
Kirch, Michael; Krutchenko, R. N.; Melnikov, Aleksandr V.

Working Paper

Efficient hedging for a complete jump-diffusion model

SFB 373 Discussion Paper, No. 2002,27

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

Suggested Citation: Kirch, Michael; Krutchenko, R. N.; Melnikov, Aleksandr V. (2002) : Efficient
hedging for a complete jump-diffusion model, SFB 373 Discussion Paper, No. 2002,27, Humboldt
University of Berlin, Interdisciplinary Research Project 373: Quantification and Simulation of
Economic Processes, Berlin,
https://nbn-resolving.de/urn:nbn:de:kobv:11-10048859

This Version is available at:
https://hdl.handle.net/10419/65298

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:11-10048859%0A
https://hdl.handle.net/10419/65298
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


���������
	������������� �������������������	! �"
#%$ &'��('����	��� ���")#+*,$

-.����/��0*
	���/1��#
 32%�� �	�4�5�6
7)7
7��980����/0(:	���/���#) �;9���
�����3<�5�6
7)7
6

=0>@?BADC�EGFHAHI
JLKGMONQPGR�PTSDUVMONQWGSYX+Z\[�SDW9[BZ][BKGS^PGU_Z�`GaOSDbcZ�d%KGSDWGe�MgfGeihDZ�f�[BMOfGe�SDfB[jhDagR�MgbkNQMOf9[BKGS^dlU_R�bkSYm

n Z�UpoqZ�d9RrhDZ�bkPGagSY[�Ss[ n ZtmudlR�hY[BZ�U:vYwGbkPxmuWGMOyzwGN_MOZ�f{bkZ�WGSDag|~}�f�[�KGMgN�hDZ�f�[BSY��[��:M�[�MON n SDaga
wGfGWGSDU_N�[BZ�Z�W0[BKGR\[kSYX�SDU���hDZ�f�[BMOfGe�SDf�[�hDagR�Mgb�hDR�f�`zSkKGSDWGe�SDW�PzSBUpdlSDhY[Ba���MgdVZ�fGS�MOf�X+SDN�[�N�[�KGS
wGfGMO��wGS:R�Up`GM�[�UpR�e�SYmudlUpSDS:P+UpMOhDSD|9��R�N_SDW�Z�f�[BKGS:U_SDN_wGa�[BN^Z�d��]|@���Z�agaObkSDU]R�fGW��
|���SDwGo�SDU�[�������m
�����%Mgf�Rke�SDfGSDUpR�a%N_SDb�MOb�R�U�[BMOfGe�R�agS.NuSY[p[�MgfGe�� n S.WGSY[�SDUpbkMgf+S�[BKGS�wGfGMg��wGS.KGSDWGe�Mgf+e�N�[�U_Rt[�SDe�MOSDN
n KGMOh�K�bkMgfGMObkMg DSiRsN_wGM�[BR�`Ga��'WGSD¡GfGSDW¢N_KGZ�U�[BdlR�aga@U_MgNuo�wGfGWGSDU^Rse�M�X�SDf¢hDZ�N�[�hDZ�fGN�[�UpR�Mgf�[�|]£qS
WGSDU_M�X+S�SY�
PGagMOhDM�[sd¤Z�UpbiwGagR�N9d¤Z�U�[�KGMgN9N_Z\muhDR�aOagSDW¥SD¦khDMgSDf�[§Z�U���wGR�f�[�MgaOSkKGSDW+e�MOfGe¨N�[BU_Rt[�SDe\�rdlZ�U
Rk©�wGU_Z�PzSDR�f¨hDR�aOa%Z�Px[�MgZ�fG|ª£«S�[�KGSDf¨hDZ�bkPGR�UpS�[�KGS�PzSDUpdlZ�UpbkR�fGhDS�Z�d�[�KGS�Z�Px[BMOb�R�a%N�[�UpR\[BSBet�
dlZ�ULWGMgyTSDUpSDf�[�WGSDe�U_SDSDNLZ�d�[�KGS.Mgf�X+SBN�[BZ�Up¬ONLU_MgN_o�muRuX�SDUpN_MOZ�f+|

¯®�°²±:³ C�´�?�µ ©ª¦khDMgSDf�[¨KGSDWGe�MgfGe��]¶.wGR�fB[�MOagS��^SDWGe�MgfGe��ªvYwGb�PxmuWGMOyzwGN_MOZ�f+��bkR�U�[�MgfGe�R�aOS
b�SDR�N_wGU_SD|

·
¸^¹ FHº�EG?B?B»�¼�FHEGAB» ³�½ µ�¾§¿tÀ � ¾§¿\Á � ¾�¿\Â �%ÃÅÄ ¿ |
Æ EGABÇ ®�È EGAD»�FH?:É@Ê@>�Ë ® FHA:Ì�º�E+?B?B»�¼@F�E+AD» ³z½ÎÍDÏHÐ�Ð@Ï�Ñ µQÒ�À � Â�À � Ò�Á � À�Â � Ò�Á � À ���TÓ À�Ô^À Ó�|
Ï IÖÕ ½ ADC ³ ´@Ê@F�AB» ³�½ I
JLKGS×PGU_Z�`+agSDbØZ�d�KGSDW+e�MOfGe0R�hDZ�f�[BMOfGe�SDf�[khDagR�Mgb n M�[�K�PGU_Z�`GR�`GMgaOM�[���Z�fGS�MgN n SDaga�wGfGWGSDU�m

N�[�Z�Z�W¯MOf¯R�hBZ�bkPGagSY[�S9¡GfGR�fGhDMOR�a�bkR�U_o�SY[�|j}�fk[BKGMON]N_M�[BwGR\[BMOZ�f+��SYX+SDU���hDZ�f�[�MgfGe�SDfB[ihDagR�Mgb~hDR�f
`zS�U_SDPGagMOhDRt[�SDWrPzSDU_dlSDhY[Ba��Ù`B�ÙMOf�X+SDN�[�MgfGe0[�KGS�wGfGMg��wGS�R�Up`GM�[BU_R�e�SYmudlUpSDS�PGU_MghDSD|Ù�^Z n SYX+SDU_��`��
SDagMOb�MOfGRt[�MOfGe][BKGSÅU_MgN_o�hDZ�bkPGaOSY[BSDa��k[�KGS^MOf�X+SDN�[�Z�U�R�aON_Z][�R�o�SDN�R n RÚ�k[�KGS^h�KGR�fGhDSÅZ�dÛb�R�o�MOfGeiR
PGUpZ�¡x[�|kÜ�SDhDSDf�[ n Z�U_o¨N�[BwGWGMOSDNV[�KGS×��wGSDN�[BMOZ�f n KGR\[�R�f�MOfBX�SDN�[�Z�U n KGZ0MgNjN_KGZ�U�[Å[�KGS×Z�Px[�MgZ�f
hDR�f¥WGZ¨MgdQKGS�MgN9wGf n MOagaOMgfGe�[�Z¨Mgf�X�SDN�[�[BKGS�PGUpMOhDSkZ�d�[BKGS�Z�Px[�MgZ�f�hDZ�b�PGaOSY[�SDa��rMOf�[�KGSkKGSDWGe\m
MgfGe¢N�[�UpR\[BSDe\�H|�Ý^fGWGSDU�[�KGMgNihDZ�fGN�[�UpR�Mgf�[��@[�KGSsMgf�X�SDN�[�Z�UiMgNifGZ\[0R�`GagS9[�Z�SDaOMgbkMgfGR\[BS9[�KGSsUpMON_o
hDZ�bkPGaOSY[BSDa��H|�}ÞfGN�[�SDR�WG�zfGZ9bkRt[_[BSDU n KGMgh�K§R�WGbkMgN_N_MO`GaOS�N�[�UpR\[BSDe\�×[�KGS�MOfBX�SDN�[�Z�U�h�KGZ�Z�N_SDNu�zKGS�MON
dlR�hDSDW n M�[BK�R�N�[�UpMOhY[Ba���PzZ�N_M�[BM�X+S�PGUpZ�`GR�`GMOagM�[Þ�i[�KGR\[]KGS n MgaOa+MgfGhDwGUªR�f+Z�f�[BU_M�X
MOR�a+ßÚàzáDâxã äDå�ælæèçÖ[�KGS
WGMgyTSDUpSDfGhDSj`zSY[ n SDSDf:[�KGSQX!R�aOwGSjZ�dÛK+MgN�PzZ�U�[�d¤Z�agMOZ×R�fGW:[�KGSVXèR�aOwGSÅZ�dG[�KGSÅZ�Px[BMOZ�f�R\[�[BMOb�S�é�êp|
�^SDfGhDSD��N_Z�bkSsZ�Px[�MgbkR�aOM�[��«hDU_M�[�SDUpMOZ�f�Z�f¯[BKGSsN_KGZ�U�[BdlR�aOaVMONifGSDSDWGSDW�Mgf�Z�UpWGSDU][BZ¢WGSY[BSDU_b�MOfGS
[BKGSkb�Z�N�[kSD¦khDMgSDf�[�KGSDWGe�MOfGe�N�[BU_Rt[�SDet�H|�}Þfq�����g�ª�L�Z�aOagbkSDUjR�fGW��ÛSDwGo�SDU�[�N�[�wGWGMgSDW�N�[�U_Rt[�SDe�MOSDN
[BKGR\[�N_wGhDhDSDNuN_dlwGaga��'KGSDWGe�S^[BKGS×Z�P�[BMOZ�f n M�[BK�ë�åDìBílë�åHæHîzâ\áHïÚå�ï_íYæ íYã�ð§MOf§[�KGS×hDagR�N_NjZ�d�R�aOa,N_SDaOdñm
¡GfGR�f+hDMgfGesN�[�UpR\[BSDe�MgSDN n M�[�K�U_SDN�[BU_MghY[�SDW�hDZ�N�[�|:JLKGSY�¥hDR�agaOSDW�[�KGS:Z�Px[BMOb�R�a@KGSDWGe�MgfGesN�[�UpR\[BSDe\�
Mgf�[�KGMgN9hDaOR�NuN9R'ò_ó)å\ô�ã�íYæöõiàzõu÷Dø�ílô+ø0ß1ã�â\åHã�õùø�ð�R�fGW¥N_KGZ n SDW¥KGZ n [�KGS�WGSY[BSDU_bkMgfGR\[BMOZ�f¥Z�d@[�KGS
��wGR�f�[�MgaOSiKGSDWGe�MgfGe0N�[�UpR\[BSDe\�'hDR�f�`zS×UpSDWGwGhDSDWs[BZ0hDZ�b�PGwx[�MgfGe:[�KGSiZ�Px[BMOb�R�a,ßÚó
úÚúÚõ_ßÚß9ß1õ�ã�`��
b�SDR�fGNLZ�d+[�KGS.û^SY�
b�R�fxmu�,SDU_N_Z�f¨�ÛSDb�bkR

}�f������O���L�Z�aOagbkSDU%R�fGW��ÛSDwGo�SDU�[�WGSYX�SDagZ�PzSDW�RLb�Z�UpSªe�SDfGSDU_R�a�R�PGPGU_Z�R�hÚK�[BZ�KGSDWGe�SªR�f�Z�Px[�MgZ�f
Mgfj[�KGSLb�Z�N�[�SDyTSDhY[BM�X+S n RÚ�0e�M�X�SDfj[BKGSLhDR�PGM�[�R�a+hDZ�fGN�[�UpR�Mgf�[�üVJLKGSY�0U_SDPGaOR�hDSDWj[�KGS�hDU_M�[�SDU_MgZ�f�Z�d
ý�þ,ÿ��������	��
�����������������������������	��������� ���"!�ÿ�#$���"����%�&('*),+-� ÿ����.&(�-��%"�"�"���/10 ��ÿ�2(����34� ����!1ÿ�#$���"��������56�%"�"���"����ÿ7&(�8�	%�����9:&(;<��%"%"���

¿



b�R\�
MgbkMg DMOfGe�[�KGS�PGU_Z�`GR�`GMOagM�[Þ�×Z�d>=�fGZLN_KGZ�U�[�dlR�aOa?=L`��Å[BKGSªWGSDb�R�fGW�[BZLbkMgf+MgbkMg DS)[BKGSªSY�
PzSDhY[�SDW
N_MO DS§Z�d�[BKGS§NuKGZ�U�[BdlR�aOa n SDMOe�K�[�SDW'`��«N_Z�bkS§aOZ�NuN:dlwGfGhY[�MgZ�fA@l|'J�KGSsZ�Px[�MgbkR�aVN�[�U_Rt[�SDet� n M�[�K
UpSDNuPzSDhY[i[BZ§[BKGMONiWGSDbkR�fGW�MgN][�KGSDf�hDR�agaOSDW�R�f{õ�BqúpíYõ_ô�ãQàzõu÷Dø�ílô+ø�N�[BU_Rt[�SDet�H|�JLKGSY�qN_KGZ n SDW
[BKGR\[�[BKGSÅSB¦�hDMOSDfB[.KGSDWGe�MgfGe×N�[�UpR\[BSDe\��MgN�e�M�X+SDf�`���[BKGSÅPTSDUpdlSDhY[.KGSDWGe�MOfGe×N�[BU_Rt[�SDet��dlZ�UQNuZ�bkS
b�Z�WGMO¡GSDW«Z�P�[BMOZ�fG| }�f«R¥N_SDhDZ�fGWqN�[BSDPG�Q[BKGSY� WGSDbkZ�fGN�[BU_Rt[�SDW«KGZ n [BK+MgN�bkZ�WGMg¡GSDWqZ�Px[�MgZ�f
hDR�f«`TS¨hDZ�bkPGwx[BSDW«`�� b�SDR�fGN�Z�dV[�KGS¨wGfGMg��wGS¨SD��wGM�X!R�agSDf�[�b�R�U�[�Mgf+e�R�aLb�SBR�N_wGU_S¨R�fGW�[�KGS
WGSDU_M�X!R\[BM�X+S×Z�d)[�KGSiaOZ�N_NjdlwGfGhY[BMOZ�fG|kJ�KGS×��wGR�f�[BMOagS×KGSDWGe�MOfGe0N�[BU_Rt[�SDet��R�PGPzSDR�UpNjR�NjR0N_PzSDhDMOR�a
hDR�NuSÅZ�d�R�f0SD¦khDMOSDfB[.KGSDWGe�MgfGe×N�[�U_Rt[�SDet��dlZ�U�R×N_w+M�[�R�`Ga���WGSD¡GfGSDW0aOZ�N_N�dlwGfGhY[BMOZ�fC@l|��^SDfGhDS n S
wGN_SQ[BKGSQ[�SDUpb D�SD¦khDMgSDf�[(=�Mgfi[�KGSÅN_SD��wGSDa n M�[BKi[BKGSjwGfGWGSDU_N�[�R�fGWGMOfGe^[BK+Rt[�[�KGSj��wGR�f�[BMOagSjhDR�N_S
MgN�R�agNuZ�MOfGhDagwGW+SDWG|

}�f¢[�KGS�PGU_SDN_SDf�[¨PGR�PzSDU_� n S�R�PGPGa��'[�KGS�U_SDN_wGa�[BNkZ�d^���Z�agaOb�SDU�R�fGW �ÛSDwGo�SDU�[¨Mgf3������R�fGW
������[BZ0WGSDUpM�X+SiSY�
PGagMOhDM�[×dlZ�U_b:wGaOR�NÅdlZ�UV[BKGSiSD¦�hDMOSDf�[×KGSDWGe�MOfGesN�[�UpR\[BSDe\�¥MOf�R9vYwGbkPxmuWGMgyTwGN_MgZ�f
b�Z�WGSDa�e�M�X�SDf�`���SD��wGRt[�MgZ�fGN×ç ¿ ê_�ùç Á ê]R�fGW�ç���êp|L£«S:N_KGZ n KGZ n [�KGS:SD¦�hDMOSDf�[iKGSDWGe�S:hDR�f¯`TS
WGSDU_M�X+SBW�d¤U_Z�b R�f§Z�U_WGMgfGR�U���PGR�U�[�MgR�a+WGMOyzSDU_SDf�[BMOR�a+SD��wGR\[BMOZ�f n KGSDU_S�[BKGS�`TZ�wGfGWGR�U���hDZ�fGWGM�[�MgZ�f
MgN.e�M�X+SDf�`��¯[�KGS×b�Z�WGMO¡GSDW�Z�Px[BMOZ�fG|s}Þf0[BKGS�N_PzSDhDMOR�a�hDR�N_S×Z�d�R�©�wGUpZ�PzSDR�f�hDR�aga�Z�Px[BMOZ�fG� n S
WGSDbkZ�fGN�[�UpR\[BS.KGZ n [�KGS.bkZ�WGMO¡GSDW�Z�Px[BMOZ�f�hDR�f�`zS.hDZ�fGN�[�UpwGhY[�SDW�`���hDZ�bkPGwx[BMOfGeÅ[�KGS.U_Z�Z\[�Z�d
R.U_Rt[�KGSDU�N_MOb�PGaOSLSD��wGR\[�MgZ�fG|�£qS,[�KGSDfkhDZ�bkPGR�U_S�[BKGSLPzSDU_dlZ�U_b�R�fGhDSLZ�d�[BK+S�Z�Px[BMOb�R�aGN�[�UpR\[BSDe\�
dlZ�ULWGMgyTSDUpSDf�[�WGSDe�U_SDSDNLZ�d�[�KGS.Mgf�X+SBN�[BZ�Up¬ONLU_MgN_o�muRuX�SDUpN_MOZ�f+|
E IGF ® ?BFHC�»IH@AD» ³�½ ³KJ ADÇ ®¯Æ ³ ´ ® ºQE ½ ´ =sÊ-L)»�º�»�EGC ° C ® ?BÊ@º�AD?�I
��SY[�çIM4N�OPN	QSR çTOVU ê�U1W�XYND�ªê]`TS9R§N�[�R�fGW+R�U_W¯N�[�Z�h�KGR�N�[�Mgh:`GR�N_MON_|�£qS9R�N_N_wGbkSL[�KGSDUpS:R�U_S

[ n Z'U_MgN_o��ÎR�N_N_SY[�N[Z:\§R�fGW]Z*^ n KGZ�N_S¯P+UpMOhDSYmuPGUpZ�hDSDN_N_SDNsR�U_S¯WGSDN_hDU_Mg`TSDWq`��r[BKGS�d¤Z�agaOZ n MgfGe
N�[�Z�h�KGR�N�[BMOh.WGMOyzSDUpSDf�[�MgR�a)SD��wGR\[BMOZ�fGN

_ Z<`U RaZ<`U�b çdc*` _(egfih ` _�j Ulknmo` _op Uùê�N�qrR ¿ N Á N ç ¿ ê

n KGSDU_S j MgNkR�N�[BR�fGWGR�U_W¢£ MOSDfGSDU�PGUpZ�hDSDN_NkR�fGW p MON�R��,Z�MgN_N_Z�frPGU_Z�hDSDNuN n M�[�KrPzZ�N_M�[�M�X�S
Mgf�[�SDfGN_M�[��ts�|8uGwGPGPTZ�N_S:R�aON_Z�[BKGR\[ j R�fGW p R�U_S9MOfGWGSDPzSDfGWGSDf�[iR�fGW�[BK+Rt[][BK+S9¡Ga�[BU_Rt[�MgZ�fCQ
MgN�e�SDfGSDU_Rt[�SDW�`�� j R�fGW p ��c `<v N h `<w À N7m `<x ¿ |

JLKGSDU_S.MgNLRkfGZ�f�muUpMON_o��¢R�N_N_SY[zy n KGMOh�K�d¤Z�agaOZ n N�[�KGS.SD��wGR\[BMOZ�f
_ y$U�R|{�y$U _(e N7y}X~R ¿ N�{ v � ç Á ê

©%X�SDU�� PGUpSDWGMOhY[BR�`GagS�PGU_Z�hBSDN_N���R çd��U ê�U1W�X�R çpçd��U1N��g\U N���^U ê_ê�U1W�X�hDR�f{`zS�U_SDe�R�UpWGSDW{R�N
ã�â\åH÷DílôGø×ß1ã�â\åHã�õ�ø�ð×Z�ULPzZ�U�[�dlZ�aOMgZ�|�JLKGS�X!R�agwGS.Z�d@N_wGh�K�R�PzZ�U�[BdlZ�aOMgZkRt[L[�MgbkS e SD��wGR�aON

���U R|��U1y$U f � \U Z \U f � ^U Z ^U � ç Â ê

}�d+[�KGS.WGMON_hDZ�wGf�[�SDW×X!R�aOwGS��r�� Z�d@R�N�[BU_Rt[�SDet��� hDR�f�`TS.UpSDPGU_SDN_SDf�[BSDW�MOf×[BK+S.d¤Z�Upb
� �U
y$U R

� �X
y}X f

U

X
^
`6� \
� `� _

Z `�y �
ç���k«R�|gNu|gê�N ç���ê

[BKGSBf��«MgN]hDR�agaOSDW¨ß1õ�æ ä�����ô�åDôÛú_ílô+ø�| Ô NuSDagdñmu¡GfGR�f+hDMgfGe�N�[�UpR\[BSDe\� n M�[�K¨fGZ�fxmufGSDe�R\[BM�X+SLX!R�agwGS9Rt[
R�f��s[BMObkS.MgNLhDR�agaOSDW¥åH÷\ë×ílßÚßÚíYïBæöõ_|

JLKGSkb�R�Upo�SY[�ç ¿ ê�m�ç Á ê.MgN§úÚáDë]î,æöõ�ã�õ.MOdÛ[�KGS�dlZ�aOagZ n MOfGe�hDZ�fGWGM�[�MgZ�fGN�R�U_S�dlwGaO¡GagaOSDW«ç�N_SDSD��dlZ�U
MgfGN�[BR�fGhDS ��SDaOfGMgo�ZuX�R�fGWCuGKGMOU��+R�SYXr��Ä��O����Z�ago�ZuX�R�fGWC�.UpR�b�o�ZuX � Ò �gê

h ^ m \ k h \ m ^��R À N çTc:\*kt{!ê h ^rk çTc*^rk�{!ê h \
h ^ m \ k h \ m ^ w À � ç���ê

Á



Ý^fGWGSDU@hDZ�fGWGM�[�MgZ�f0ç���ê_�1[BKGSDU_SVSY�
MON�[BN,R^wGfGMg��wGSQSD��wGM�X!R�agSDf�[�bkR�U�[BMOfGe�R�agSQb�SDR�N_wGUpSQ�r� n M�[�K
agZ�hDR�a)WGSDfGNuM�[Þ�

� U�R _ �r�
_ � O~U�RÎSY�
PÛç"� � j U�k �g� ^Á egf ç�s�k]s � ê egf ç�agf4s � kqaOf4s�ê p U ê�N ç Ò ê

n KGSDU_S�[�KGS.PGR�MOUBç"�g��N(sl�pêLMgN�e�M�X+SDf�`��s[BKGS.w+fGMg��wGS.N_Z�agwx[�MgZ�f�Z�d�[�KGS.SD��wGR\[�MgZ�f
c \ k�{ R k h \ � � f m \ s �
c¡^rk�{ R k h ^Y�¢� f m£^Ysl� N7s � w À � ç�¤�ê

Ý^fGWGSDU.[BKGS¨bkSDR�N_wGU_SP¥ � � j �U R j U¢k¦� � e MON�R�£ MOSDfGSDUkPGU_Z�hDSDN_N_� p MgN�R���Z�MON_N_Z�f
PGUpZ�hDSDN_N n M�[BK�MOf�[BSDfGN_M�[Þ�§sl� w À �%R�f+W j �LMgNLMOfGWGSDPzSDfGW+SDfB[9Z�d p |

Ô fGZ�fxmÚfGSDe�R\[BM�X+S¨OV©!mubkSDR�N_wGU_R�`GaOS�d¤wGf+hY[BMOZ�f«ª¬© MONshDR�aOagSDW hDZ�fB[�Mgf+e�SDf�[¢hDaOR�MOb�| ��Z�U§R
î
õ_â äDõÚúBã�KGSDWGe�SD� n SsKGRuX�S9[BZ¢¡GfGW�R¢N_SDaOdñmu¡GfGR�fGhDMOfGe¢N�[BU_Rt[�SDet��«[�KGR\[0SDaOMgbkMgfGR\[BSDN^[BK+SsUpMON_o
hDZ�bkPGaOSY[BSDa��¢MOf×[BK+S.N_SDfGN_S�[�KGRt[

�^� ���©�® ª7©)�¯R ¿
R�fGW�U_SD��w+MgU_SDNªbkMgf+MgbkR�a+MOfGM�[�MOR�a+hDR�PGM�[�R�a � �X ZÚX+SDUªR�aga�N_wGh�KkN�[BU_Rt[�SDe�MOSDN_|�J�KGMON�b�MOfGMgbkR�a�MgfGM�[BMOR�a
hDR�PGM�[BR�a%MgNLR�agN_ZkhDR�agagSBW×[BKGS�äDåDílâ�îzâ�íYúÚõLZ�d�[BKGS.Z�Px[�MgZ�fG|

£qS^hDZ�fGN_MOWGSDUQhDagR�N_N_MOhDR�aTZ�Px[BMOZ�f+NQZ�dè[�KGS^dlZ�U_b°ª7©CRaª�ç�Z:\© ê_|,£«S n MOagaTWGSDbkZ�fGN�[BU_Rt[�S�[�KGRt[
[BKGS�SD¦khDMgSDf�[:KGSDWGe�MOfGekN�[�UpR\[BSDe\��d¤Z�ULN_wGh�K¨R�f�Z�Px[�MgZ�f�hDZ�Mgf+hDMgWGSDN n M�[�K�[BKGS�PzSDU_dlSDhY[9KGSDWGe�MgfGe
N�[�UpR\[BSDe\�¢dlZ�U�Rkb�Z�WGMO¡GSDW�Z�Px[�MgZ�f¦±ª7©³²´ª7©�Z�d�[�KGS.dlZ�U_b

±ª7©CR|µ,ç�Z \© N(Z ^© ê
dlZ�UQRibkSDR�NuwGUpR�`GagSÅdlwGfGhY[BMOZ�f�µ§ü ^ ¶¸· ¶ �
Mg|OSD|g��[�KGS^bkZ�WGMg¡GSDW0Z�Px[�MgZ�fsMON�Ri`GR�N_o�SY[jZ�Px[BMOZ�fG|
��Z�U�[�KGMON�UpSDR�N_Z�f n S�¡+UpN�[§N�[BwGWx�rKGSDWGe�MgfGe¨N�[BU_Rt[�SDe�MOSDN�dlZ�U�`GR�N_o�SY[�Z�Px[BMOZ�f+N_| Ô hDhDZ�U_WGMgfGe�[BZ
[BKGSie�SBfGSDUpR�a�[BKGSDZ�U��'Z�dªPzSDUpdlSDhY[×KGSDWGe�Mgf+e�ç�N_SDS�� ¿ �g��� Á �O��� Â �g�L��Ó��@R�fGWr� ¿\À �Oêp�z[�KGS:w+fGMg��wGS:dlR�MgU
PGUpMOhDS.Z�d@Rk`GR�Nuo�SY[9Z�Px[�MgZ�f�MgN�e�M�X+SDf�`��

çöé~N7Z \X N(Z ^X êªü?R ¸ � � µ@ç"Z \© N7Z ^© ê�¹ b£º�© �»N
n KGSDU_S ¸8� WGSDfGZt[�SDNLSY�
PzSDhY[�Rt[�MgZ�f n M�[BK�U_SDN_PzSBhY[�[�Z�� � |

�@�s[�KGS.} [�ZtmudlZ�U_b:wGaOR n S.Z�`x[�R�MOf

Z<`U R Z<`X SY�TPK¼ h ` j U f çdc*`Kk ¿
Á ç h `�ê ^ ê e�½ ç ¿ knmo`�ê�¾l¿

R Z `X SY�TPK¼ h ` j �U f çdc ` fih ` � � k ¿
Á ç h ` ê ^ ê e¬½ ç ¿ k]m ` ê ¾À¿

R Z `X SY�TPK¼ h ` j �U f çd{ f m ` s � k ¿
Á ç h ` ê ^ ê e�½ ç ¿ k]m ` ê ¾l¿ ç�Ä�ê

R�fGW
Á `U R Z `U

y$U R Á `X SY�
P¯¼ hÀj �U f ç�mo`"s � k ¿
Á ç h `�ê ^ ê e�½ ç ¿ knmo`�ê�¾l¿ �

J�KGS¨`GR�N_Mgh¨Z�`+N_SDU�X!R\[�MgZ�f MON.[BKGR\[k[BKGS¨Mgf+WGSDPzSDfGWGSDfGhDS¨Z�d j �kR�fGW p R�fGW ç�Ä�êkMOb�PGa���[�KGS
e�SDfGSDU_R�a)PGU_MghDMOfGe�dlZ�U_b:wGaOR�dlZ�U�`GR�N_o�SY[�Z�Px[BMOZ�fGN_ü

ç�é4N(Z \X N(Z ^X êÂR Ã
Ä � XKÅ ÄoÆ

© ¸ � µ,ç�Ç \Ä£Æ © N(Ç ^Ä£Æ © ê�¹ b£º�© N ç�Ó�ê

Â



n KGSDU_S

Å Ä£Æ ©¨ü?Ra¹
b.È¬ÉÊ© ç"s � é�ê Ä

Ë¢Ì
R�U_S§[�KGS n SDMge�K�[BN�Z�d�[BKGS�PzZ�MgN_NuZ�f{WGMgN�[BU_Mg`Gwx[�MgZ�fÙR�fGWÍÇ `Ä£Æ © R�UpS�agZ�e�fGZ�UpbkR�aOa�� WGMgN�[BU_Mg`Gwx[�SDW
UpR�fGWGZ�b X!R�UpMOR�`GaOSDNLwGfGWGSDU4¥Î�pü

aOfÛç�Ç `Ä£Æ © ê:ÏiÐ aOfÛ�ÑZ `X ç ¿ k]m ` ê Ä � f � {Òk ¿
Á ç h ` ê ^ f m ` s � � é4N h `�Ó é � ç ¿\À ê

}Þf�[�KGS�N_PzSDhDMOR�a�hDR�N_S�Z�dQR¯©�wGUpZ�PzSDR�f�hDR�aga�Z�P�[BMOZ�f n M�[�K¥PGRu�+Z�y�ª�ç�Z:\© ê8R ç"Z:\© kaÔ�ê ¶ dlZ�U
N_Z�b�S�N�[�UpMOo�S³Ô w À � n S�Z�`x[�R�MOf dlUpZ�b ç�Ó�êkR�fGW3ç ¿tÀ êÅ[�KGS�wGfGMg��wGS�dlR�MgUkPGUpMOhDS¥ç n KGMgh�K MON
MgfGW+SDPzSDfGWGSDf�[�Z�d-Z*^X êpü

ç�é4N7Z \X êÕR Ã
Ä � X

��Ö ç"Z \X(× ÄoÆ ©*N(Ô[Npé�ê Å Ä£Æ © ç ¿�¿ ê

n KGSDU_S ��Ö WGSDfGZ\[BSDN�[�KGS ØjæöåHú�ÙY�ÊÚÛú_àzáHæöõpßQîzâ�íYúÚõLd¤Z�UpbiwGagR
��Ö ç�Z�X�N7Ô�NYé�êÛR Z�X(Ü9ç _ ¶ ç�Z�X�N7Ô�ê_ê<knÔ�¹ b£º�© Ü9ç _ b�ç"Z�XYN7Ô¢êpê�N ç ¿\Á ê
_>Ý ç�Z�XYN(Ô�êÛR agfÛç"Z�XBê<kqagfÛç"Ô�ê f çT{ Þ \^ ç h \pê�^Bê�éh \ Ó é N ç ¿\Â ê

Ü�çdßÛê�MgN
[�KGS�N�[�R�fGWGR�UpW�fGZ�UpbkR�aGWGMgN�[�UpMO`Gwx[�MgZ�f×dlwGfGhY[�MgZ�f�R�fGWÅ[�KGS�hDZ�fGN�[�R�f�[�N × Ä£Æ ©�R�U_S�WGSD¡GfGSDW`��¢bkSDR�f+NLZ�d
× Ä£Æ ©CR ç ¿ k]m \ ê Ä ¹áà�â È�ÉÊ© N Ë v � ç ¿ ��ê

JLKGS@X!R�aOwGS�Z�d�R�f×©ªwGU_Z�PTSDR�f×Z�Px[�MgZ�f×hDR�f×R�aON_ZÅ`zS�hDZ�b�PGwx[�SDWi`��sb�SDR�fGN,Z�d�[�KGS�d¤Z�agaOZ n MgfGe
PGR�U�[�MgR�a)WGMOyzSDUpSDf�[�MgR�a)SD��wGR\[BMOZ�fG|
ãzà�õÚáDâ\õ_ëåä£æèç,õ�ãÛß1áDë�õ�ïÚåDßáÙ�õ�ãQáYî@ã�íYáDô�µ.©PRnµ,ç�Z:\© N(Z¡^© ê×ïÚõÅøBí6é�õ_ô�æ[ã�àzõ_ô ãöàzõ�é�å�æ ó)õ�áYä:ã�àzõ
î
õ_â äDõÚúBã�àzõÚ÷Dø�ílôGøsß1ã�â\åHã�õùø�ð¥å�ã�ã�ílë�õ e ílßiø�í6é�õ_ôÙïpð¥å.äYó!ô�ú�ã�íYá\ô ç�Z:\U N(Z*^U N e êsá�ä�ã�àzõsú_ó!â�â\õ_ô�ã
åDßuß1õ�ãGîzâ�íYúÚõpßkåDô�÷sã�ílë�õiã�àzåHã%ß1åHã�ílß"�Qõ_ßkãöàzõ�î
å\â�ã�í�åHæ%÷Dí�ê]õ_âDõpô�ã�íYåHæ)õÚò_ó)å�ã�íYáDô

ç"Z:\UIb ç ¿ knmK\pê�N7Z*^U�b ç ¿ k]m.^Bê�N e ê<k ç�Z:\U�b N(Z*^UIb N e ê sÀ� f {�Z:\U�bìëë	í ç�Z:\U�b N7Z*^U�b N e ê
f {�Z*^U�b�ëë	î ç"ZÂ\UIb N7Z*^U�b N e ê f ëë U ç"Z:\U�b N(Z*^UIb N e ê f \^ ç h \�Z:\U�b ê"^ ë�ïë	í ï ç"Z:\U�b N7Z*^U�b N e ê
f \^ ç h ^YZ*^U�b ê"^ ë�ïë�î ï ç"Z:\UIb N(Z*^UIb N e ê f ç h \ h ^YZ:\U�b Z*^UIb ê ë�ïë	íáë	î ç�Z:\U�b N7Z*^U�b N e ê�k�{ ç"Z:\U�b N(Z*^UIb N e ê
f ëë�í ç"Z \U�b N(Z ^UIb N e ê�m \ s � Z \U�b f ëë�î ç�Z \U�b N7Z ^U�b N e ê�m ^ s � Z ^U�b R À

ç ¿ ��ê
ð í�ã�à�ïÚá\ó!ô�÷HåDâ�ð¯úÚáDô�÷DíYãöíYáDô

ç�Z \© N(Z ^© NYé�êÂR|µ@ç"Z \© N7Z ^© ê �
ãzà�õ×úÚáDë]î
áDô�õpô�ã�ß$�:N��g\�N���^�áYä:ã�à�õ�î
õpâÞäDõÚúBãÛàzõÚ÷\ø�ílô+øiß1ã�â\åHã�õùø�ð¯åDâ\õ^ø�í6é�õpôrï_ð

�¢\U h \�Z:\U�b f ��^U h ^YZ*^U�b RaZ:\U�b h \ ëë	í ç"ZÂ\UIb N7Z*^U�b N e ê f Z*^U�b h ^ ëë	î ç"Z:\UIb N7Z*^U�b N e ê
�¢\U m¯\�Z:\UIb f ��^U m.^YZ*^U�b R ç�Z:\U�b N7Z*^U�b N e ê<k ç"Z:\UIb ç ¿ knmK\pê�N(Z*^UIb ç ¿ k]m.^Bê�N e ê�N ç ¿\Ò ê

åDôÛ÷
��U�R ç�Z \U�b N7Z ^U�b N e ê<kt� \U Z \U�b kt� ^U Z ^UIb

y$U � ç ¿ ¤�ê
�



£«S.K+RuX+S.R�N_N_SDb:`+agSDW×[�KGS.PGUpZ�Z�d¤N�[BZkR�aOa![�KGSDZ�U_SDb�N�Mgf×[�KGS.R�PGPTSDfGWGM��
|
Ô e�R�MOfG� n SÅhDZ�fGN_MOWGSDU�[�KGS^NuPzSDhDMgR�aThDR�N_SÅZ�dÛRi©�wGUpZ�PzSDR�fshDR�aga
Z�Px[�MgZ�fG|��]SDU_SD��[BKGSÅhDZ�bkPzZ\m

fGSDf�[BNÕ�¢\U N��l^U Z�d�[�KGS.KGSDWGe�MgfGekN�[BU_Rt[�SDet��R�UpS�[�KGS.U_Z�Z\[BN�Z�d
�¢\U h \�Z:\U�b f ��^U h ^YZ*^U�b RaZ:\U�b h \ ëë	í ç"Z:\UIb N e ê
�¢\U m¯\�Z:\UIb f �l^U m.^�Z¡^UIb R ç�Z:\U�b N e ê�k ç"Z:\UIb ç ¿ k]m¯\pê�N e ê �

R�fGWi[�KGSj¡GUpN�[�hDZ�bkPzZ�f+SDfB[�Z�d+[BKGSjKGSDWGe�SjhDR�f�`zSjWGSY[�SDUpbkMgfGSDW�dlUpZ�b�ç ¿�¿ ê�R�fGW�ç ¿ ¤�ê_|�©ª��wGR\m
[BMOZ�f¥ç ¿ ��êLN_MgbkPGagMO¡GSDN�[�Z

ç�Z \U�b ç ¿ k]m \ ê�N e ê<k ç�Z \U�b N e ê s � f ëë U ç�Z \U�b N e ê f \^ ç h \ Z \UIb ê ^ ë ïë	í ï ç�Z \U�b N e ê
f {�Z \UIb ëë	í ç"Z \U�b N e ê<kt{ ç"Z \UIb N e ê f ëë�í ç�Z \U�b N e ê�m \ s � Z \U�b R À �

uGZ¨d¤R�Up� n SkKGRÚX+SkSY�
PzZ�N_SDW�[�KGSkN�[�R�fGWGR�UpW�[BKGSDZ�U��rZ�dQPGUpMOhDMgfGe¨R�fGW¥KGSDWGe�MOfGe¨Mgf�[�KGSkb�Z�WGSDa
wGfGWGSDULhDZ�fGN_MOWGSDUpR\[BMOZ�f+|,£qS.fGZ n [BwGU_f×[BZj[BKGS.PGU_Z�`GaOSDb Z�d@SD¦�hDMOSDf�[�KGSDWGe�MgfGe�|
ñ I ¸�ò FH» ®�½ A ó ® ´-ô�» ½ ô@I
¾ M�X�SDf�R�f�wGPGPzSDUL`zZ�wGf+W ��X xSõ � �ö¹ b£º1© ª © �%Z�f×[�KGSjMOfGM�[�MgR�a)hDR�PGM�[�R�a n KGMOh�K�MONLRuX!R�MgaOR�`GaOS.dlZ�U
KGSDWGe�MgfGe.[BK+S�Z�P�[BMOZ�fPª7©)�G[�KGS�SB¦�hDMOSDfB[:KGSDWGe�Mgf+ekN�[BU_Rt[�SDet�¸�qMgN]WGSD¡GfGSDW¨R�N�[�KGS�N_Z�agwx[�MgZ�f¨Z�d
[BKGS.dlZ�agaOZ n MOfGekPGUpZ�`GagSDbkü õ �ö@Yç_ç�ª7©�k ���© ê ¶ êp�¯RÎbkMgf� ç ¿ Ä�ê
n KGSDU_S0[�KGS�b�MOfGMgbiwGb MON×[BR�o�SDf ZÚX+SDU�R�aOajR�WGb�MON_N_MO`GagS�N�[BU_Rt[�SDe�MOSDN×[BK+Rt[¥N_Rt[�MgN_dñ� [�KGS�hDZ�N�[
hDZ�fGN�[BU_R�MOf�[

���X ² � X � ç ¿ Ó�ê
��Z�U�[BKGS.WGSD¡GfGM�[BMOZ�f�Z�d�[BKGS�XèR�aOwGS.PGUpZ�hDSDN_N � � hDd¤|LSD��wGRt[�MgZ�fGN9ç Â êLR�fGW¥ç���ê_|÷ Z�f+hDSDUpfGMOfGe�[BKGSLNuZ�aOwx[BMOZ�f�Z�dTPGU_Z�`GaOSDb~ç ¿ Ä�ê_� n SLR�UpS�e�Z�MgfGe�[�Z.hDZ�fGN_MOWGSDU)[ n Z�MOb�PzZ�U�[�R�f�[
N_PzSDhDMOR�a%hDR�NuSDN_ü
ç�MgêtøQó)åDôÛã�íYæöõVùiõÚ÷\ø�ílô+ø

JLKGS.aOZ�N_N�d¤wGfGhY[�MgZ�f�MgN�e�M�X+SDf�`��§@YçdßÛêÂRaú(û X Æ Ãèü
çdß�êp|L}Þf×[BK+MgNLhDR�N_SD� n S.Z�`x[�R�MOf

õ �Ñ@pçpç"ª¬©ìk ���© ê ¶ ê_��R õ �öú�ý�þ�ÿ � �þ �¯Ra¥��Ñª7© w �,�© �
MO|gSD|�PGU_Z�`GaOSDb ç ¿ Ä�ê�MON�SD��wGM�X!R�agSDf�[�[BZ¨ë�åDì�í¤ë×í��Úílô+ø�[BKGS�PGUpZ�`GR�`GMOagM�[Þ�rZ�dQR¨N_wGhDhDSDN_N_dlwGa
K+SDWGe�S8¥��Ñª7©³² �,�© �g|

ç�MOMgêCç,á ð õ_â�î
åDâxã�íYåHæ!ë�áDë�õ_ô�ã�ß
JLKGS.aOZ�N_N�d¤wGfGhY[�MgZ�f�MgN�e�M�X+SDf�`��§@YçdßÛêÂR|ß���d¤Z�ULN_Z�bkS Å w ¿ |

û^Zt[�S@[BKGR\[,[�KGSQU_MON_oBmuf+SDwx[BU_R�a!hBR�N_S @pçTß�êÕRiß�MON�fGZt[LMgfGhDaOwGWGSDW×Mgf×Z�wGU,R�fGR�a��TNuMgN_|Q�^Z n SYX�SDUp�+wGN�m
MgfGe�[BKGS�U_SDN_wGa�[BN�Z�d@�����GhDZ�fGhDSDU_fGMgfGe�[BKGS�U_MgNuoBmufGSDwx[�U_R�aèhDR�N_S�R�f+W^[�KGS�bkSY[BKGZ�WGZ�aOZ�e\�0PGUpSDN_SDf�[�SDW
`zSDaOZ n SDR�N_MOa��s�
MgSDaOWGNLdlZ�U_b:wGaOR�N�N_MgbkMgaOR�U�[BZj[�KGS.��wGR�f�[BMOagS.hDR�N_SD|÷ Z�f+hDSDUpfGMOfGes[�KGS���wGR�f�[BMOagS�hDR�N_S��ùí����]���Z�agaOb�SDU�R�fGWr�ÛSDw+o�SDU�[�N_KGZ n SDWrMgfÎ�����,[BKGR\[×[�KGS
��wGR�f�[�MgaOS�KGSDWGe�MOfGekN�[BU_Rt[�SDet� ±�«dlZ�U�Rk©�wGU_Z�PzSDR�f¨Z�Px[BMOZ�f¨Z�dz[BKGS�dlZ�Upb ª7©PR ª�ç"Z:\© êLMON�e�M�X�SDf
`��§[�KGS.PzSDU_dlSDhY[�KGSDWGe�MgfGekN�[�UpR\[BSDe\��d¤Z�U,[�KGS.o�fGZ�hÚo�Z�wx[_muZ�P�[BMOZ�f ±� ª7©�WGSD¡GfGSDW�`�� \

±� Raú
	����� É ÿ��� ý þ�� N ç Á�À ê��� ÿ���ÿ 9Tÿ¦!���3tÿ ��%ùÿ�� �"!�ÿ �d����� ��!��	� �"!�ÿ �"�������#$�����	�"���	 �����"� !���%��Yÿ��"� #�ÿ���%�����ÿ7&��6� ÿ7�� ��������! #"%$�&('�)(*,+.-0/ �1�2  43 &(�����èÿ657���	�"���� -87:9 2 �
�



n KGSDU_S�[�KGS.hDUpM�[BMOhDR�aèX!R�agwGS ±; KGR�N�[�Z�`TS.hDZ�bkPGwx[�SDW�`B��bkSDR�fGN�Z�d�[BKGS.hDR�PGM�[BR�a)hDZ�fGN�[BU_R�Mgf�[
¸ � ¹ b£º�© ±� ª7© R � X � ç Á�¿ ê

J�KGSÅbkR\�TMOb�R�aTPGU_Z�`+R�`GMOagM�[Þ�,¥k�öª7©³² � �© �
Z�dÛR×N_wGhDhDSDN_N_dlwGa
KGSDWGe�SV[�KGRt[.hDR�f0`TSÅR�h�KGMOSYX+SDW0`��
R�f���R�WGbkMON_N_Mg`GaOS.N�[�UpR\[BSDe\���rNuRt[�MgN_dñ�
MgfGej[BK+S.hDZ�N�[9hDZ�fGN�[BU_R�MOfB[sç ¿ Ó�ê�MON�[BKGSDf�e�M�X�SDf�`��

¿ k=< ü?R õ � ±� �
R ¥��Ñª7©³² � ��© � � ç Á�Á ê

}Þf�[�KGS¨UpMON_o�RuX�SDUpN_S¨hDR�N_S>�ùílí����j���Z�agaOb�SDU�R�fGW«�ÛSDw+o�SDU�[¯N_KGZ n SDW«Mgf ������[�KGRt[�[BKGS¨SD¦khDMgSDf�[
KGSDWGe�MgfGekN�[BU_Rt[�SDet� ±� MgN�e�M�X+SDf�`��s[BKGS.PTSDUpdlSDhY[9KGSDWGe�MOfGe�N�[BU_Rt[�SDet��dlZ�U�[BKGS.bkZ�WGMg¡GSDW�hDaOR�MOb

±ª7©�ü?R´ª¬©ìk ±; � â?A@ â© B ª7© ç Á�Â ê

n KGSDU_S � © n R�N§WGSD¡GfGSDW«Mgf ç Ò êkR�fGW�[�KGS¨hDZ�fGN�[BR�fB[ ±; KGR�N�[BZ¥`zS¨WGSY[�SDUpbkMgf+SDW«d¤U_Z�b�[�KGS
hDR�PGM�[BR�a%hDZ�fGN�[�UpR�Mgf�[

õ � � ±ª7©8¹ b£º�© �¯R � X � ç Á ��ê
��SDdlZ�U_S n SÅN�[�Rt[�SV[�KGSÅUpSDN_w+a�[�N�hDZ�f+hDSDUpfGMOfGeiSD¦khDMgSDf�[.KGSDWGe�MgfGe×N�[BU_Rt[�SDe�MOSDN_� n SÅKGRuX�SV[BZ×Mgf�[�UpZ\m
WGwGhDS.N_Z�b�S.fGS n Z�`èvYSDhY[BN_|L�,MOUpN�[B� n S.WGSD¡GfGS�[�KGS.hDZ�fGN�[BR�fB[�N

C R sÀ�
s@ç ¿ knm \ êED ÉF â R�fGW ç Á ��ê

G R k � �
h \ ç Å k ¿ ê � ç Á�Ò ê

£«S.WGSDf+Zt[�S.`B�IH \ ç ;.J�Ë ê:²KH ^ ç ;.J�Ë ê�[BKGS.U_Z�Zt[�NLZ�d�[�KGS.SD��w+Rt[�MgZ�f
ß b D ÉF â R C Ä ; çdß[k]Ô�ê � ç Á ¤�ê

}ÞdèkML ÉN âPO ¿ �QSD��wGR\[BMOZ�fÙç Á ¤�ê9KGR�N9Z�fGa�� Z�fGS§N_Z�aOwx[BMOZ�f n KGMgh�K n S§WGSDfGZ\[BS§`��QH�ç ;.J�Ë êp|�£qS
Mgf�[�UpZ�WGwGhDS.R�wx�TMOagMOR�U���dlwGfGhY[BMOZ�fGNì± � R�fGWi± RLR�NLd¤Z�agaOZ n N_ü

± � ç�Z<N Ë NSH¬NYé�ê ü�R ��Ö ç�Z × Ä£Æ ©*N7Ô�NYé�ê<k ��Ö ç"Z × Ä£Æ ©<NSH�Npé�êk ç�H¢k]Ô�ê�¹ b.º1©MT Ü9� _ b�ç"Z × Ä£Æ ©*N
H�ê_� ç Á Ä�ê
R�fGW

± R�ç"Z*N Ë N
H \ N
H ^ NYé�ê ü?R ��Ö ç"Z × Ä£Æ ©*N7Ô�NYé�ê<k ��Ö ç�Z × ÄoÆ ©*N
H \ Npé�êf �KÖ ç"Z × Ä£Æ © NSH ^ NYé�ê<k ç�H \ knÔ�ê�¹ b£º1©UT Ü�� _ b ç�Z × ÄoÆ © NSH \ ê_�f ç�H ^ k]Ô�ê�¹ b.º1© T Ü9� _ b�ç"Z × Ä£Æ ©<NSH ^ êp� �
£«S.hDR�f�SY�
PGUpSDNuN�[BKGS.f�wGbi`zSDU p U�Z�d�vYwGb�PGN�wGP×[BZj[BMOb�S e Mgf×[�SDUpbkNLZ�dQç"Z \U N(Z ^U N e êpüL�+U_Z�b

Z<`U R Z<`X SY�
PÛç h ` j �U f çd{ f m£`�s � k ¿
Á ç h `�ê ^ ê e ê�ç ¿ k]m£`�ê"¾À¿

j �U R ¿
h ` agf

Ö.V¿Ö.VWç ¿ knm ` ê ¾À¿ k çd{ f m£`�s � k ç h ` ê ^
Á ê e ç Á Ó�ê

Ò



n S.Z�`x[BR�Mgf \N â aOf Ö â¿Ö âW k p UHaOf9ç ¿ knmK\pê<k çT{ f mK\�sl�<k û N â ü ï^ ê e
R \N ï agf Ö ï¿Ö ïW k p U�agf9ç ¿ k]m ^ ê<k çT{ f m ^ s � k û N ï ü ï^ ê e

n KGMOh�K�MgbkPGagMOSDN�[�KGS.WGSDN_MgU_SDW�dlZ�U_b:wGaOR�dlZ�U p

p U<R \N â aOf Ö â¿Ö âW k çd{ f m¯\�sl�<k û N â ü ï^ ê UN â k \N ï aOf Ö ï¿Ö ïW f çd{ f m.^�sl�<k û N ï ü ï^ ê UN ï\N â agfÛç ¿ knm \ ê<k \N ï aOfÛç ¿ k]m ^ ê R.ü p ç"Z \U N7Z ^U N e ê �
ç Â�À ê

��Z�UL��wGR�f�[BMOagS.KGSDWGe�Mgf+e�Mgf¨RÅvYwGb�P�muWGMgyzw+N_MgZ�f�b�Z�WGSDa%N_SDS.R�aON_Z¯� ¤��g|
ãzàzõÚáDâ\õ_ëYXKæ#Z�áDô+ßuíY÷Hõ_â�åU[�ó�âDáYîTõÚåDô úÚåHæ¤æ�á�î,ã�íYáDô ð íYã�à¯ß1ã�â�í6Ù�õÎÔ åDô�÷kë�å�ã�ó!â�íYã�ð×é áDô

ã�àzõ§ß�ã�á�ú�Ù�Z:\¢å\ô�÷¯ß1áDë�õsílôGíYã�íYåHæ�úÚå�îzíYã�åHæ � X xåõ �B�ö¹ b£º�© ç"Z:\© k¦Ô�ê ¶ �1æ\Z�áDô�úÚõ_â�ô+ílôGørã�àzõ
ß1ã�â�ó)úBã�ó!â\õ×áYä:ãöàzõ×ò_ó
åDô�ã�íYæÖõ^àzõÚ÷\ø�ílô+ø×ß�ã�âDå�ã�õùø�ð ±�^] ð õ×÷Dílß1ãöílô+ø�ó!ílßuà�ã ð ásúÚåDß1õpß`_
åA��kML ÉN â O ¿ åDô�÷0ï0�ìkML ÉN â w ¿

Z�å\ß1õ×åoærç,õBã ±; ÷Hõ_ô�áHã�õ×ã�àzõ]ó!ô+íYòpó)õ^ß1á�æ ó)ã�íYáDô�áYä:ã�à�õ×õÚò_ó
åHã�íYáDô
� X~R Ã

Ä � X Å ÄoÆ
©è± � ç�Z \X N Ë NSHxç ;�J�Ë ê�NYé�ê � ç Â�¿ ê

�Úå£äA� ãzàzõ�ò_ó)åDôÛã�íYæöõiàzõÚ÷DøBílô+ø�ß1ã�â\åHã�õùø�ð¯ílß�ø�í6é�õpôÎïpð�ãöàzõ^îTõ_âÞä\õÚú�ã�àzõÚ÷Dø�í¤ô+ø�ß1ã�â\åHã�õùø�ðkäDáDâ¯ã�àzõ
ë�á�÷Dí��VõÚ÷0ú�æÖåDílë

±ª�ç"Z \© N7Z ^© êÕR ç"Z \© knÔ�ê ¶ ú ¼ Ö âþ.acb û ��ed ¾ û Ö âþ Æ Ö ïþ Æ © ü�ü ½ � ç Â�Á ê

�ÚåeXS� ãzàzõ�î�âDá�ïÚåHï_íYæ íYã�ð¯áYä9õÚò_ó)åHãöíYáDôf�gXEXS�¯ã�à�åHãVã�àzõ]àzõÚ÷Dø�õ^ílßÅßÚó)úÚúÚõ_ßußùäYó)æ)õÚò_ó)åHæ ß
¿ k�<�R ¿ kn¹ b£È�© Ã

Ä � X
Ü _ b,ç"Z \X ç ¿ knm \ ê Ä NSH�ç ±;.J�Ë ê_ê f c:\<k�{h \ Ó é ç�sHé�ê Ä

Ë¢Ì � ç Â�Â ê

�ÚåEhA� ãzàzõVé�åHæ ó)õiáYä:ã�àzõ]ß1ã�â\åHã�õùø�ð¯åHãVã�í¤ë�õ e ílßÅø�í6é�õ_ô�ï_ð
ç�Z \U N(Z ^U N e êÂR Ã

Ä � X Å ÄoÆ
©�b£UY± � ç�Z \U N Ë NSH�ç ±;.J�Ë f|p ç"Z \U N7Z ^U N e ê_ê�Npénk e ê �

�ÚåeiS� ãzàzõ9úÚáDë^îTáDô�õ_ô�ãöß:�¢\6]l��^såDôÛ÷è� áYä.ã�àzõLß1ã�â\åHã�õ�ø�ð�úÚåDô'ïÚõ9úÚáDë^î�ó)ã�õÚ÷�ï_ð×ë�õÚå\ô+ßiáYä.ã�àzõ
æöåDß1ãVõÚòpó)åHã�íYá\ô�]!�áäEjA�¯åDôÛ÷k�áä�l%��æZ�å\ß1õ×ïYæ

ç@õ�ã ±; ÷Hõ_ôÛáHã�õ×ãöàzõ^ó!ôGíYò_ó)õ]ß1áHæ ó)ãöíYáDôráYä9ã�àzõ×õuò_ó)åHã�íYá\ô
� X4R Ã

Ä � X
± R�ç"Z \X N Ë N
H \ ç ;.J�Ë ê�N
H ^ ç ;.J�Ë ê�Npé�ê Å ÄoÆ © � ç Â ��ê

�Úï(äA� ãzàzõ�ò_ó)åDôÛã�íYæöõiàzõÚ÷DøBílô+ø�ß1ã�â\åHã�õùø�ð¯ílß�ø�í6é�õpôÎïpð�ãöàzõ^îTõ_âÞä\õÚú�ã�àzõÚ÷Dø�í¤ô+ø�ß1ã�â\åHã�õùø�ðkäDáDâ¯ã�àzõ
ë�á�÷Dí��VõÚ÷0ú�æÖåDílë
±ª�ç"Z \© N7Z ^© êÂR ç"Z \© knÔ�ê ¶ ú ¼ Ö âþ.acb â û ��Sd ¾ û Ö âþ Æ Ö ïþ Æ © ü�ü ½ f ú ¼ Ö âþ ÿ b ï û ��Sd ¾ û Ö âþ Æ Ö ïþ Æ © ü�ü ½ � ç Â ��ê

¤



�Úï6XS� ãzàzõ�î�âDá�ïÚåHï_íYæ íYã�ð¯áYä9õÚò_ó)åHãöíYáDôf�gXEXS�¯ã�à�åHãVã�àzõ]àzõÚ÷Dø�õ^ílßÅßÚó)úÚúÚõ_ßußùäYó)æ)õÚò_ó)åHæ ß
¿ k=< R ¿ k Ã

Ä � X
¹ b£È�© Ü _ b�ç�Z \X ç ¿ k]m \ ê Ä N
H \ ç ±;�J�Ë ê_ê f cÂ\<kt{h \ Ó é ç Â�Ò ê

k8Ü _ b�ç"Z \X ç ¿ knm \ ê Ä NSH ^ ç ±;.J�Ë ê_ê f c:\<k�{h \ Ó é ç"sHé�ê Ä
Ë¢Ì �

�Úï
hA� ãzàzõVé�åHæ ó)õiáYä:ã�àzõ]ß1ã�â\åHã�õùø�ð¯åHãVã�í¤ë�õ e ílßÅø�í6é�õ_ô�ï_ð
ç�Z \U N7Z ^U N e êÂR Ã

Ä � X Å ÄoÆ
©�b£U�± R�ç"Z \U N Ë N
H \ ç ±;.J�Ë f p ç�Z \U N(Z ^U N e êpê�NSH ^ ç ±;�J�Ë f p ç"Z \U N7Z ^U N e ê_ê�NpéÎk e ê �

ç Â ¤�ê�Úï6iS� ãzàzõ9úÚáDë^îTáDô�õ_ô�ãöß:�¢\6]l��^såDôÛ÷è� áYä.ã�àzõLß1ã�â\åHã�õ�ø�ð�úÚåDô'ïÚõ9úÚáDë^î�ó)ã�õÚ÷�ï_ð×ë�õÚå\ô+ßiáYä.ã�àzõ
æöåDß1ãVõÚòpó)åHã�íYá\ô�]!�áäEjA�¯åDôÛ÷k�áä�l%��æ

}�fGN�[BSDR�W�Z�d!PGU_SDN_hDU_Mg`GMOfGe�[�KGSªb�R\�TMOb�R�aHMgfGM�[BMOR�aHhDR�PGM�[BR�a�RÚX!R�MOagR�`GagSªdlZ�Uè[�KGSªKGSDWGe�SD� n SªhDZ�wGaOW
R�N n SDaOa�KGRuX+SV¡x�
SDW9R]bkRt�
MgbkR�a�N_KGZ�U�[BdlR�aOa�PGUpZ�`GR�`GMOagM�[Þ�m<.R�fGW9W+SY[BSDU_b�MOfGS%[�KGS�bkMgfGMOb�R�a�MgfGM�[BMOR�a
hDR�PGM�[BR�a ±� X�ç8<�ê]N_wGh�Kk[BKGR\[�[�KGSDU_S�SY�
MON�[BN^R�N�[�UpR\[BSDe\� ±��[�KGRt[iKGR�N^R�N_KGZ�U�[�dlR�aOaÛPGU_Z�`GR�`GMgaOM�[���Z�d
Rt[.b�Z�N�[n<�|�}�f9X
MOS n Z�dG[BKGSÅR�`TZuX+SV[�KGSDZ�U_SDb���[�KGMgN�MgN�SDR�N_Mga��¯R�h�KGMgSYX�SDW ^ ü ¾ M�X�SDf0Rib�R\�
MgbkR�a
N_KGZ�U�[�d¤R�agaGPGU_Z�`GR�`GMgaOM�[��o<��+hDZ�b�PGwx[�S ±; ç8<�ê�`��0bkSDR�fGN�Z�dzSD��wGRt[�MgZ�f¨ç Â�Â ê_|}uGwG`GN�[BM�[Bwx[�S ; R ±; çp<�ê
Mgf�SD��wGRt[�MgZ�f ç Â�¿ ê×R�fGW�WGSY[�SDUpbkMgfGS ±��X ç8<�êiR�N^[�KGS0wGfGMg��wGS0N_Z�aOwx[BMOZ�f�Z�d�[�KGMgN×SD��wGR\[BMOZ�f�dlZ�U
� XB|rJLKGSDfG�,[�KGSsN�[BU_Rt[�SDet� ±� e�M�X+SDf�`�� ç�R ¿ ê_��ç�R Â êiR�fGW{ç�R���ê n M�[BK�MgfGM�[BMOR�aQhDR�PGM�[�R�a ±� X�çp<�ê
N_wGhDhDSDN_Nud¤wGaOa�� KGSDW+e�SDN×[BKGS�Z�Px[�MgZ�f n M�[BK PGUpZ�`GR�`GMgaOM�[Þ� ¿ kq<qR�fGW ±� X�çp<�ê�MgN×[BKGS�b�MOfGMgbkR�a
MgfGM�[BMOR�a%hDR�PGM�[�R�aè[BKGR\[�MONLU_SD��wGMOUpSDW�[BZkSDN�[BR�`GagMON_K�N_wGh�K�RkKGSDWGe�MOfGe�N�[BU_Rt[�SDet�H|÷ Z�f+hDSDUpfGMOfGe.[�KGS9SD¦khDMgSDf�[iKGSDWGe�MgfGe§N�[�UpR\[BSDe\��Mgf�[BKGS:UpMON_o�muRuX+SDU_N_S:hDR�N_SD�@agSY[sr]ç ;.J�Ë ê]WGSYm
fGZt[�S�[�KGS.wGfGMg��wGS.U_Z�Z\[�Z�d ; Cut?A@ â r bEv R ç�rPk]Ô�ê ¶ ç Â Ä�ê
R�fGW�W+SD¡GfGS

± � ç"Z*N Ë N
rÂNpé�êÛR ��Ö ç�Z × ÄoÆ © NSr:NYé�ê f ¹ b.º1© ç�r�knÔ�ê�Ü�ç _ b ç × ÄoÆ © Z<NSr]ç ;.J�Ë êpê_ê¢ç Â Ó�êf r v ç�rPknÔ�ê�ç"Z × ÄoÆ ©)ê bEvew ©¡Ü�ç _ b�ç × Ä£Æ ©*Z*N
rªê<k G h \ Ó é�ê�Nw © R ¹ âï û N â ü ï ©xv û \ bEv ü ¹ b£º1© û \ ¶ v ü � ç�� À ê
ãzà�õÚáDâ\õ_ëyhoæszVø�å\ílô�].úÚáDô+ßÚíY÷�õ_â�åU[ªó!âDá�î
õÚåDô úÚåHælæ,áYî@ã�íYáDô ð íYã�à¯ë�å�ã�ó!â�íYã�ð×é åDôÛ÷�ß�ã�âtí6Ù�õzÔ
áDô{ã�àzõ:ß1ã�á�ú�Ù¸Z:\0åDô�÷sß�áDë�õ:ílô+íYã�íYåHæ�úÚåYîzí�ã�åHæ � X x õ �B�ö¹ b£º1© ç�Z:\© kaÔ�ê ¶ �1æiãzàzõ:ß1ã�â�ó)ú�ã�ó!â\õ
áYä:ã�àzõ�õIB úpíYõ_ô�ãÛàzõÚ÷Dø�í¤ô+ø�ß1ãöâDåHã�õùø�ð ð íYã�à�â\õ_ßùî
õuú�ãQã�á0ã�àzõ×æöáDßÚß�äYó�ô�ú�ã�íYá\ô§@YçdßÛêrRnß � äDáDâ�ß1á\ë�õ
Å w ¿ ílßkã�àzõªäDáHælæöá ð ílô+øx_rç,õBã ±; ÷Hõ_ô�á�ã�õ×ã�àzõ]ó!ô+íYòpó)õ^â\á�áHã�áYä:ã�àzõiõÚò_ó)å�ã�íYáDô

Ã
Ä � XKÅ ÄoÆ

©³± � ç�Z \X NSr]ç ±;.J�Ë ê�NYé�êÂR � X � ç�� ¿ ê

��äA� ãzàzõ�õ�Bqú_íYõpô�ã�àzõÚ÷\ø�ílô+ø�ß�ã�âDåHã�õùø�ð¯ílß�øBí6é�õ_ô ï_ð'ã�àzõ]î
õ_â äDõÚú�ãªàzõÚ÷Dø�ílôGø�ß1ã�â\åHã�õùøBðkäDáDâ¯ã�àzõ
ë�á�÷Dí��VõÚ÷0ú�æÖåDílë

±ª�ç�Z \© N(Z ^© êÛR ç"Z \© k]Ô�ê ¶ k r�ç ±;�J p ç�Z \© N(Z ^© NYé�ê_ê�Z \© v
ç�� Á ê

{ r]ç ±;.J p ç�Z \© N(Z ^© NYé�ê_ê<knÔ ú ¼ Ö âþ.|E} û ��Sd ¾ û Ö âþ Æ Ö ïþ Æ © ü�ü ½ �~ 
 ����ÿ���%�ÿ}���zÿ6�7�.��%"���"�����&£9Tÿ$�	%�%"��#�ÿ$��!��	�¢����%ùÿ}�~!�������%�&£�	�"!�ÿ��"9*��%ùÿ}���ÿ}!��	%Õ���V��%ùÿ}��!1ÿ}��ÿ�%���ÿ����"��3�ÿ
ÿA5(�����"�����%<�T���*����%�ÿ��

Ä



��XS� ãzàzõVé�åHæ ó)õiáYä:ã�àzõ]ß1ã�â\åHã�õùø�ð¯åHãVã�í¤ë�õ e ílßÅø�í6é�õ_ô�ï_ð
ç"Z \U N7Z ^U N e êÂR Ã

Ä � X�Å Ä£Æ
©�b£U ± � ç"Z \U N Ë NSr]ç ±;�J�Ë fip ç"Z \U N(Z ^U N e êpê�NYé]k e ê � ç�� Â ê

��hA� ãzàzõ9úÚáDë^îTáDô�õ_ô�ãöß:�¢\6]l��^såDôÛ÷è� áYä.ã�àzõLß1ã�â\åHã�õ�ø�ð�úÚåDô'ïÚõ9úÚáDë^î�ó)ã�õÚ÷�ï_ð×ë�õÚå\ô+ßiáYä.ã�àzõ
æöåDß1ãVõÚòpó)åHã�íYá\ô�]!�áäEjA�¯åDôÛ÷k�áä�l%��æ� I��¨Ê È¥® C�»�FHEGº ¸ L)E È H@º ® ?�I

÷ Z�fGN_MOWGSDU,[�KGS.dlZ�aOagZ n MgfGekN_SY[9Z�d@PGR�UpR�b�SY[�SDUpNuü
c \ R À � ¿tÁ J h \ R À � Â J m \ R À � À � J s¨R ¿ Jc¡^~R À � ¿tÀ�Á h ^4R À � Â m£^4R À � À+¿ �{�R À � À�Â J éaR ¿ J Z \X R ¿\À�À J Ô RÎÓ À �

ç�����ê

��Z�UÛ[�KGMgN�N_SY[jZ�d%PGR�UpR�b�Sp[BSDU_N_� n SÅZ�`x[�R�MOf�sl�ÂR À � �����ÀkML ÉN â R À � ¤��iR�fGW:[BKGS^PGU_MghBS^Z�dè[�KGS
hDR�aOa,MON çöé~N7Z:\X ê~R ¿ Ä � Ò ¤�|�}Þd)[�KGSDU_S n KGSDUpS×fGZ:vYwGbkPGN_��MO|gSD|O��MOd:s�R À �
[BKGS×��aOR�h�o�m�uGhÚK+Z�aOSDN
PGUpMOhDS.Z�d�[�KGS.hDR�aOa n Z�wGaOW�`zS ¿ Ä � Ò+¿ |

��Mge�wGUpS ¿ N_KGZ n N9[�KGS¢N_wGhDhDSDN_N0PGU_Z�`GR�`GMgaOM�[��3Z�d�[�KGS¢��wGR�f�[BMOagS¢KGSDWGe�MgfGe�N�[BU_Rt[�SDet� R�N0R
dlwGfGhY[BMOZ�f¯Z�dz[�KGS�MOf�X+SDN�[�SDW¯hDR�PGM�[BR�ag| Ô N]MgaOagw+N�[BU_Rt[�SDW¯`B��[�KGS�R�WGWGM�[�MgZ�fGR�aÛagMOfGSDN_�+[BKGS9MOf�X+SDN�[�Z�U
hDR�fkN_RuX�S Ò � �.PzSDU_hDSDfB[]Z�dH[�KGSLPzSDUpdlSDhY[_muKGSDWGe�MOfGe.PGU_MghDS9ç�U_SDN_PzSDhY[�M�X�SDa�� Á�Ò Z�U�� Â PzSDU_hDSDfB[�ê�MgdTKGS
MgN n MOagaOMgfGe�[�Z.R�hDhDSDPx[�R.N_KGZ�U�[�d¤R�aga�muPGU_Z�`GR�`GMgaOM�[Þ�0Z�d ¿ PzSDU_hDSDf�[9ç�UpSDNuPzSDhY[�M�X+SBa��0�.Z�U ¿\À PzSDUphBSDfB[�êp|

5 10 15 20

0.4

0.5

0.6

0.7

0.8

0.9

1

�,Mge�wGU_S ¿ üLJ�KGS.N_wGhDhDSDNuNLPGUpZ�`GR�`GMgaOM�[Þ��R�NLR�dlwGfGhY[�MgZ�f�Z�d�[�KGS.Mgf�X�SDN�[BSDW�hDR�PGM�[BR�a

û^Z n hDZ�fGN_MgW+SDU�[�KGSshDR�N_S n KGSDUpS9[�KGSsMOf�X+SDN�[�Z�UiMONiU_MgN_o�muRuX�SDUpN_S0R�fGW�N_SDSDo�N][�Z�SDN�[BR�`GagMON_K
R�f�SD¦khDMgSDf�[�KGSDWGe�MOfGe�N�[BU_Rt[�SDet�qdlZ�U Å R Á |�}Þf¯[BKGMONihDR�NuSD� n SsPGU_Z�PzZ�N_S9[BZ¢bkSDR�N_wGU_SsUpMON_o
R�NuN_Z�hDMORt[�SDW:[�ZiR×fGZ�fGfGSDe�Rt[�M�X�SÅagMOR�`GMOagM�[Þ��`���[BKGS�r<^pmufGZ�Upb n KGMOh�K0MgN�Z�dG[BKGSÅN_R�b�SÅbkZ�fGSY[�R�U��
wGfGM�[�R�N+[BKGSªR�hY[BwGR�a�aOZ�NuN_|�JLKGSª`zZ�agW�aOMgfGSªMOf��,MOe�w+UpS Á N_KGZ n NG[BKGS�r ^ mufGZ�U_bÎZ�d�[�KGSªN_KGZ�U�[�dlR�agaHR�N
R^dlwGfGhY[BMOZ�fiZ�dx[�KGSVMOf�X+SDN�[�SDW:hDR�PGM�[�R�a�MOdx[�KGSVMOfBX�SDN�[�Z�U@wGN_SDNz[�KGSVSD¦khDMgSDf�[�KGSDWGe�MOfGe^N�[�UpR\[BSDe\��dlZ�U

Ó



Å R Á |�JLKGSiWGR�N_KGSDW¢aOMgfGS×hDZ�U_UpSDNuPzZ�fGW+NV[BZ:[�KGSsr<^pmufGZ�Upb Z�d%[BKGSiNuKGZ�U�[BdlR�aOa,Mgd)[�KGSiMOf�X+SDN�[�Z�U
wGN_SDN][�KGSs��wGR�f�[�MgaOSYmuKGSDWGe�MOfGe�N�[BU_Rt[�SDet�qZ�dL��Mge�wGUpS ¿ |�JLKGS9[�KGMgf�aOMgfGSsNuKGZ n N^[BKGSkr<^pmufGZ�Upb
Z�dÛ[�KGS�NuKGZ�U�[BdlR�aOa�MgdÛ[�KGS�MOf�X+SDN�[�Z�U.SDN�[�R�`GaOMgNuKGSDN�[�KGS�KGSDWGe�MgfGe�N�[�UpR\[BSDe\��[�KGRt[�bkMgfGMOb�MO DSDN�[�KGS
ë�å\ì�ílë×ó�ë�æöáDßußÚ�TMO|gSD|�Mgd%KGS^KGSDWGe�SDNQR:hDR�aga�muZ�Px[�MgZ�f n M�[BKsRiKGMge�KGSDUVN�[�UpMOo�S n KGSDU_Sª[�KGS^N�[�UpMOo�S^MON
h�KGZ�N_SDf�NuwGhÚK�R�N�[�Z�N_R\[BMON_dñ�s[BKGS.hDR�PGM�[�R�a%hDZ�fGN�[BU_R�MOf�[�m�RkN�[BU_R\[BSDe\�¢PTZ�PGwGaOR�U n M�[BK�[BU_R�WGSDU_N_|

5 10 15 20

5

10

15

20

25

30

35

�,MOe�wGU_S Á üur<^pmufGZ�Upb Z�d@[�KGS§N_KGZ�U�[�dlR�aOa�R�N:R�dlwGfGhY[BMOZ�f'Z�d,[BKGSsMgf�X+SDN�[BSDW'hDR�PGM�[�R�aOü�©ª¦khDMgSDf�[
çÖ[�KGMOhÚo�ê�XTN_|è��MOfxm���R\��mÚ�ÛZ�N_N:çÖ[�KGMgfGêLR�fGW�¶.wGR�f�[BMOagSYmuN�[BU_Rt[�SDet� ç�W+R�N_KGSDWGê

JLKGS�hDZ�bkPGR�U_MON_Z�f¨Z�d�[�KGS�[BKGU_SDS�agMOfGSDN�Mgf¨�,MOe�wGU_S Á WGSDbkZ�fGN�[�U_Rt[�SDN�[BKGS�Mgf+hDUpSDR�N_S�Mgf¨PzSDU�m
dlZ�U_b�R�fGhDSQZ�d�[�KGSQSD¦khDMgSDf�[�KGSDWGe�MgfGeÅN�[BU_Rt[�SDet�shDZ�bkPGR�U_SDW][�ZV[BK+SQR�a�[BSBUpfGR\[BM�X+SDN���wGR�f�[�MgaOSYm�R�fGW
��MOfxm���R\��muaOZ�NuNjN�[BU_Rt[�SDet��dlZ�UjR0bkZ�WGSDUpR\[BSDa���UpMON_o�muRuX+SDU_N_S×MOfBX�SDN�[�Z�Ukç Å R Á êp|�JLKGS×MgfGhDU_SDR�N_S
Mgf¢PTSDUpdlZ�U_bkR�fGhDSiZ�d)[BKGSiSD¦khDMgSDf�[×K+SDWGe�MOfGesN�[�UpR\[�SDet�'ZuX�SDU�[�KGSi��wGR�f�[BMOagSYmÚKGSDWGe�MOfGesN�[�UpR\[BSDe\�
MgN9bkZ�U_S�PGUpZ�fGZ�wGfGhDSDW¥dlZ�U9agR�Upe�SDU Å |���f�[�KGS�Zt[�KGSDU�KGR�fGWG�Û[BKGS�MOfGhDUpSDR�N_S�Mgf¥PzSDU_dlZ�U_b�R�fGhDSZ�d![�KGS]SD¦�hDMOSDf�[^KGSBWGe�MOfGe9N�[�UpR\[BSDe\�¨ZuX�SDU%[�KGS~��MOfxm���R\��muaOZ�NuNVN�[�UpR\[BSDe\�¨MgNVbkZ�U_S]PGU_Z�fGZ�wGfGhDSDW
dlZ�U�N_b�R�agaOSDU Å |]��Z�U Åk�o� �G[BKGS�WGMON�[BR�fGhDS�`zSY[ n SDSDf�[BKGS�[�KGMgh�o0R�fGW�[�KGS�[BK+Mgf¨agMOfGS�X!R�fGMgN_K+SDN
n KGSDU_SDR�N�[BKGS.WGR�N_KGSDW�aOMgfGS.R�N_N_wGbkSDN�[�KGS�X!R�aOwGS f � |

���4�e�s���4���^�4�
� ¿ � �.| Ô R�N_SD| ÷ Z�f�[�MgfGe�SDf�[�hDaOR�MObqXèR�aOwGRt[�MgZ�f n KGSDf][�KGSQN_SDhDwGU_M�[���P+UpMOhDSQMgN,RÅhDZ�bi`GMgfGR\[BMOZ�f×Z�d

R�f¨M�[BZ�PGU_Z�hDSDNuN�R�f+W¨RkU_R�fGWGZ�b PzZ�Mgf�[:PGUpZ�hDSDN_N_|�ÚÛã�á�ú_à�æ���â\á�úÚõpßÚß�æ�zªî�î,æTæñ� Á Ä�ü ¿ Ä��e� Á�Á�À �
¿ Ó�Ä�Ä�|

� Á �m��|ª��R�UpWGKGR�f¥R�fGW>�]| ÷ K+R�Z�|¢��UpMOhDMgfGe¯Z�Px[�MgZ�fGN9Z�f¥N_SDhDwGU_M�[�MgSDN n M�[BK¥WGMON_hDZ�fB[�MgfGZ�wGN9U_SYm
[�wGU_fGN_| Ú�ã�á�úpà�æ��ªâ\á�úÚõ_ßÚß�æ�zªîHî,æ �)��Ä�ü ¿tÁ�Â � ¿tÂ ¤�� ¿ Ó�Ó Â |

� Â �.Ãj|g��| ÷ Z�a n SDaga)R�fGW�Ü�|)©ªaOagMOZt[_[B|�ÃjMgN_hDZ�f�[BMOfGZ�wGNLR�NuN_SY[.PGU_MOhDSDN�R�fGW�fGZ�fxmuR\[p[�R�MOfGR�`GagSjhDZ�fxm
[�Mgf+e�SDf�[�hDaOR�MOb�N�R�fGW�hDZ�UpPTZ�U_Rt[�S.PzZ�agMOhY�H|��'åHã�à�õ_ë�åHã�í�úÚåHæ��,ílô�å\ô�úÚõ_� Â ü Á Ó��e� Â�¿ Ä�� ¿ Ó�Ó Â |

�����.�^|+��Z�SDagaOb�SDU�R�fGW��
|+�ÛSDwGo�SDU�[�|@¶.wGR�f�[BMOagS�KGSDWGe�MgfGe�|���ílôÛåDô�úÚõjåDô�÷�ÚÛã�á�ú_àzå\ß1ã�íYú_ßÚ� Â ü Á � ¿ �
Á ¤ Â � ¿ Ó�Ó�Ó�|

¿\À



�����.�^|���Z�SDaOagbkSDU]R�fGW¯�
|��ÛSDwGo�SDU�[�|j©�¦khDMgSDf�[iKGSDWGe�MOfGe�üÅ��R�aOR�fGhDMOfGe§hDZ�N�[]X�SDUpN_wGN^N_KGZ�U�[�d¤R�aga
U_MgNuo�|��,ílô�åDôÛúÚõ×åDôÛ÷zÚ�ã�áBú_àzåDß1ãöíYú_ßÚ�)��ü ¿�¿ ¤e� ¿ � Ò � Á�À�À�À |

� Ò �.Ãj|��.U_R�bko�ZuX¥R�fGW�uG|Oû]|¯��Z�ago�ZuX
| �.f�b�SY[�KGZ�WGZ�aOZ�e\��Z�d�KGSDWGe�MgfGe§Z�d�Z�Px[BMOZ�fGN_|ÎÚGó!â	é�õ_ð
áYä!zªîHî@æ íYõÚ÷0å\ô�÷o¡pô�÷\ó!ß1ã�â�íYåHæ��'åHã�àH�)��ü ¿ Ä:� Ò ��� ¿ Ó�Ó£¤�|

�Ñ¤�� Ô |Ñ�i|<�¢SDagfGMOo�ZÚXT����|g��|gû^SDh�KGR�SYX
�ÛR�fGW³uG|Oû^| ��Z�ago�ZuX
|¢�'åHã�àzõpë�åHã�íYú_ßkáYä£�,ílô�åDô�úpíYåHæ�çÛíYå7�
ï_íYæ íYã�íYõ_ßu|L�ªwG`GaO|g�^Z�wGN_S.Z�d@�^Mge�KGSDUèuGh�KGZ�Z�a)Z�d@©ªhDZ�fGZ�bkMghDNu�¡��Z�N_hDZ n � Á�À�À+¿ |

��Ä�� Ô |Ñ�i|���SDaOfGMgo�ZuX¨R�fGW Ô |Oû]|�uGKGMOU���R�SYX
| ÷ U_M�[�SDUpMOR9dlZ�U�R�`GN_SDfGhDS]Z�d
R�Up`GM�[BU_R�e�S]MOf§¡GfGR�fGhDMOR�a
bkR�Upo�SY[B� ¿ Ó�Ó Ò |

��Ó���£�|^�H|�Ü]wGfGe�e�R�aOWGMgSDU.R�fGW��,|Õ��SDU_hDwGU_MgZ�|#�.Px[BMOZ�f�P+UpMOhDMgfGe�dlZ�U�vYwGb�P�WGMgyTwGN_MgZ�fGN_ü Ô Pxm
P+UpZu�
MOb�R\[BMOZ�fGNVR�fGW.[�KGSDMOU�Mgf�[�SDUpPGU_SY[BR\[BMOZ�fG|^�¥åHã�àzõ_ë�åHã�íYúÚåHæE�,ílô�åDô�úÚõp� Â ü ¿ Ó ¿ � Á�À�À � ¿ Ó�Ó Â |

� ¿\À � Ô |Oû]|*uGKGMOU���R�SYX
|�[�ßÚß�õ_ô�ã�íYå�æ ßkáYäèÚ�ã�á�ú_àzå\ß1ã�íYú£��ílôÛåDô�úÚõ_|,£«Z�UpaOWCuGhDMOSDf�[BMO¡GhY�H� ¿ Ó�Ó�Ó�|
=�H�H ®�½ ´@»ILªI

¤ C ³)³KJ�³KJ!¥ Ç ®�³ C ®�È E µ
£«SÅo�fGZ n dlUpZ�bØ�����g��[BK+Rt[Q[�KGS^��wGR�f�[�MgaOS^KGSDWGe�Mgf+e:N�[BU_Rt[�SY�¯MONQe�M�X�SDfs`��k[�KGS^PTSDUpdlSDhY[jKGSDWGe�MgfGe
N�[�UpR\[BSDe\� dlZ�UL[�KGS§bkZ�WGMO¡GSDW'hDaOR�MOb ±� ª7©qWGSD¡Gf+SDW'`B�«SD��wGRt[�MgZ�fGN0ç Á�À ê9R�fGWÙç Á+¿ êp|�£«S§¡+UpN�[
PGR�U_R�P+KGUpR�N_S�[BKGS.U_MgNuo§fGSBwx[BU_R�a%WGSDfGN_M�[��¢MOf×[�SDUpbkNLZ�dgZ:\© R�fGW p ©)ü¦A§ É¦A§ RÎSY�
PÛç"�g� j ©�kKL É ï^ é f ç�s�k]sl�pê�é f ç�aOf4sl�<kqagf4s�ê p ©)ê

R Z:\X SY�
P h \ j © f çTc:\<k¨N â ï^ ê�é ç ¿ k]m¯\pê ¾ þ D ÉF â {{ \Ö âW D ÉF â SY�
P k L É%© âN â é f N â L É^ é]k¨L É ï^ é f ç"s�knsÀ�pê�é�ê {
{ È¬É
È û \ b à â ü D ÉF â

¾ þ

R|µ T ç"Z:\© ê D ÉF â T C ¾ þ N
ç�����ê

n M�[BK C WGSD¡GfGSBW�MOf�SD��wGRt[�MgZ�f¥ç Á ��ê�R�fGW�R�N_w+M�[�R�`Ga��¢WGSD¡+fGSDW�hDZ�fGN�[�R�f�[4µ�|
Ý^N_MOfGe¨ç�����ê n S.hDR�f¨UpSDPGU_SDN_SDf�[ ±� MOf×[�KGS.d¤Z�Upb

±� Raú
	����� É ÿ��� â ý þ�� Raú
ª Ö âþ @ D ÉF â ÿcR%« þ �� û Ö âþ bE¬ ü®�¯
n KGSDU_S n S�KGRÚX+S�N_SY[ ±; R ±; \ µz|§£qS�N_KGZ n KGZ n [�Z¨hDZ�bkPGwx[BS ±; `B� bkSDR�fGN9Z�d@[BKGS�hDR�PGM�[�R�a
hDZ�fGN�[BU_R�MOf�[ ¸8� ¹ b.º1© � ª R ��X |�} [9dlZ�aOagZ n NLdlU_Z�b�[BKGS.aOR�N�[9SD��wGRt[�MgZ�f×[�KGRt[

¸ � ¹ b£º1© � ª7© R ¸ � ¹ b.º1© ç"Z \© k]Ô�ê ¶ ú°ª Ö âþ @ D ÉF â ÿcR±« þ �� û Ö âþ bE¬ ü  ¯
R Ã

Ä � X
¸ � ¹ b£º1© ç�Ç \ÄoÆ © knÔ¢ê

¶ ú°ª³² ât:´ þ @ D ÉF â ÿcR t �� û ² ât:´ þ bE¬ ü®�¯
T
Å ÄoÆ © � ç�� Ò ê

÷ R�N_S.R��*kML ÉN â�O ¿ ü
}Þf×[�KGMgNLhDR�N_SD�è[BKGS.SD��wGR\[BMOZ�f

ß b D ÉF â R C Ä ; çdß[knÔ¢ê ¶
¿�¿



KGR�N�R�wGfGMO��wGS.UpZ�Zt[4ß�R¨Hxç ;�J�Ë êp|LJ�K�wGN_�%dlZ�ULR�f���¡x�
SDW Ë R ¿ N Á N �?��� �è[BK+S.MgfGSD��wGR�aOM�[��
ß b D ÉF â w C Ä ; çdß[knÔ�ê ¶ �

MgN�SD��wGM�X!R�agSDf�[L[BZ ß x Hxç ;�J�Ë ê_|�JLKGMgN�MgbkPGagMOSDN
ú°ª Ö âþ @ D ÉF â ÿcR t � û Ö âþ bE¬ ü® ¯ R´ú ¼ Ö âþxacb û �Sd Ä ü ½ �£«S.hDZ�b:`GMOfGS�[BKGS.aOR�N�[�SD��wGR\[BMOZ�f�R�fGW¥ç�� Ò ê�[BZkZ�`x[BR�Mgf

¸ � ¹ b£º�© � ª © R Ã
Ä � X

¸ � ¹ b£º1© ç�Z \© knÔ¢ê ¶ ú ¼ Ö âþ.acb û �Sd Ä ü ½
T
Å Ä£Æ ©

R Ã
Ä � X

¸ � ¹ b£º1© ç"Ç \Ä£Æ © k]Ô�ê
¶ k ç�Ç \ÄoÆ © kµH�ç ;.J�Ë ê_ê ¶

k§ç�Hxç ;�J�Ë ê<knÔ¢ê�ú ¼ ² ât:´ þ W b û �Sd Ä ü ½
T
Å Ä£Æ ©

R Ã
Ä � X Å Ä£Æ

© �KÖ ç"Z \X(× ÄoÆ ©*N7Ô�Npé.ê�k ��Ö ç"Z \X(× Ä£Æ ©*NSH�ç ;.J�Ë ê�Npé�ê
k§ç�Hxç ;�J�Ë ê<knÔ¢ê�¹ b£º1© T ¥ � Ç \Ä£Æ ©�® H�ç ;.J�Ë ê

R Ã
Ä � X Å Ä£Æ

© �KÖ ç"Z \X(× ÄoÆ ©*N7Ô�Npé.ê�k ��Ö ç"Z \X(× Ä£Æ ©*NSH�ç ;.J�Ë ê�Npé�ê
k§ç�Hxç ;�J�Ë ê<knÔ¢ê�¹ b£º1© T Ü9� _ b�ç�Z \XY× Ä£Æ ©¡N
Hxç ;�J�Ë ê_ê_�

R Ã
Ä � X Å Ä£Æ

©è± � ç"Z \X N Ë NSH�ç ;.J�Ë ê�NYé�ê
n KGSDU_S�± � ç"Z:\X N Ë N
H�NYé�êQKGR�NQ`TSDSDfsWGSD¡GfGSDWsMgfsSD��wGR\[BMOZ�f�ç Á Ä�êp| Ô e�R�MOfsUpSDdlSDU_MgfGe][BZiSD��wGR\[BMOZ�f+Nç Á�À êLR�fGW'ç Á�¿ ê_�![�KGMgNLP+UpZuX�SDNLM�[BSDb ç�R ¿ êLZ�d�[�KGSDZ�U_SDb Á |÷ Z�f+hDSDUpfGMOfGerR�N_N_SDU�[BMOZ�f ç�R Á ê_� n S�PGU_Z�hDSDSDW R�N¨dlZ�aOagZ n N_ü��.`+N_SDU�X�S0[�KGRt[¥dlZ�U�R `zZ�UpSDa�m
b�SDR�N_wGU_R�`GaOS.dlwGfGhY[BMOZ�f³ª
�

õ �öª�ç p © N(Z \© êp�¯R Ã
Ä � X

¹ b£È�© ç�sHé�ê ÄËgÌ ¸ ª�ç Ë N7Ç \ÄoÆ © ê N ç��£¤�ê

n KGSDU_S8Ç \ÄoÆ © MONLagZ�e�fGZ�UpbkR�aOa���WGMON�[�UpMO`Gwx[BSDW�wGf+WGSDUè¥.�)hDdl|9ç�Ä�êpü
agfÛç"Ç \Ä£Æ © ê:ÏiÐ aOfÛ�ÑZ \X ç ¿ k]m \ ê Ä � f � c \ k ¿

Á ç h ` ê ^ � é4N h `�Ó é �
�^SDfGhDSD��[�KGS0PGU_Z�`GR�`GMgaOM�[Þ� Z�d�[BKGS�KGSDWGe�S�`zSDSDMgfGe�N_wGhDhDSDNud¤wGaOa�hDR�f�`TS0hDZ�bkPGwx[�SDW�wGN_MOfGe§[�KGS
R�`TZuX+S�UpSDN_wGa�[BNuü

¿ k=< R ¿ kn¥ Z \© b D ÉF â ² C ¾ þ ±; ¹ b£º�© ç"Z \© k]Ô�ê ¶
R ¿ kn¹ b.È�© Ã

Ä � X
¥ Ç \Ä£Æ © w H�ç ±;.J�Ë ê ç"sHé�ê Ä

Ë¢Ì
R ¿ kn¹ b.È�© Ã

Ä � X
Ü _ b ç�Z \X ç ¿ k]m \ ê Ä N
Hxç ±;.J�Ë ê_ê f c \ k�{h \ Ó é ç�s�é.ê Ä

Ë¢Ì N

¿\Á



Mg|OSD|�ç�R Á êLKGZ�aOWGN_|
£qSiR�agU_SDR�Wx�'o�fGZ n [�KGRt[Å[�KGSi��wGR�fB[�MOagS×KGSDWGe�MOfGe0N�[�UpR\[BSDe\�'hDZ�MOfGhDMOWGSDN n M�[�Ks[BKGS×PzSDU_d¤SDhY[

KGSDWGe�S.Z�d�[BKGS.bkZ�WGMg¡GSDW�hDaOR�MOb ±� ª7©)|,£qS.hDR�aOhDwGagR\[BS�[�KGS�X!R�agwGS.Z�d�[BKGMONLN�[�UpR\[BSDe\�
ü

���U R ¸ � ±� ª¬©*¹ b£º û ©�b£U üA¶ OVU
R ¸ � ¹ b£º û ©�b£U ü ç�Z \© knÔ¢ê

¶ ú°ª Ö âþ @ D ÉF â ÿcR±« þ �� û Ö âþ bE¬ ü  ¯ ¶ OVU �
Ô NLR�`TZuX+SD� n S.hDR�f�N_MOb�PGaOMgdñ�s[BKGS.aOR�N�[�SD��wGRt[�MOZ�f×[�Z

� �U R ¸ � ¹ b£º û ©�b£U ü ç"Z \© knÔ�ê
¶ ú ª Ö âþ @ D ÉF â ÿc·e¸ R « þ @ ¿ R «c¹»º â¿ ´ º ï¿ ´ ¿p¼ �� û Ö âþ bE¬ ü®�¯ ¶ O U

R Ã
Ä � X

¸ � ¹ b£º û ©�b£U ü ç"Z \© k]Ô�ê
¶ ú°ª Ö âþ @ D ÉF â ÿcR t R «c¹»º â¿ ´ º ï¿ ´ ¿p¼ �� û Ö âþ bE¬ ü  ¯ ¶ OVU

ç"sl��çöé]k e ê_ê Ä
Ë¢Ì ¹ b£È�É û ©lb.U ü

R Ã
Ä � X Å Ä£Æ

©lb.U ± � ç"Z \U N Ë N
Hxç ±;�J�Ë fip ç"Z \U N(Z ^U N e êpê�NYé]k e ê �
J�KGMONLPGU_ZuX+SDN:ç�R Â êLZ�d�[�KGSDZ�U_SDb Á |�JLKGS.aOR�N�[9R�NuN_SDU�[�MgZ�f¥ç�R���êLdlZ�aOagZ n NLdlU_Z�b�[BKGSDZ�UpSDb ¿ |÷ R�NuS.`G� n KGSDf³kML ÉN â w ¿ |

û^Z n [�KGS.SD��wGR\[�MgZ�f
ß b D ÉF â R C Ä ; çdß[knÔ¢ê ¶

KGR�N�[ n ZkUpZ�Zt[�N!H \ ç ;�J�Ë ê O H ^ ç ;.J�Ë ê_|�JLK�wGN_�![�KGS.MgfGSD��wGR�agM�[Þ�
ß b D ÉF â w C Ä ; çdß[knÔ¢ê ¶

MgN�SD��wGM�X!R�agSDf�[L[BZkSDM�[�KGSDU¢ß x H7\Bç ;�J�Ë êLZ�UÕß w H ^�ç ;.J�Ë êp|LJ�K+MgNLMOb�PGaOMgSDN
ú
ª Ö âþ @ D ÉF â ÿcR t � û Ö âþ bE¬ ü  ¯ R´ú ¼ Ö âþ acb â û �Sd Ä ü ½ f ú ¼ Ö âþ ÿ b ï û �Sd Ä ü ½ �

£«S.hDR�f�hDZ�fGhDagwGWGS.R�NLMgf¨hDR�N_S.Rj[BZkZ�`�[BR�Mgf

¸ � ¹ b£º1© ±� ª7© R Ã
Ä � X

¸ � ¹ b£º1© ç�Ç \ÄoÆ © knÔ¢ê
¶ ç"ú ¼ ² ât:´ þ acb â û �Sd Ä ü ½ f ú ¼ ² ât:´ þ ÿ b ï û �Sd Ä ü ½

T
Å Ä£Æ ©

R Ã
Ä � X

¸ � ¹ b.º1© ç�Ç \ÄoÆ © knÔ¢ê
¶ k ç"Ç \Ä£Æ © k½H \ ç ;.J�Ë êpê ¶ f ç�Ç \Ä£Æ © k½H ^ ç ;�J�Ë êpê ¶

k§ç�H \ ç ;.J�Ë ê<knÔ¢ê�ú ¼ ² ât:´ þ W b â û �Sd Ä ü ½ f ç�H ^ ç ;�J�Ë ê<knÔ¢ê�ú ¼ ² ât:´ þ W b ï û �Sd Ä ü ½
T
Å ÄoÆ ©

R Ã
Ä � X

��Ö ç�Z \X × Ä£Æ ©*N7Ô�NYé�ê<k ��Ö ç�Z \X × Ä£Æ ©*N
H \ ç ;.J�Ë ê�Npé�ê
f ��Ö ç"Z \X × ÄoÆ ©*N
H ^ ç ;�J�Ë ê�NYé�ê�k ç�H \ ç ;�J�Ë ê<knÔ�ê�¹ b£º1©UT Ü9� _ b�ç�Z \X × Ä£Æ ©<NSH \ ç ;.J�Ë êpê_�f ç�H ^ ç ;.J�Ë ê<k]Ô�ê�¹ b.º1© T Ü9� _ b�ç"Z \X(× Ä£Æ ©*NSHxç ;.J�Ë êpê_� Å Ä£Æ ©

R Ã
Ä � X

± R ç�Z \X N Ë NSH \ ç ;�J�Ë ê�NSH ^ ç ;�J�Ë ê�NYé�ê Å Ä£Æ © �
¿\Â



J�KGMONÅPGU_ZuX�SDNÅM�[�SDb ç�` ¿ êp|�JLKGSiR�N_NuSDU�[�MgZ�fGN�ç�` Á êVmkç�`G��êÅhDR�f¢`TSiZ�`x[�R�MOfGSDW¢dlUpZ�b ç�` ¿ ê^R�NÅMOf
hDR�NuS.R�| ¾¤ C ³)³KJ�³KJ!¥ Ç ®�³ C ®�È ñ µ
£«S.o�fGZ n dlUpZ�b ©���wGRt[�MgZ�f¥ç Á�Â êp��ç Á�Ò êLR�fGW¥ç�����ê�[BKGR\[�[�KGS.b�Z�WGMO¡GSDW�hDagR�Mgb MgN�e�M�X+SDf�`��

±ª¬© R ª¬©ìk ; \ � â?A@ â© B ª7©
R ç�Z \© knÔ�ê ¶ k ; C « þ?6@ â ç"Z \© ê bEv B ç�Z \© k]Ô�ê ¶

n KGSDU_S%[BKGS�hDZ�fGN�[�R�f�[ ; KGR�N+[�Z�`zS�WGSY[�SDUpbkMgfGSBW�dlU_Z�b«[BKGS�hDR�P+M�[�R�a�hDZ�fGN�[�UpR�Mgf�[�|��@�kWGSD¡GfGM�[BMOZ�fG�r]ç ;.J�Ë ê�WGSDf+Zt[�SDN�[BKGS.wGfGMO��wGS.UpZ�Z\[�Z�d; C#t?6@ â r bEv R ç�rPk]Ô�ê ¶ �
J�K�wGN_� n S.KGRÚX+S

±ª7© R ç�Z \© knÔ�ê ¶ k¿r�ç ;�J p ©)ê v ç�r]ç ;.J p ©)ê<k]Ô�êBç"Z \© ê bcv ú ¼ Ö âþ |E} û �Sd ¾ þ ü ½ ç���Ä�ê
R.üaµ@ç"Z \© N p ©)ê ç���Ó�ê

£«S.hDR�f�fGZ n hDZ�bkPGwx[�S�[BKGS.dlR�MOULPGUpMOhDS.Z�d ±ª7©)ü
õ � �Ñ¹ b.º1© ±ª7©)� R Ã

Ä � X�Å Ä£Æ
©�ç�À \Ä kQÀ ^ Ä ê ç�� À ê

À \Ä ü?R õ � ¹ b£º�© ç"Ç \Ä£Æ © k]Ô�ê
¶ ú ¼ ² ât:´ þ�|E} û �Sd Ä ü ½À ^ Ä ü?R õ � ¹ b£º�© r]ç ;.J�Ë ê v ç�r]ç ;.J�Ë ê<knÔ¢êBç"Ç \Ä£Æ © ê bEv ú ¼ ² ât:´ þ |E} û �Sd Ä ü ½J�KGS.��wGR�f�[BM�[BMOSDN�À `Ä R�UpS.SDR�N_MOa���hDZ�bkPGwx[�SDWGüÀ \Ä R Ãb

Ã
¹ b£º�© ç"Z \X(× Ä£Æ ©*¹ N âgÁ © í ¶ û ºáb âï û N â ü ï ü © knÔ�ê�ú
Â Ö âW�Ã t:´ þ°Ä F â±Å þ³Æ  ¹ÈÇ @ âï ¹ F â ¼ ï ¼ þ |E} û �Sd Ä üÊÉ ¹

b Æ ïï _ ß
Ó Á �

R Ã
í t Z \X × Ä£Æ © ¹

b ¹ Æ @ F â Å þ ¼ ïï
_ ß
Ó Á � k Ã

í t ¹
b£º1© Ô,¹ b Æ ïï _ ß

Ó Á �
R × Ä£Æ ©<Z \X � ç _ ¶ ç × Ä£Æ ©*Z \X NSr]ç ;�J�Ë ê_êpê�kn¹ b£º1© Ô � ç _ b,ç × Ä£Æ ©*Z \X N
r�ç ;�J�Ë ê_ê_êR ��Ö ç�Z \X × ÄoÆ © N
r�ç ; N Ë ê�Npé.ê f ¹ b.º1© ç�rPknÔ¢ê � ç _ b ç × Ä£Æ © Z \X N
r�ç ;�J�Ë ê_ê_ê

n KGSDU_S n S.KGRÚX+S.N_SY[

ß Ä R
agf!r]ç ;.J�Ë ê<kqagfÛç × Ä£Æ ©*Z \X ê<k çT{ k \^ ç h \ ê ^ ê�éh \ Ó é �

J@Z�N_MOb�PGaOMgdñ�^[�KGS�fGZt[�Rt[�MgZ�f.UpSDe�R�U_WGMOfGe,[�KGS�hDZ�bkPGwx[�Rt[�MgZ�f.Z�dxÀ ^ � n S�WGSDfGZt[�S�Ë Ä R¨r�ç ;�J�Ë ê v ç�r]ç ;�J�Ë ê�kÔ�ê � û^Z nÎn S.hDZ�b�PGwx[�S

À ^ Ä R Ë Ä Ã
í t ¹

b£º1© ç�Z \X × ÄoÆ ©)ê bEv ¹ bcv û N âgÁ © í ¶ û ºáb âï û N â ü ï ü © ü ¹ b Æ ïï _ ß
Ó Á �

R Ë Ä ¹ b£º1© ç"Z \X × ÄoÆ ©)ê bEv ¹ âï û N â ü ï ©.v û \ bEv ü b.º1©.v Ã
í t ¹

b ¹ Æ `Ì F â Å þ ¼ ïï
_ ß
Ó Á �

R Ë Ä ç�Z \X(× Ä£Æ ©)ê bEvew © � ç _ b,ç × Ä£Æ ©*Z \X NSr]ç ;�J�Ë ê_ê<k G h \ Ó é.ê �
¿ �



n KGSDU_S n SÅKGRuX�SÅWGSD¡+fGSDW w ©�Mgf�SD��w+Rt[�MgZ�f�ç�� À êp| uGwG`GN�[BM�[Bwx[�MgfGesÀ `Ä Mgf�SD��wGRt[�MgZ�f�ç�� À ê@�
MgSDaOWGN
õ � �Ñ¹ b.º1© ±ª7©)�¯R Ã

Ä � X Å ÄoÆ
©³± � ç�Z \X N Ë NSr]ç ;�J�Ë ê�NYé�ê

n KGSDU_S ± � n R�N×WGSD¡GfGSDW�MOf ç Â Ó�ê_|�uGwG`GN�[�M�[�wx[�MgfGe p ©ÍR p ç"ZÂ\© N7Z*^© NYé�ê×Mgf�SD��wGR\[�MgZ�f{ç���Ó�êp�
�
MgSDaOWGNLM�[�SDb ç ¿ ê�Z�d+[�KGSDZ�UpSDb Â |

û^Z n n S¯hDZ�bkPGwx[BSk[BKGS�XèR�aOwGS¨Z�dV[�KGS¨SD¦khDMgSDf�[�KGSDWGe�MOfGe¥N�[BU_Rt[�SDet� R\[�[BMOb�S e ü'�+U_Z�b
SD��wGRt[�MgZ�f¥ç���Ó�ê n S.Z�`x[BR�Mgf ±ª © Riµ@ç"Z \© N p © êÂR|µ@ç"Z \© N p © k p U fip U ê n KGMgh�K×�
MOSDagWGN

� �U R õ � �ö¹ b£º û ©lb.U ü ±ª © ¶ O U �
R Ã

Ä � X�Å Ä£Æ
©�b£U õ � �ö¹ b£º û ©�b£U ü µ@ç"Z \© N Ë fip Uùê ¶ OVUù�

R Ã
Ä � X�Å Ä£Æ

©�b£UY± � ç"Z \U N Ë NSr]ç ±;�J�Ë fip U ê�Npénk e ê
n KGSDU_S n S�hDR�f�UpSDPGaOR�hDS p UL`�� p ç�Z \U N(Z ^U N e êp|�J�KGMON.PGUpZÚX+SDN.M�[BSDb ç Á êp|�J�KGS�aOR�N�[�R�N_NuSDU�[�MgZ�f
dlZ�aOagZ n NLdlUpZ�b�[BKGSDZ�UpSDb ¿ | ¾¤ C ³)³KJ�³KJ!¥ Ç ®�³ C ®�È Ï I
�ÛSY[¨N_Z�b�S�`GR�N_o�SY[¨Z�Px[�MOZ�f§µ.©´R µ@ç"Z \© N7Z ^© ê n M�[�K R�N_NuZ�hDMORt[�SDW PzSDU_d¤SDhY[¯KGSDWGe�MOfGe�N�[�UpR\[BSBet�� `zS0e�M�X�SDfG|«��U_Z�b ç Á Ó�ê×R�fGW ç Â�À ê n S0Z�`x[BR�MgfÎç j U1N p U ê�RÎÍlUÚç"Z:\U N7Z*^U êiR�fGW ç"Z:\U N7Z*^U ê�RÍ b \U ç j U N p U êp| JLKGS�bkR�U_o�ZuX3PGU_Z�PTSDU�[��3Z�d�ç j N p ê n M�[BKÙUpSDN_PTSDhY[§[�Z¯[BKGS�¡Ga�[BU_Rt[�MgZ�f çdO U ê
MgbkPGagMOSDN

�,�U R õ � ¹ b£º û ©�b£U ü µ,ç�Z \© N(Z ^© ê ¶ OVUR õ � ¹ b£º û ©�b£U ü µ�Ï�Í b \U ç j UÊN p Uùê ¶ OVUR õ � ¹ b£º û ©�b£U ü µ�Ï�Í b \U ç j UÊN p Uùê ¶ ç j UÊN p UùêR.ü Ð U�ç j U1N p U ê
R Ð UÑÏ�Í�UÚç"Z \U N(Z ^U ê
R.ü ç"Z \U N7Z ^U N e ê

Mg|OSD|Å[�KGS]XèR�aOwGSiZ�d%[BKGSiPTSDUpdlSDo�[�KGSDWGe�MOfGe0N�[BU_Rt[�SDe\�'MgNjR0d¤wGfGhY[�MgZ�f Z�d%[BKGSihDw+UpU_SDfB[ÅX!R�agw+SDN
Z�d�[�KGS.R�N_NuSY[BNLR�fGW×[�MgbkSD|,£qS.N�[Bw+Wx�§[�KGS.UpSDP+UpSDN_SDf�[�Rt[�MgZ�f

� �U
y$U R

� �X
y}X f

U
X
^
` � \
� `� _ ç

Z `�y �
ê � ç�� ¿ ê

J�KGS.W��TfGR�b�MOhDNLZ�d+[�KGS.WGMON_hDZ�wGf�[�SDW�PGUpMOhDS.PGUpZ�hDSDN_NuSDN Á `U R Ö.V¿� ¿ N�q:R ¿ N Á R�U_S.e�M�X+SDf�`��
_ Á `U R Á `UIb ç h ` _�j �U knm ` _ ç p U�k]s � e ê_ê�N�q:R ¿ N Á �

uGwG`GN�[�M�[�wx[BMOfGe � � `�� R�fGW _ Á \L`B��bkSDR�fGNLZ�d�[BKGS.aOR�N�[�SD��wGRt[�MgZ�f�MOf¥ç�� ¿ ê��
MgSDaOWGN
ç"Z \U N7Z ^U N e ê
y$U R ç�Z \X N À ê

y}X f
U
X
�g\ h \�Z:\� b f ��^ h ^YZ*^� by �

_�j �� k
U
X
�g\�m¯\�Z:\� b f �l^Ym.^�Z*^� by �

_ ç p � kÎs ��Ò ê �
ç�� Á ê

¿ �



£«SiR�UpSie�Z�MOfGe9[�ZshDZ�bkPGR�UpS][�KGMgNÅU_SDPGUpSDN_SDf�[�Rt[�MgZ�f n M�[BK§[�KGSiUpSDPGU_SDN_SDf�[BR\[BMOZ�f n SiZ�`x[BR�Mgf¢`��
R�PGP+a��
MgfGej[BKGS.}¤[BZ\mudlZ�U_b:wGagRj[�Z ç"Z:\U N(Z*^U N e êpü
ç�Z \U N7Z ^U N e êÂR ç�Z \X N(Z ^X N À ê f UX ëë	í ç"Z \� b N7Z ^� b N Ò ê _ Z \� f UX ëë	î ç"Z \� b N7Z ^� b N Ò ê _ Z ^�
f UX ëë U ç"Z:\� b N7Z*^� b N Ò ê _ Ò f \^ UX ë ïë�í ï ç"Z:\� b N7Z*^� b N Ò ê _ Z:\ b N7Z:\ b �
f \^

UX ë�ïë	î ï ç�Z:\� b N(Z*^� b N Ò ê _ Z*^ b N7Z*^ b � f UX ë�ïë	íáë	î ç�Z:\� b N(Z*^� b N Ò ê _ Z:\ b N7Z*^ b �
f X a �EÓ U ç"Z:\� N(Z*^� N Ò ê<k ç�Z:\� b N(Z*^� b N Ò ê<k ëë�í ç�Z:\� b N7Z*^� b N Ò êÕÔ�Z:\� k ëë	î ç"Z:\� b N7Z*^� b N Ò ê6ÔìZ*^�

ç�� Â ê
n KGSDU_S8Z `×Ö WGSDfGZ\[BSDN�[BKGS.hDZ�fB[�MOf�wGZ�wGNLPGR�U�[9Z�dgZ ` �)NuSDS.R�aON_Z¨ç�����êp|�£qS.hDR�f�N_wG`GN�[BM�[Bwx[�S

ÔìZ `� RakÎm ` Z `� b Ô p � N
ç"Z \� N7Z ^� N Ò ê�k ç�Z \� b N7Z ^� b N Ò êÂR ç"Z \� b ç ¿ knm \ ê�N(Z ^� b ç ¿ k]m ^ ê�N Ò ê<k ç"Z \� b N(Z ^� b N Ò ê T Ô p � �

R�fGW
_ Z<` b N7ZÙØ b � R ç h ` h Ø�ê�ç�Z<`� b Z Ø� b ê _ Ò N�qáN6Ú�R ¿ N Á ç�����ê

[BZkZ�`x[�R�MOf
_ ç�Z:\U N7Z*^U N e êÂR ëë	í ç"Z:\UIb N(Z*^UIb N e ê _ Z:\U f ëë	î ç�Z:\U�b N7Z*^U�b N e ê _ Z*^U f ëë U ç"Z:\UIb N e ê _(e
f \^ ç h \�Z:\UIb ê�^ ë�ïë	í ï ç�Z:\U�b N7Z*^U�b N e ê _(e-f \^ ç h ^YZ*^U�b ê�^ ë�ïë�î ï ç"Z:\UIb N7Z*^U�b N e ê _(e
f ç h \ h ^�Z:\UIb Z*^U�b ê ë�ïë	íáë	î ç"Z:\UIb N(Z*^UIb N e ê _(egf ç�Z:\U�b ç ¿ k]m¯\_ê�N(Z¡^UIb ç ¿ knm£^Bê�N e ê<k ç"Z:\UIb N7Z*^U�b N e ê _op U
k ëë	í ç"Z \UIb N7Z ^U�b N e êBç"kÎm \ Z \U�b ê _op U�k ëë�î ç�Z \U�b N7Z ^U�b N e ê�ç�kÎm ^ Z ^U�b ê _op U �
J�KGS.aOR�N�[�SD��wGR\[BMOZ�f×�
MgSDaOWGN

_ÜÛ û Ö â¿ Æ Ö ï¿ Æ U ü� ¿ R ç ëë�í ç�Z:\U�b N7Z*^U�b N e ê Ö â¿ @� ¿ h \ f ëë�î ç�Z:\U�b N7Z*^U�b N e ê Ö ï¿ @� ¿ h ^Bê _�j �U
f ç"ZÂ\UIb ç ¿ knmK\pê�N(Z*^UIb ç ¿ knm£^Bê�N e ê<k ç"Z:\UIb N(Z¡^UIb N e ê ¹ b£º1U _ ç p Ulknsl� e ê
f ¹ b£º1U ç"Z \U�b ç ¿ k]m \ ê�N7Z ^U�b ç ¿ k]m ^ ê�N e ê<k ç�Z \U�b N7Z ^U�b N e ê s � f {�Z \U�b ëë	í ç"Z \UIb N7Z ^U�b N e ê
f {�Z*^UIb ëë�î ç�Z:\U�b N7Z*^UIb N e ê f ëë U ç�Z:\U�b N7Z*^U�b N e ê f \^ ç h \�Z:\U�b ê�^ ë�ïë�í ï ç"ZÂ\UIb N7Z*^U�b N e ê
f \^ ç h ^�Z*^UIb ê�^ ë ïë	î ï ç�Z:\U�b N7Z*^U�b N e ê f ç h \ h ^YZ:\UIb Z*^U�b ê ë ïë�í�ë�î ç"Z:\U�b N(Z*^UIb N e ê<kt{ ç�Z:\U�b N7Z*^U�b N e ê
f ëë	í ç�Z:\U�b N7Z*^U�b N e ê�m¯\�sl��Z:\U�b f ëë	î ç"ZÂ\UIb N7Z*^U�b N e ê�m£^Ysl��Z*^U�b _(e �

J�KGSÅhDZ�bkPGR�U_MgNuZ�fsZ�dè[BK+MgNQU_SDPGU_SDN_SDf�[BR\[BMOZ�f n M�[BKsSD��wGR\[BMOZ�f�ç�� Á êQhDZ�b�PGaOSY[BSDN@[BKGS^P+UpZ�Z�dl| ¾

¿\Ò


