqi��q�}3���
£Hryqi��u�}yo�x ��z��!�����
z��i�4��z���qs�1��x,r3}&q����|}&z�w�rpz���xN���1��}&v�w&x�rp}&o�xNx"��x��"}Hz1�(}&o�x¥¤���z��s�|}&q��iq¦}3�
ry�gqi�ix�§=�1�V�¨q¦}�r�x"��x��"}&r�z��b}yo�x�o�qiu�oVx!w���z���x!��}&r�ryvV��o©��r�r���x!{d��x,ryr����V�ª�4v�wy}yz�r�qsr!�
npo�qsr w&x�ryv���} qsr�ryq���qi�i��wN}&zR{doV�1}g«;¬ ­¦}y�]����oV�1�iqs�$�1�V�ª®�zb¯3°,±�±�²�³A���V�ª´dz4z��4�ix!�µ¯3°,±�±�¶�³
�¢z�vV�V��q���}yoVx!qiw	r3}&vV�����

Semi-parametric SPD: 10-01-1997

2500 3000 3500
Stock price at expiry

0
5

10
15

20
25

D
en

si
ty

*E
-4

·_q�u�v�w&x¸°�¹º®�z����1���(z��i���Vz���qi�������*�»�¢z�wµ¼¾½À¿�Ái°,Â�ÃÄ¯ÆÅ���vVx�� tV���ix��^³��¥¼Ç½À¿VÁ Â�Ã
¯¢ÅV�i�����
� ����r�o�x,�V³;�1�V�f¼�½È¿VÁ É4¶1Ãf¯¢w&x��Ê� ��z�}�}yx,�V³��

Ë4Ì�Í�Î�Ï�Ð�Ñ�ÒVÓ�Ô4Õ�Ö;×]Ø�ÙVÚ

·_q�u�v�w&xgÂÛ���V�¥·_qiu�v�w&x�Éfr�o�z|{F�Üx!��}&���1�^�RÝ��1�������¢z�wH}&o�x �¢vV����w��1��u�xNz1�;r3}&wyqi��x,r
�1�^�R�¢z�wA}yoVwyx�xÛ��q¦��x!w&x!��} ���1}yv�w&q¦}&q�x,r!��npo�qsrA��x"}yoVz4�k�����iz|{	rQ}yoVxÛvVryx!wA}&z$u�x"}Nqi�kz��Vx
r�}yx!��Å
z1}&o�u�wyx�x!��r;q���z���x�x�r�}yqi���1}yqiz��f�¢z�w	������r�}yw&qi��x�rp���V�����1}yv�w&q�}yqix�r��
«Þ�V�1}yv�w��1��ß�v�x,r3}&q�z��f}&oV�|}Ü�����f�1w&qiryx�qirdoVz|{à��z�}&o�x ���0�Ürdx���z�����xQz|��x!w;}yqi��x��0á]�

}yoVqir�r�x,��}yqiz��k���=qi�i��vVr�}yw��|}&q���x�x"~��1�����ix�qirNvVr�x,�=}yz¥ryo�z|{¸}yo�xÛ���4�V����qi��rAz1�;}yo�x����*�
z|��x�w	}&o�x��gz���}yoRz��0â��1�4vV�1w&�=°�±�±4¶4� Ë4Ì4Í�Î�Ï4Ð�Ñ1ÒVÓ�ã�Ñ�Ò4ä�åp×]Ø�Ù^Ú x�r�}yqi���|}&x�r��1�V�R���iz1}&r
}yoVx����*�M�¢z�wAx�����ol}yw�����q���u$�����Rq��æâ����4vV�1w&�k°�±�±�¶4��npo�x����]�|~�qsr�qirQ}&o�x���z���x��4��x�r&r!�
ç �[�1~�qirQqsrH}&o�x�}yw�����q���u����������1�V�R}yo�x�è��[�1~�qirQqsrH}&o�x����0� ��·_qiu�v�w&x�é$ryo�z|{	rÜ}yo�x��iz��!�1�
�
z��i���Vz���qi�������*�?�¢z�wp}yoVx�}yo�w&x!xQtVw�r3}d{;x!x��4rpz��(â��1�4vV��wy����°�±�±4¶4�

ê	ë8ì íæîpî�ï�ð�ï4ñVò_óõô�î*ö	÷QøHù�öHô�ù?úÜò(öÜøHð
´dz4z��4�ix!��û r	��x"}&o�z��¥r�x�wy��x�r	}yz�x,r3}&q����1}yxN}&o�xg���*���^{do�x�wyx�ü��ÊüNý(�1�^�RüAý ýþ�¢wyz��ÿ¯�°���³
�1w&xN�"z�����v�}yx,�$�4qi���iz��!�����
z��i���Vz���qi���ir��pnpo�xN��x"}&o�z��$qirH��z|{?�1���V��qix���}&zÛx�r�}yqi���|}yx��
���0�È{do�z�r�xd���|}&v�w&q¦}3��qir*x�ß�vV�1��}yzA}&o�x	���|}&v�wyq�}3� z����Nr�x�wyqix�r(z��Êz���}&q�z��Vr!�_á]��}yoVqir0�!��ryx��
}yoVxA��z����^�1w��1��x"}&wyqs�Hw&x!u�wyx,ryryqiz��Ûqsr	�gv���qi�|�1w&qi�1}yx�z���x��� q�}yoR���
z��i�4��z���qs�1�þz1��z�w���x!w��$½?ÂÛ�1�V�¥�ÛÅV�1�V��{dqi�4}&o��$½��
	���
������1�
q�}Q�!���$Å^x
ryo�z|{d��}&oV�|} ����������� ��� � � ½! #"$	 �&%'�(�$)+*

°�Â



Semi-parametric Delta: 10-01-1997

2500 3000 3500
Strike prices

0
0.

5
1

D
el

ta

,.-0/2143(57698�:�;9<$=�>�?�;�>A@CB4;�DE-F=G>�HI5$>0J(=LKM;�3ONQPSRUT0VW6�XZYM[U>01452\ ]&>0>A5�^U_`\aNQPbRUT 62XYM[U>A=2<dce\ ^4=2fhg45�^U_i=GBU^jN�PkRUT lCmGXjYM3(5�^�\ ^9;�JhJ�5�^U_'n
Semi-parametric Gamma: 10-01-1997
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Local-Polynomial SPD: 01-1997, tau=0.250 
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SPDs and bootstrap CB, tau= 49 days
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SPD estimations: 19970103, tau= 77 days
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Pricing errors for butterfly spread
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