
���������	��
���
�������
��������������	����������� �!�"�#��$%������&'
)(+*,�
- �"�/.��0(1��2�2�&���� - ���#� - �"��
3��&���
4�����5$����6
��378
#9:���6&���


;"<>=@?BA�CEDGFIHKJ�<8;MLONQPBRSRTDGFIHBJ�<BU!DWV�DSXBYZF[HK\6<>=@DS]>Y�RSRSL_^
`/acbedgf4hjikbml6n)o[ikpMq�b8rsogt�n)tuo_nQhkbefMq_n)vmvxw ryo�zWp�hkl�f4{)bmpuo_n

| o_bm}InQhk~jb�i4�f�q�b��ObenQoZf
� bef��@p�l�f��g���!���4����������bmn)ogf��_rsi�f�v��
�:a�nQdZf4hjikl6nQoOi�p�z3�3ogt�beo_n)nQhkbmogt
| ogbm}InQhk~jb�is��p4z���f�l��_hkbeq_t�n

� hk�gl6dgbmo_t�ikpuo/�Oijhkn)nEi�����������������f�l��_hkbeq_t�nu� |c�

���¡ )¢)£�¤Z¥�¢u¦ rsoMik§gbm~�dgf�d¨nQh�©�n«ª)puo_~jbeq_nQh�ik§gn«d_hkpu�_vmn)l¬p4zKn)~­ikbml�f4ikbmogt0ik§gn�zS�go_�
q_f�l6n)o[i�f�v8l�f4ijhkb�®"zThkpul¯d¨pubmo[i�ª)p4hjhkn)~jd¨puogq_n)o_ª)n)~)°Brsicbm~@©�nQvev¡±Oo_p�©'o/ik§gf4i@ik§gn
l6p�~­i�f�ª)ª)��h�f4ikn²n)~­ikbml�f4iknQ~6p�z0ik§gbm~6l�f�ijhkbm®,f�hkn³pu�_i�f4bmogn�q+�[�´ªQhkb�iknQhkbef�l6bmogb��
l6bm{)bmogt"tun)p�l6nQijhkbmª�nEhjhkp�hk~0©'§gn)oµik§gn�qgf�i�f/f4hkn�f�¶Bn)ªQikn�q��[�:ogp�bm~jnu°�r·i�bm~!f�vm~jp
©#n)vmv�±Oogp�©'o²ik§Zf�i�ik§gn)~jn�ªQhkb�iknQhkbef/f�l6p��go[icikp�~jpuvm}Obmogt"o_puo��sªQpuoO}InQ®³p�d_ikbml6bm{�f4�
ikbmpuo²d�hkpu�gvmn)l6~@f�ogqK�¨§_n)ogªQnu�Zik§gnQbmhc~jpuvm�_ikbmp�o:bm~cf4¶Bn)ªQikn)q²�[��ik§gn�pud�ikbel6bm{�f�ikbmpuo
~­i�f�hjikbeo_t0d¨pubmo[i�°[¸cnQognQh�f4vev��[�4ik§gn�~­i�f�hjikbeo_t�d¨pubmo[i�bm~�ª�§gp�~jn)o6f4~3ik§_n�zW�_oZqgf4l6n)o[i�f�v
l�f�ijhkbm®!n)~­ikbml�f�ikn�q��[��fcvmbeo_n�f4h�ªQhkb�iknQhkbmpuo6�_�_i¡ik§_be~3n)~­ikbml�f�ikn�ª�f�oM�¨n�}unQhj�!beogf�ªQ�
ª)��h�f4ikn�f�ogqK�gik§_nQhknQzSp�hknu�BbmoZf�q_n�¹[�gf4ikn0ikp�beo_b�ikbTf4vmbe{Qn�l6nQik§_pOq_~'©'bmik§²p4ik§gnQh@nQhjhkp�h
ªQhkb�iknQhkbefO°
º nQhkn@©#n�d_hkn)~jnQoOi�f!l6nEik§gpOqMzWp4h'pu�_i�f4bmogbmogt�f!l6p4hkn�f�ªQª)�_h�f�ikncn)~­ikbml�f4ikn@p�z8ik§gn
zS�goZq_f�l6n)o[i�f4v�l�f4ijhkb�®�©'b�ik§´hkn)~jd¨n)ªQiMikp²ik§gn�vmbeo_n�f4hMªQhkb�iknQhkbmpuo8°�r·i6ª)puo_~jbm~­ik~6p�z
ik§_n6l6beo_bml6be{)f4ikbmpuoµp�z�ik§_n�f�vmtun)��h�f�bmª�nQhjhkp�h�i�f4±�bmo_t/bmoOikp/f�ª)ª)p��go[i�ik§gn�h�f4og±µ�
ª)p�og~­ijh�f4beo[i¡p4zgik§_n�l�f�ijhkbm®B°4»c��h¡f4bel%be~8iy©�p4zWp�vTqB°�¼�bmhk~­i���©#n#~j§gp�©´§_p�©�ik§gbm~>o_puo_�
ª)p�oO}InQ®�pud�ikbel6bm{�f�ikbmpuo"d�hkpu�_venQl½ª�f�o"�¨n�~jpuvm}In�q�f�}Ipubeq_bmo_tMvmp[ª�f�v8l6beo_bml�f��_~jbmogt
hkn)ªQn)o[ikvm��q�n)}In)vmp�d¨n�q�ªQpuoO}InQ®�b�¾Zª�f�ikbmpuo�ikn)ªE§_ogbe¹[�gn)~)°O��n)ª)p�oZqB�[©�n�~j§_p�©+ik§Zf4i#ik§gn
n)~­ikbml�f�ikn!p4z3ik§gn�zW�_oZq_f�l6n)o[i�f�vKl�f4ijhkb�®�pu��i�f�bmogn�q/�_~jbmogt6pu��hcl6nEik§gpOq"bm~«l6p�hkn
f4ª)ª)�_h�f�ikn@ik§gf�o6ik§gn'puo_ncp��_i�f�bmo_n�qMzShkpul¿ik§gn«vmbeo_n�f4h�ªQhkb�iknQhkbmpuo8�[©'§_nQhkn'ik§gn'h�f�og±
ª)p�og~­ijh�f4beo[i«p�z¡ik§_n�l�f4ijhkb�®�bm~'bml6d¨pu~jn�q�f4zSiknEhcb�ik~'ª)pul6d_�_i�f�ikbep�o��[��~jnQijikbmogt�ik§gn
~jl�f4vevmn)~­i�~jbmo_tu�gvef�h�}�f�vm�_n�ikp"{QnQhkp_° � §gbm~0~j�_tutunQ~­ik~�ik§gf4i0p��_h�n)~­ikbml�f�ikn�ª�f4o��¨n
�_~jn�q�ikp�beo_b�ikbTf4vmbe{Qncogp�o_�·vmbmogn�f�h#ªQhkb�iknQhkbef0~j�gª�§�f�~�ik§gn«q_bm~­i�f4ogª)n�ikp�n)dgbmd¨p�vTf�h�vmbmogn)~
f4oZq/ik§gn!t�h�f�q_bmn)o[i0ªQhkb�iknQhkbmpuoK�Bbmoµp4h�q_nQh@ikp�p��_i�f�bmo:f�l6p�hkn�f�ª)ª)��h�f4ikn�n)~­ikbml�f4ikn
p4z�ik§_n�zS�gogqgf�l6nQoOi�f4v>l�f�ijhkbm®B°ZÀ@~�f6l6n�f4~j�_hkn�p�z�ik§gn!f4ª)ª)�_h�f4ªQ�[�Zik§_n�p��_i�f�bmo_n�q
n)~­ikbml�f�ikn)~Mp�z@ik§gn�n)dgbmd¨p�vTf�h�tun)p�l6nQijhj�Áf4hkn�ª)pul6dgf4hkn�q�bmoÁnQ®�d¨nQhkbml6n)o[ik~!©'b�ik§
~­��o[ik§gnQikbmª0f4oZq�hkn)f�v8qgf4i�fO°

Â ÃgÄ«Å¨ÆBÇ0È�É!Ê>ÅBËkÇ«Ä

Ì ?BA�V4Y�Í/]BP¨Î)L[ÎEDSY�X�Y�Ï�ÎE?BA�ÏGPBXKÐBL�Í"A�XgÎQLOR#Í³L[ÎQNEDTÑ�A4Ñ¨DSC�ÎEDSXBÒ²Ó>A�ÎkÔcA4A�X�ÎkÔ@Y²ÕZDSA4Ô�C!YOÏ�ÎE?KA
CEL�Í"AµCEV4A4XBA²DWC�L´Õ�A4NQÖ,V4Y�Í/Í/Y�X×Î)L�CEØ,DSXÙC�A�Õ�A�NQL�R«LO]B]KRTDWV4LOÎEDSY�XKC6DSXÚV4Y�Í/]BP¨ÎQA4N�ÕZDWC�DSY�X�H
DTXKV4RTP8Ð¨DTXKÒ+V�LORSDTÓBN)L[ÎQDTY_X¿ÛTÜuÝ¨H4Ü�Þ[ß­H#NEAuV�Y�X8CkÎQNEPKV�ÎEDSY�XàÛTÜ�ÞOßyH#ÕZDSCEPKLOR�XKLIÕZDSÒ_LOÎEDSY�XÙLOX8ÐÙÕZDSCEPKL�R
C�A�NEÕ_Y�DSXBÒK< Ì ?BA/DTÍ/]>Y�NEÎQL�XKV�A/YOÏ@ÎE?BA"ÏGPBX8ÐBLOÍ/A4XgÎ)LOR�Í³L[ÎQNEDTÑÁDWC6Ð¨PBA"ÎEY�ÎE?KA�Ï·L_V�ÎMÎE?8L[Î�DTÎ
NEA�]BNEAuC�A�XgÎQC�C�PKV�V�DSXKV�ÎQRTÖ�ÎQ?BA"A4]BDS]8Y_RSL�N�Ò_A4Y_Í"A4ÎENQÖ�YOÏ@C�ÎEA�NEA�Y:ÕZDSCEDSY�X3<�ájXKÐ¨A�A�Ð¡H�DTÎQC�ØZXBY[Ô0RTâ
A�Ð¨Ò_A´]BNQY[ÕgDWÐ¨AuC²NQA4RWL[ÎEDSY�X8C�?BDS]KC:Ó8A4ÎkÔ@A�A4X¿V4Y�NQNEAuC�]>Y�XKÐBDTXBÒã]>Y�DSXgÎQC:DTX¿ÎE?BAÁÎkÔ@YÙDSÍ³LOÒ_A�C�<



� Y�NQA4Y[Õ_A4NuH8ÏGY_N�ØZXBY[Ô0X+DTXgÎENQDSXKC�DWV³V4L�Í/A4N)Lµ]8LON)LOÍ/A�ÎQA4N)C4H¡DTÎ�DWC6]8YgCECEDSÓBRTA/ÎQY´NQA�V�Y[Õ_A4N�ÎE?KA
A�CQC�A�X_ÎQDSL�R�Í³L[ÎENQDTÑ�ÏGNEY_Í ÎE?BA/ÏGPKXKÐBLOÍ/A�X_Î)LOR'Í³LOÎENQDeÑ,L�XKÐ¡H¡?BA�XKV�A_H�ÎE?BA²V�LOÍ/A4N)LµÍ"Y�ÎEDSY�X3H
ÎE?KLOÎ�DSCcÎQ?BA6NEY�ÎQLOÎEDSY�X�LOXKÐ:ÎEN)LOXKCERWL[ÎEDSY�X�YOÏ�ÎE?BA�V�LOÍ/A4N)L�Ó8A4ÎkÔ@A�A4X�ÕZDTA�Ô�C6Û �KH4Ü���ßy<
ájXÚÎQ?BDSC²]KLO]>A4N³ÔcA�V4Y�XKCEDWÐ¨A4N"ÎE?KA�]BNEY_ÓBRSA4Í	Y�Ï�A�C�ÎEDSÍ³L[ÎQDTXBÒ+ÎQ?BA�ÏGPBXKÐBL�Í"A�XgÎQLOR!Í/LOÎENQDeÑ
ÏGNEY_Í ]>Y�DSX_Î�V�Y�NQNQA�CE]8Y_XKÐ¨A4X8V�A�C6Û �BH����BH	�uß­<�
ZA�Õ�A4N)LOR�ÎQA�V)?BXKD
�gPBAuC�?KL_C0Ó8A�A4X´Ð¨A�Õ�A�RTY_]8AuÐ+Û �BH
Ü��BH4Ü��uß­H>RTDSØ�A�ÎE?BA"RTDSXBAuLONMV�NQDeÎQA4NQDTY_X3HBÎQ?BA"ÐBDSC�ÎQL�XKV�A�ÎEYµA4]BDS]8Y_RSL�N�RSDSXBA�CMV�NQDTÎEA4NQDSY�X´LOX8Ð�ÎE?KA
Ò�N)L�Ð¨DSA4XgÎ0V�NQDeÎQA4NQDTY_XÁÛeÜ��Iß­< Ì ?BA��KNQC�Î0Y�XBA�DWC0L�RSA�L_CkÎEâ­C��gPKLONQA�C«ÎEAuV)?BXBD��_PKA�Í/DSXBDTÍ/D
�4DSXBÒ/ÎE?KA
LORSÒ�A4ÓKNQL�DSV/A�NENQY�Nu< Ì ?BDWC�L�]B]BNQY_L_V)?+?8L�C�]KNEY[Õ_A4X×ÎEYÁÓ8A�Õ�A�NEÖ+C�A�XKC�DTÎEDSÕ�A:ÎEY´DSÍ³LOÒ_A:XBY_DSCEA
LOXKÐÁPBXKLOÓKRTA�ÎEY�A�Ñ¨]BNQA�CQC�ÎQ?BA/NQL�XBØ�V�Y_XKCkÎQNQL�DTXgÎu< Ì ?BA"YOÎQ?BA4N�ÎkÔcY²ÎQA�V)?BXBD��gPBA�C�Î)LOØ�A�DTXgÎQY
L�V4V4Y�PBXgÎ�ÎE?BA"N)LOXBØ´V4Y�XKC�ÎEN)LODSXgÎ�LOX8Ð´Í/DTXKDTÍ/D
�4A³L:Í/Y_NEA�DTXKÐBDSV�L[ÎEDSÕ�A/Ð¨DWCkÎ)LOXKV4A�H�ÎQ?BA�Ò_A4Y�â
Í"A4ÎENQDSV�A4NQNEY_N�HIDSX/ÎE?BA���Ð¨A4Ò_NEA�A�C�YOÏ�ÏGNQA4AuÐ¨Y�Í¯YOÏ�ÎE?BA�ÏGPBXKÐBL�Í"A�XgÎQLOR8Í³L[ÎENQDTÑ�< Ì ?BDSC«NEAuC�PKReÎ)C
DTX�XBY_X¨âjV�Y�XZÕ_A�Ñ:Y_]¨ÎEDSÍ/D��uL[ÎEDSY�X�]BNQY�ÓKRTA�Í/C�ÛeÜ_Ü�H�Ü��[ß3ÎQ?KL[Î!]KNEAuC�A�X_Î�RSY¨V4L�R�C�Y_RTPBÎEDSY�XKC0DSX´L�Ð¨â
Ð¨DeÎQDTY_X´ÎQY:ÎQ?BA�Ò_RTY_ÓKLOR#Y�XKA�C�<��!A4XKV4A�ÎQ?BA"ÏGY�PBXKÐ,C�Y_RTPBÎEDSY�X´DWCML���A�V�ÎQA�ÐÁÓgÖ�ÎQ?BA/V)?BY�DWV�A�YOÏ
ÎE?BA�CkÎ)LONEÎEDSXBÒ´]>Y�DSXgÎ"Y�Ï�ÎE?BAµÍ/DTXBDSÍ/D��uL[ÎQDTY_X LORSÒ�Y_NEDTÎE?KÍ ÛTÜ��[ßy<�;�A4XBA�NQL�RTRSÖ�H�ÎE?KDSC�]8Y_DTXgÎ/DSC
V)?BY_CEA4X²L_C�ÎE?KA�AuCkÎQDTÍ³L[ÎQA!]BNQY[ÕZDSÐBA�Ð/ÓZÖ�ÎQ?BA�RTDSXBA�L�N@V4NEDTÎEA�NEDSY�X²L�XKÐ/ÏGY�N)V�AuÐ"ÎEY�Ó8A�C�DSXBÒ�PKRSL�N
C�A4Î�ÎEDSXBÒ�ÎE?BAMC�Í³L�RTRSA�C�Î@CEDTXBÒ_PBRWLON«Õ[L�RTPBA!ÎEY��4A4NQYKH_ÓBP¨ÎcÎE?BDWC�V)?BY�DWV�A�Ð¨YZA�C@XBYOÎcÒ�PKL�NQL�X_ÎQA4A�ÎQY
�KXKÐµÎE?BA6Ò_RTY_ÓKLOR¡Í/DSXBDSÍ/LK<
ájX,ÎQ?BDWC6]KLO]>A4N6ÔcA/]BNQA�CEA4XgÎ�LµXKA4Ô Í/A4ÎE?BY¨Ð,ÏGY�NMÎQ?BA³A�C�ÎEDSÍ³L[ÎEDSY�X×Y�Ï«ÎE?KA/ÏGPBXKÐBL�Í"A�XgÎQLOR
Í/LOÎENQDeÑ¡<¨á­Î!V4Y�XKCEDSC�ÎQCcY�Ï#L/V�Y_XKCkÎQNQL�DTXKA�ÐµRTAuL�C�Î�âjC��gPKL�NEAuC�ÎEAuV)?BXBD��gPBA6Ô0?BA4NQA�ÎE?BAMN)LOXBØµV�Y�XBâ
Ð¨DeÎQDTY_X Y�Ï�ÎE?KA�Í³LOÎENQDeÑÙDWC"A4XKCEPBNQA�ÐÙÓZÖ×ÎQ?BA�V�Y�X8CkÎQNQL�DTXgÎ�<#ájXÙÎQ?BDWC/ÔcLIÖ×ÔcAµDSÍ/]8YgC�A�ÎE?KA
C�DSXBÒ�PKRSL�NEDTÎkÖãYOÏ�ÎE?BA�Í³L[ÎQNEDTÑ L+]BNQDTY_NED�DSXKCkÎQA�L_ÐÚY�Ï!ÏGY�N)V�DSXBÒ+DeÎ:LOÏxÎEA�N�ÎQ?BA�Í/DTXKDTÍ/D
��L[ÎQDTY_X
]BNEY¨V4A�Ð¨PBNQA6L�C�DSX�ÎE?BA6RSDTXKA�LON�V�NQDeÎQA4NQDTY_X3<���PKN�L�DTÍ DSC�ÎkÔcYOÏGY_RSÐ3< ��DSN)CkÎuHBÔ@A�CE?BY[Ôà?KY[Ô¿ÎQ?BDSC
Y�]¨ÎQDTÍ/D
��L[ÎQDTY_X�]BNQY�ÓBRSA4Í�V4L�X�Ó8A�CEY�RSÕ�AuÐ�LIÕ�Y_DSÐ¨DSXBÒ/RSYZV�LOR�Í"DSXBDSÍ³LB<�
¨A�V�Y_XKÐ¡H8Ô@A�]KNEY[ÕZDWÐ¨A
A�Ñ¨]8A�NEDSÍ/A4XgÎQL�R0NEAuC�PKReÎ)C"CE?BY[Ô0DSXBÒ,ÎE?KLOÎ/Y_PBN³LO]B]KNEYgL�V)?ÚRSA�L_ÐBC�ÎEYãL+Í/Y�NQA�L_V4V�PKNQLOÎEA�A�C�â
ÎEDSÍ/LOÎEA�YOÏ�ÎQ?BAµÏGPBXKÐBL�Í"A�XgÎQLOR�Í³L[ÎQNEDTÑ¡<�ájXÚY�N)Ð¨A�N�ÎEY!�KXKÐÙÎE?BA�CEY�RSP¨ÎEDSY�X LOXKÐ LIÕ�Y�DWÐ¨DSXBÒ
RTY¨V4L�RBÍ/DTXKDTÍ³LBH_Ô@A0]KNEY¨V�A�A�Ð/L�C�ÏGY�RSRTY[Ô�C�<"�#DTN)C�Î�HOÔcA!CE?BY[ÔÚ?BY[Ô ÎE?KDSC«]BNEY_ÓBRSA4Í¯V�LOX³Ó>A!L�Ð¨â
Ð¨NEAuCECEA�Ð�L�C#ÎQ?BA0Í/DTXBDSÍ/D��uL[ÎQDTY_X�Y�Ï>L�NQLOÎEDSY�XKL�RgÏGPBXKV�ÎQDTY_X/DTX"ÎkÔcY�Õ[LONQDWLOÓBRSA�C�< Ì ?BDSC#ÏGPKXKV�ÎQDTY_X
DSC�L�XBY�X¨âjV�Y_XZÕ�A�Ñ/Y�XKA�L�XKÐ¡HgÎE?BA�NEA4ÏGY�NQA�H_ÎE?BAMY_]¨ÎEDSÍ/D��uL[ÎEDSY�Xµ]BNQY�ÓBRSA4Í C�ÎEDSRTR�]BNQA�CEA4XgÎ)C@RSY¨V4L�R
Í"DSXBDSÍ³LB<#
ZA�V4Y�XKÐ¡H#ÔcA:C�?KY[Ô ?KY[Ô ÎE?BDWC�Í/DSXBDSÍ"D
��LOÎEDSY�XÚV�LOXÙÓ>A:NQA�ÏGY_NEÍ�PBRWL[ÎEAuÐ×C�YÁÎE?KLOÎ
DeÎ³V4L�XÙÓ8AµÎQL_V)ØZRTAuÐãÓZÖãNEAuV�A4XgÎQRTÖ×Ð¨A4Õ_A4RSY�]>A�Ð V�Y�XZÕ_A�Ñ¨D$�>V4L[ÎQDTY_X+ÎEA�V)?KXBD
�gPBAuC�Û �[ßy<#ájXÙÎQ?BDSC
Í/L�XBXBA�N�H¨RSY¨V4LOR¡Y_]¨ÎEDSÍ³LOR�CEY�RSP¨ÎQDTY_XKC�LONQAMLIÕ_Y�DWÐ¨A�ÐµLOXKÐ�Y_XBRTÖ²ÎE?BA6Ò_RTY_ÓKLOR�Y�XKA�DWC�ÏGY_PBXKÐ¡<
Ì ?BA�CEL�Í/A�]KNEY_ÓBRTA�Í ?KL_C�Ó8A�A4X�C�ÎEPKÐ¨DSA�Ð�ÓZÖ%��LONEÎERSA4Ö+Û �OßyH¨Ô0?BY³]KNEY[ÕZDWÐ¨A�Ð�L"Í"A4ÎE?BY¨Ð�ÏGY_N
Í"DSXBDSÍ/D���DTXBÒ�ÎQ?BA"L�RTÒ_A4ÓBN)LODWV�A�NENQY�N�A4XKCEPBNQDTXKÒ:ÎQ?BA�N)LOXKØ´V�Y�X8CkÎQNQL�DTXgÎ�H>Ô0?BDWV)?ÁNQA��gPBDSNEAuC�L�X
Y�]¨ÎQDTÍ/D
��L[ÎQDTY_X³Y[Õ�A�N�ÎkÔ@YMÏGNQA4A�]8LON)LOÍ/A�ÎQA4N)C'&G]>Y_CEDeÎQDTY_X³YOÏ3LOX³A�]BDT]>Y�RSA�(�<)�!Y[Ô@A�Õ�A4NuHIÎE?KA!Y�]Bâ
ÎEDSÍ"D
��LOÎEDSY�X/CkÎ)LOÒ_A@Y_X�ÎQ?BA�CEAcÎkÔ@Y�PBXBØZXBY[Ô0XKC#DWC�XBYOÎ�ÏGNQA4AcYOÏ>RTY¨V4L�R¨Í/DTXBDSÍ³L�DTX�ÎE?BA�Ò_A4XBA�NQL�R
V4L�CEA�<
Ì ?BA0]KLO]>A4N«DSC«Y�NQÒ_LOXKD���A�Ð�L_C�ÏGY�RSRSY[Ô�C4<[ájX²CEA�V�ÎEDSY�X*�¨HOÔcA0Ò�DSÕ�A0CEY�Í/A0]BNQA4RSDTÍ/DSXKLONQDSA�C�LOÓ>Y�PBÎ
ÎE?BA!ÏGPBXKÐBL�Í"A�XgÎQLOR>Í³L[ÎQNEDTÑ/L�XKÐ/ÎQ?BA!AuCkÎQDTÍ³L[ÎQDTY_X³ÎEAuV)?BXBD��gPBA�C«Í"A�XgÎEDSY�XBAuÐ²LOÓ>Y[Õ�A_<�ájX:CEA�V�â
ÎEDSY�X¿ÞKH@ÔcAÁC�ÎQL[ÎQAÁY_PBN�L�]B]BNQY_L_V)? ÎQYÙÎQ?BAÁ]BNQY�ÓKRTA�Í�H�CE?BY[Ô0DTXKÒã?BY[Ô�ÎE?BA+V�Y_XKCkÎQNQL�DTXKA�Ð
RTAuL�C�Î�âjC��gPKL�NEAuC6Í/DTXBDSÍ/D��uL[ÎQDTY_XÚDSXãÎE?BA�PBXBØZXBY[Ô0XÚA4XgÎENQDTAuC�Y�Ï0ÎE?BAµÏGPBXKÐKLOÍ/A4XgÎQL�R�Í/LOÎENQDeÑ
V4LOX�Ó>A�V�L�C�Î�L�C�L/Í/DSXBDSÍ"D
��LOÎEDSY�X´DSX�Y�XKRTÖ:ÎkÔ@Y²PKXBØZXBY[Ô0XKC�<+
ZA�V�ÎEDSY�X,�:CE?BY[Ô�C�?BY[Ô ÎQ?BDSC
Y�]¨ÎQDTÍ/D
��L[ÎQDTY_X×]BNEY_ÓBRSA4Í V�LOX×Ó>A²C�Y_RTÕ_A�Ð+PKCEDTXBÒ´V4Y�XZÕ�A4Ñ¨D$�8V�L[ÎQDTY_XÁÍ/A�ÎQ?BY¨ÐBC�DSX×Y�N)Ð¨A4NMÎQY
�KXKÐ�ÎQ?BA�Ò�RSY�Ó8LOR3Í/DSXBDTÍ³LK<8ájX´CEA�V�ÎEDSY�XÁÝ/ÔcA�]BNQA�CEA4XgÎ�CEY�Í/A6NQA�CEPBReÎ)C�Y_Ó¨ÎQL�DTXBAuÐ�Ô0DeÎQ?´Y�PKN
LO]B]BNQY_L_V)?²PKCEDTXKÒ"CEÖZX_ÎQ?BA�ÎQDSV�LOX8Ð²NQA�LOR¡ÐBLOÎQLKHZL�XKÐ²ÔcA�]BNEY[ÕZDWÐ¨A�V4Y�Í/]KL�NEDWC�Y_XKC@Ô0DeÎQ?µY�ÎE?BA�N
Í"A4ÎE?BY¨ÐBC�<gájX²]KLONEÎEDWV�PKRSL�N�HOÔcA!CE?BY[Ô%ÎE?KLOÎ@Y_PBN@CEY�RSP¨ÎEDSY�X³Ò_DTÕ_A�C'CEÍ³LORSRTA�N«Ò_A4Y�Í/A4ÎENQDSV�A�NENQY�N)C



ÎE?KL�XÁÎQ?BA/Y�XBA/]BNQY[ÕZDSÐ¨AuÐ´ÓZÖ�ÎQ?BA/RTDSXBA�L�N6V�NQDeÎQA4NQDTY_X3< � Y�NQA4Y[Õ_A4NuHKDSXBDeÎQDSL�RTD
�4DSXBÒ�XBY_X¨âyRSDSXBA�L�N
V�NQDeÎQA4NQDSL�Ô0DeÎQ?�Y�PBN�CEY�RSP¨ÎEDSY�X�LORSRSY[Ô�C@P8C�ÎEY �KXKÐ�L"Í/Y�NQA6L�V4V4PBN)L[ÎEA�A�C�ÎEDSÍ³L[ÎQA�Y�Ï�ÎQ?BAMÏGPBX¨â
ÐBLOÍ/A4XgÎ)LOR¡Í³L[ÎQNEDTÑ¡< ��DSXKL�RTRSÖ�HBDSX�C�AuV�ÎQDTY_X �"ÔcAMV4Y�XKV4RTP8Ð¨AMÎE?BA6]8LO]>A4Nu<

� �,Æ�����Ë�� Ë�Ä
	�ÆKË����
��DSN)CkÎ�Y�Ï#LORSRyH¨RTA4Î�PKC0DSX_ÎQNEY¨Ð¨P8V�A�ÎE?BA6XKYOÎQLOÎEDSY�X�PKCEA�Ð�DTX�ÎQ?BDSC�]KLO]>A4Nu<


�� NEAuLOR¡CE]KL�V4A������������� DSÐBA4XgÎEDTÎkÖ:Í³L[ÎQNEDTÑ����� � ÎEN)LOXKCE]8YgC�AMY�Ï � ���� � & �! �)( � ]>Y_CEDeÎQDTÕ_AMÐBA �KXBDTÎEA*&sC�A�Í/DSÐ¨A��KXBDTÎEA�(�Í³L[ÎENQDTÑ"�
& � (�#%$ & � A4XgÎENQÖ &('*),+ (cYOÏ � �-/.0- ^ & -�.1- ^ $ 2 ( � &GÔcA4DSÒ�?gÎEAuÐ (@A4PKV4RTDWÐ¨A�L�X�XBY�NQÍ YOÏ . �
Ð¨A�Î�& � ( � Ð¨A4ÎEA�NEÍ/DSXKLOXgÎ0YOÏ � �
L�Ð43�& � ( � L�Ð43kY_DTXgÎ0YOÏ � �576 & � ( � Í/LOÑ¨DTÍ�PBÍ NQA�LOR¡A�DTÒ_A4XZÕ[LORSPBA�YOÏ � �8 A4N�& � ( � XZPBRSR3C�]KL_V�AMYOÏ � <
;�DTÕ_A4X L+]KLODSN³YOÏMDTÍ³L�Ò�A�C�H#ÎE?BA´ÏGPBXKÐBL�Í"A�XgÎQLOR0Í³LOÎENQDeÑ:9<; 
>=@?�= DSC³Ð¨A��KXBAuÐ L�C"ÎE?KA
Í/LOÎENQDeÑ�CELOÎEDWCkÏGÖZDSXBÒ"ÎE?BA6NQA4RWL[ÎQDTY_X

.BA � 9 .DC �FE ."A ) . &kÜ�(
Ô0?BA4NQA . AG) . ; 
 =ÁLONQA�ÎQ?BA²]BNQYH3kAuV�ÎQDTY_XKC�A�Ñ¨]BNQA�CQC�AuÐÁDSX×?BY�Í/Y�Ò_A4XBA�Y�PKC6V4YZY�N)Ð¨DTX8L[ÎEAuC�YOÏ
ÎE?BAMCEL�Í/A�Þ�I ]>Y�DSXgÎcDSX³ÎE?KA!ÎkÔcY�DSÍ³LOÒ�AuC4< Ì ?BA�ÏGPBXKÐBL�Í/A4XgÎQL�R8Í³L[ÎQNEDTÑ¡HJ9 ?KL�C'�6Ð¨A�Ò�NQA4AuC
YOÏ#ÏGNEA�A�Ð¨Y_Í Ó8A�DTXKÒ/ÐBA �KXBAuÐ�PB]�ÎEY²L/CEV�LORSA�Ï·L�V�ÎQY�N�L�XKÐ:Ó>A4DSXBÒ²CEDTXKÒ�PBRWLON6Û ÝIß­<
Ì ?BALKNMPOBQSRHTVU�T/MPWXQ�T/M(YHO³ÏGY�N�ÎQ?BA6A�C�ÎEDSÍ³L[ÎQDTY_XµY�Ï19 DSC�ÐBA �KXBAuÐ�L�C

Í"DSXZ
�[
#]\ F

& . A# � 9 . # ( ^ & �)(

Ô0?BA4NQA � DSC!ÎE?KA�XZPBÍ�Ó>A4N�YOÏ�Y�Ó8C�A�NEÕ_A�Ð�]8Y_DTXgÎMV�Y�NQNQA�CE]8Y_XKÐ¨A4X8V�A�C�<¨ájX´Y_NQÐ¨A�N0ÎEY:Y�Ó¨Î)LODSX´L
C�DSXBÒ�PKRSL�N�Í³L[ÎENQDTÑ�HBÎE?BA"C�Í³LORSRSA�C�Î!C�DSXBÒ�PKRSL�N�Õ[LORSPBA�YOÏ�ÎQ?BA6ÏGY�PKXKÐ�A�C�ÎEDSÍ³L[ÎEA�DSC�C�A4Î�ÎEY*��A4NQY
Û ^Oßy< Ì ?BA`_@Mba/WXR@OBUSQcWXY`QXdBM deY@KfRHTgKhMPOBQ�acU�T/MPWXQiT/M(Y@O:L�XKÐ�ÎE?BAcjHT�Rk_@M(QiOeW
UiT/MPW,QiT/M(Y@O:ÎQLOØ_A6DTXgÎQY
L�V4V4Y�PBXgÎMÎE?KA³NQL�XBØÁV�Y_XKC�ÎEN)LODSX_ÎMPKCEDTXKÒ�L�CEPBDTÎQL�ÓBRTA/]KL�NQL�Í/A�ÎEA�NED
��LOÎEDSY�XÁÏGY�Nl9/< Ì ?BA �KN)C�Î
V�NQDeÎQA4NQDTY_X�ÐBA �KXBAuC�ÎQ?BA�V4Y_C�Î�ÏGPBXKV�ÎEDSY�XÁL_C0ÎE?KA�CEPBÍ Y�Ï«C��gPKL�NEAuC�YOÏ«Ð¨DWC�ÎQLOX8V�A�C!YOÏ'L³]>Y�DSXgÎ
ÎEY³ÎQ?BA�V�Y_NENQA�CE]>Y�XKÐ¨DSXBÒ³A�]BDT]>Y�RWLON!RTDSXBA�< Ì ?BA�CEA�V4Y�XKÐ�V4NEDTÎEA�NEDSY�X�V�Y_XKCEDSÐ¨A�NQC!L/]BNEY_ÓBRSA4Í YOÏ
C�PBNEÏ·L�V4A �KÎ�ÎEDSXBÒ�Ó>A�ÎkÔcA4A�XÁÎQ?BA²ÐBL[Î)L×Û�& . A# ( F ��& . A# ( ^ ��& . # ( F ��& . # ( ^ ßm; 
>n LOXKÐÁÎE?KA²C�PBNEÏ·L�V4A
Ð¨A �KXKA�Ð�ÓZÖ &kÜ�(�< Ì ?BAuC�A�XBY�X¨â­RSDTXBAuLON!V4NEDTÎEA�NEDWL/NQA�CEPBReÎ�DTX�ÎQ?BA�Í/DSXBDTÍ/D
��LOÎEDSY�X�YOÏ'ÔcA4DSÒ�?gÎQA�Ð
RTAuL�C�Î�âjC��gPKL�NEAuC �

Í"DSXZpo qir,sXtfZvu \�w
�[
#]\ F�x

&G9m) . A# ) . # ( & . A# � 9 . # ( ^ &·Þ (

Ô0?BA4NQA

x
&(9m) ."A# ) . # ( C Ü

&(9 � . A# ( ^ Fzy &(9 � . A# ( ^^ y
Ü

&(9 . # ( ^ Fzy &(9 . # ( ^^
& � (



ÏGY�N�ÎE?KA�Ð¨DSC�ÎQL�XKV�A�ÎQY³A4]BDS]8Y_RSL�N0RTDSXBAuC0V�NQDeÎQA4NQDTY_X�L�XKÐ

x
&(9m) . A# ) . # ( C Ü

&(9 � . A# ( ^ F y &(9 � . A# ( ^^ y &(9 . # ( ^ F y &(9 . # ( ^^
&sÝ)(

ÏGY�N"ÎE?BA�Ò�N)L�ÐBDTA�X_Î/V�NQDeÎQA4NQDTY_X3< Ì ?BAµÍ³L�DTX ]BNEY_ÓBRSA4Í Ô0DTÎE?ÙÎQ?BA�CEA�XBY�X¨â­RSDTXBAuLON/V�NQDeÎQA4NQDSLÁDSC
ÎE?BA6Ð¨A�]8A�XKÐ¨A4X8V�Ö:Y�Ï3ÎE?KAMÏGY�PBXKÐ�CEY�RSP¨ÎEDSY�XµY�XµÎE?BA6C�ÎQLONEÎEDSXBÒ"]8Y_DTXgÎ�ÏGY�NcÎQ?BAMY�]¨ÎQDTÍ/D
��L[ÎQDTY_X
]BNEY¨V4A�Ð¨PBNQA�H#Ð¨PBAµÎEYÁÎE?BAµÏ·L�V�Î�ÎE?8L[Î�ÎQ?BA�V�Y_C�Î�ÏGPKX_ÎQDTY_XÚÐ¨A��KXBA�ÐÚDTX &·Þ)(�DWC�XBY_X¨âjV�Y�XZÕ_A�Ñ¡<
� Ñ¨]8A�NEDSÍ/A4XgÎQC0CE?BY[Ô L�RWLONQÒ�AMÐ¨D��>A�NEA�XKV�A6Ó>A�ÎkÔcA4A�X�NEAuC�PBRTÎQC�Y_Ó¨ÎQL�DTXKA�Ð�CkÎ)LONEÎEDSXBÒ"ÏGNEY_Í ÎE?KA
A�ÑBL�V�Î�C�Y_RTP¨ÎQDTY_XãLOXKÐãC�ÎQL�N�ÎQDTXBÒ�ÏGNQY�Í ÎE?BA:CEY�RSP¨ÎQDTY_X+]KNEY[ÕZDWÐ¨A�Ð+ÓZÖ´ÎQ?BA²RSDTXBAuLON�V4NEDTÎEA�NEDSY�X�H
Ò�A4XKA4N)LORSRTÖ³PKCEA�ÐµÎQY"DSXBDTÎEDWLORSD���AMÎE?BAuC�AMÍ/DSXBDTÍ/D
��LOÎEDSY�XKC�ÛTÜ��[ßy<
� A4ÏGY�NQA×]BNEY¨V4A4A�ÐBDTXBÒ Ô0DTÎE?½ÎQ?BAã]BNQA�CEA4XgÎQLOÎEDSY�X½YOÏ/Y�PKNÁLO]B]KNEYgL�V)?3H�RSA�ÎÁPKC´NEA�ÕgDSA4Ô ÎE?KA
Í"A4ÎE?BY¨Ð ]BNQY�]>Y_CEA�ÐãÓZÖ �!L�N�ÎQRTA�Ö+ÏGY�N"ÎE?BA�Í/DTXKDTÍ/D
��L[ÎQDTY_X Y�Ï�ÎE?KA�L�RTÒ_A4ÓBN)LODWV²A�NENQY�N"V�Y�XBâ
CkÎQNQL�DTXBAuÐ�ÓZÖ:ÎQ?BA/C�DSXBÒ�PKRSL�NEDTÎkÖµY�Ï�ÎE?BA�ÏGPBXKÐBL�Í/A4XgÎQL�R#Í³LOÎENQDeÑãÛ �Oßy<>ájX,CE?BY_N�ÎuH+�!L�N�ÎQRTA�Ö�NEA4â
Ð¨PKV�AuC�ÎQ?BA"XgPKÍ�Ó>A4NMYOÏ«Ð¨A�Ò�NQA4AuC�YOÏ«ÏGNEA�A�Ð¨Y_Í ÏGNQY�Í�A�DTÒ_?_Î &xÎQ?BA�ÏGNQA4A�]KLON)LOÍ/A4ÎEA4N)C�Y�Ï'ÎE?KA
ÏGPBXKÐBL�Í"A�XgÎQLOR�Í/LOÎENQDeÑ (cÎQY/ÎkÔ@Y,&GÎE?BA6ÏGNQA4A6]8LON)LOÍ/A�ÎQA4N)C�YOÏ�LOX�A4]BDS]>Y�RSA�(�PBX8Ð¨A4N0ÎQ?BA�N)LOXBØ
��V4Y�XKC�ÎEN)LODSXgÎ�< Ì ?BA4NQA�ÏGY_NEA_HgÎE?BAMY�]BÎEDSÍ"D
��LOÎEDSY�X�CkÎ)LOÒ_A!RSYgY_Ø¨C«ÏGY_N�ÎE?BAMA�]BDT]>Y�RSAMÍ/DTXBDSÍ/D���DTXKÒ
ÎE?BA:L�RTÒ_A4ÓBN)LODWV"A4NQNEY_N�<��!X¨ÏGY�NEÎEPBX8L[ÎEA�RTÖ_H3ÎQ?BDSC�CkÎQA4]×DWC�XBY�Î6ÏGNEA�A²YOÏ�RTY¨V�LOR'Í/DSXBDTÍ³L�DSX×ÎE?KA
Ò�A4XKA4N)LOR¡V4L_C�A_HBL�C �KÒ_PBNEA/Ü6CE?BY[Ô�C@ÏGY�N0ÎQ?BA�CkÎ)L[ÎQPBAMDTÍ³LOÒ_A6C�A��_PKA4XKV4A�C�YOÏ�Û �Oßy<

−2
0

2

−2−1012

0.02

0.04

0.06

0.08

0.1

0.12

����� ¦
	g¦ À@vmtun)��h�f�bmª�nQhjhkp�h«}InEhk~j�g~�d¨pu~jb�ikbmpuo³p4z3n)dgbmd¨p�ven�°

� ��

� Ê�Ç«Ä ��Å¨Æ�	�ËEÄ
��È � ��	1�_Å��4����É
	�Æ��p� ���_ÅBË�� 	#ÅBËkÇ«Ä��!ÆBÇ�� � �p�
Ì ?BA6]BNQY�ÓBRSA4Í ÎQ?KL[Î�ÔcAMÔ0DSCE?µÎEY²CEY�RSÕ�AMV4LOX�Ó>A6Ô0NEDTÎ�ÎQA4X�L�C

Í"DSXZ
�[
#]\ F x

#�& . A# � 9 . # ( ^
C�PBÓ�3kA�V�Î0ÎQY Ð¨A�Î�&(9 ( C �

& � (



Ô0?BA4NQA �  ^BH
x
#0; 
 LONQA!]>Y_CEDeÎQDTÕ_AMÒ�DSÕ�A4X:Ô@A�DTÒ_?_ÎQDTXKÒ"V4YgA��²V�DSA4XgÎQC�LOX8Ð³ÎE?KAMV4Y�XKC�ÎEN)LODSXgÎ

A4XKCEPBNQA�C0ÎQ?BA�N)LOXKØ�V4Y�XKÐ¨DTÎEDSY�XÁYOÏ�ÎE?KA�A�C�ÎEDSÍ³L[ÎQDTY_X´YOÏ 9/<��3A4Î�PKC�DTXgÎQNEY¨Ð¨PKV4A � ; 
 � ?�� H
NQL�XBØ�& � ( C ^BHBL�XKÐ���; 
 � C�PKV)?µÎE?8L[Î

�[
#]\ F�x

#�& . A# � 9 . # ( ^ C - �	��
 � - ^^ $ 2 & �"(

Ô0?BA4NQA � ; 
�� V�Y_X_Î)LODSXKCcÎE?KA6A4XgÎENQDTAuC�YOÏ19 �
9 C


� & � ( F & � ( n & � (��& � ( ^ & � (�� & � ( �
& � ( = & � (�� Ü

��
&(^ (

LOXKÐ�� ; 
 � ? � DWC�ÎE?BA�ÐBDSL�Ò�Y�X8LOR¡Í³L[ÎQNEDTÑ:Ô0DTÎE?�A4XgÎQNEDSA�C
x
# <�
ZDSXKV�Al9¯DWC�Ð¨A �8XBA�Ð�PB]�ÎQY

L"CQV4L�RTAMÏ·L_V�ÎQY�NuH¨Ô@AM?KLIÕ_AMCEA�Î &G9 ( = $ = C Ü &sC�A�A�\0A4Í³L�NEØ´Ü�(�< Ì ?KA4X3H & �)(�V�LOX�Ó8A6Ô0NQDTÎ�ÎEA�XL�C
Í"DSX� $ � - �	��
 � - ^^ $ 2

CEPBÓ�3kAuV�Î�ÎEY � & 5 ( � C�� & 5 ( & � (

Ô0?BA4NQA 5 ; 
 ^8H�� & 5 ( ; 
1=H?�� LOX8Ð � & 5 (
; 
1= L�NEAMC�Y³Ð¨A��KXBAuÐ �
� & 5 ( C 
�

� = & 5 ( F � =
& 5 ( ^ �
� & 5 ( ^
� �

��
) &�Ü�� (

� & 5 ( C�� � � 
 & 5 ( ^ � �"! &�Ü�Ü�(
Ì ?BA+V4Y�XKC�ÎEN)LODSXgÎ:DSX & � (²A4Ñ¨]BNEAuCECEA�C²ÎE?BA×CEDTXBÒ_PBRWLONQDeÎkÖ�V�Y_XKÐ¨DTÎEDSY�X¿Y_X 9	L_C²ÎQ?BA,RSDSXBA�L�N
Ð¨A4]>A4XKÐBA4XKV4Ö,Y�ÏcÎQ?BA:V4Y�RSPBÍ/XKC�Y�Ïm9�LOX8Ð×?BA4XKV4A:Ð¨A4Î�&(9 ( C �K<3ájXãY�N)Ð¨A4NMÎQYÁCEY�RSÕ�A/ÎE?KA
Í"DSXBDSÍ/D��uL[ÎEDSY�X"]BNQY�ÓBRSA4Í & �)(�H[RTA4Î�P8C�Y�ÓKCEA4NQÕ�A«ÎE?KLOÎ#ÎQ?BA�V�Y_XKC�ÎEN)LODSX_Î#DSC�RSDSXBA�L�N#DSX � ÏGY�N�L�XgÖ
�BÑ¨A�Ð 5 <"
ZY8HIÎE?BA�]BNQY�ÓKRTA�Í V4L�X�Ó>A�CEY�RSÕ�AuÐ�PKCEDSXBÒ!ÎQ?BA#��L�Ò�N)LOXBÒ_A%$ C3Í�PBReÎQDT]KRTDSA4N)C�Y�Ó¨Î)LODSXBDSXBÒ
ÎE?BA�CEY�RSP¨ÎEDSY�X � & & 5 ( �

� & & 5 ( C�' 
)( � & 5 (+* & 5 (¡Û ��& 5 ( ' 
 � & 5 (­ß &�Ü��)(
Ô0?BA4NQA ' ; 
,� H ( ; 
,�@?�� LOXKÐ-* & 5 (m; 
1=4?�= LONQA �

' C (0� � �.�4) &�Ü�Þ (( C & � � � � (0/ F ) &�Ü�� (* & 5 ( C21 � & 5 ( ( � � & 5 (43 / F ! &�ÜuÝ)(
5 Y[Ô6H¨DTÎ�DSC�V4RTAuLONcÎE?8L[Î0ÎE?KA6Í"DSXBDSÍ�PBÍ76 & YOÏ'& � (�V4LOX�Ó>A�V�Y�Í/]BPBÎEA�Ð�L_C �

6 & C Í/DTX� 6 & & 5 ( ! &�Ü�� (


ZYKH¨RSA�Î�PKC!V4LORWV�PKRSLOÎEA86 & & 5 (�<�
ZPBÓ8CkÎQDeÎQP¨ÎEDSXBÒ � & & 5 (�DTXgÎQY�ÎQ?BA�V�YgCkÎ�ÏGPBX8V�ÎEDSY�X�ÔcA6Y�Ó¨Î)LODSX �
6 & & 5 ( C!- �9� & & 5 ( 
 � - ^^ $ 2

C;: w y =[
#]\ F

: #�& 5 ( &�Ü��"(



Ô0?BA4NQA

: w C � � � � � � 
 �	(0� � � � �4) &�Ü ^ (: F & 5 ( C�� � & 5 (�* & 5 ( � & 5 (/) &�Ü�� (: ^ & 5 ( C 
 � ' � � � & 5 (+* & 5 ( � & 5 (/) & ��� (: = & 5 ( C�' � � � & 5 (+* & 5 ( � & 5 ( ' ! & �¨Ü�(

Ì ?BA:V�Y_XKC�ÎEN)LODSXBA�Ð+]BNQY�ÓBRSA4Í & � (6DSX ^�ÕIL�NEDWLOÓKRTAuC6DSC�A��gPBDSÕ[LORSA4XgÎ�ÎEY´ÎE?BA²PKXKV�Y_XKCkÎQNQL�DTXKA�Ð
]BNEY_ÓBRSA4Í &kÜ��)(�DSX �6ÕIL�NEDWLOÓKRTAuC4<gájX²Y�N)Ð¨A�N'ÎEY"V�Y_Í"]KP¨ÎEA�ÎE?BAMCEY�RSP¨ÎEDSY�X�6 & H_RSA�Î�PKCcV�Y_XKC�DWÐ¨A�N
ÎE?BAµÏGY�NQÍ YOÏ0ÎE?KA:ÏGPBX8V�ÎEDSY�X 6 & & 5 (�< Ì ?BA:ÎQA4NQÍ³C : #�& 5 ("LONQA²NQLOÎEDSY�XKL�R'ÏGPBX8V�ÎEDSY�X8C�Y�Ï�ÎE?KA
A4XgÎENQDTAuC�YOÏ 5 <8ájX:Ï·L_V�Î�HKRTA4Î�PKC0Ô0NQDeÎQA * & 5 (�L�C �

* & 5 ( C � & 5 (
� & 5 ( ) & �"�)(

� & 5 ( C L�Ð43 1 � & 5 ( ( � � & 5 ( 3 ) & �OÞ (
� & 5 ( C Ð¨A�Î 1 ��& 5 ( ( � � & 5 (43 ! & ��� (


ZDTX8V�A � & 5 (�ÐBA4]>A4XKÐBC!RTDSXBAuLONQRTÖµY�X 5 H8Ô@A�?KLIÕ�A�ÎE?8L[Î�� & 5 (�DSC�L/]>Y�RSÖZXBY�Í/DWLOR3Í³LOÎENQDeÑ�YOÏ
Ð¨A4Ò_NEA�A'��LOXKÐ � & 5 (@L6]8Y_RTÖZXBY_Í/DSL�RBYOÏ�Ð¨A�Ò�NQA4A �K< 
gÎQNQL�DTÒ_?_ÎEÏGY�NQÔcL�NQÐ�V�Y_Í"]KP¨ÎQLOÎEDSY�XKC@LORSRTY[Ô
PKC�ÎEY³CE?BY[ÔàÎQ?KL[Î 6 & & 5 (0V4L�XµÓ>A6Ô0NQDeÎEÎEA4X�L_C �

6 & & 5 ( C�� & 5 (� & 5 ( & ��Ý)(

Ô0?BA4NQA � & 5 (�DWC0L"]8Y_RTÖZXBY_Í/DSL�R¡YOÏ�Ð¨A4Ò_NEA�A��/Ð¨A��KXBA�Ð�L_C �
� & 5 ( C : w�� & 5 ( y � � & 5 (�� & 5 ( � & 5 ( 
 � ' � � � & 5 (�� & 5 ( � & 5 ( y ' � � � & 5 (�� & 5 (�� & 5 ( ' !

& ��� (�3A�Î6PKCMY_ÓKCEA4NQÕ�A�ÎQ?KL[Î6ÎQ?BA"ÏGPBXKV�ÎEDSY�X � & 5 (�DWC6C�ÎENQDSV�ÎERSÖ´]8YgC�DTÎEDSÕ�A"A4Õ_A4NQÖZÔ0?BA4NQA�Ó>A4DSXBÒ�ÎE?KA
Ð¨A4XBY_Í/DTXKLOÎEY_N0YOÏ�ÎQ?BA6]>Y_CEDeÎQDTÕ_AMÐBA �KXBDTÎEA6Í³LOÎENQDeÑ-� & 5 ( ( � � & 5 (�<
	�

��������� Ì ?BAÁ]KLON)LOÍ/A�ÎQNED
��LOÎEDSY�X�YOÏMÎQ?BA�ÏGPBXKÐKLOÍ/A4XgÎQL�R�Í³LOÎENQDeÑ�V)?BY_CEA4X�DSX &(^ (/DSC
XBYOÎ6Ò�A�XBA4N)LOR�CEDTXKV4A,&(9 ( = $ = V4L�X,Ó>A �4A4NQYK< �!A4XKV4A�H¡DSXÁÎQ?BDSC6C�ÎEA�],ÔcA"?KLIÕ�A�ÎEY�CEA4RSA�V�ÎMY�XKAYOÏ�ÎE?BA:XBDTXKA²A4XgÎENQDSA�C6Y�Ï 9 ÎQ?KL[ÎuH3ÏGY�N�ÎE?BA�V�Y�X8C�DWÐ¨A4NQA�Ð+V4L_C�A_H�DWC6XBY�Î �4A�NEY´L�XKÐ+XBYOÎ�ÎQYZY
C�Í³LORSR�DTX+Y�N)Ð¨A�N!ÎQY�LIÕ_Y�DWÐ�XZPBÍ/A4NQDSV�LOR�]BNQY�ÓBRSA4Í³C�<>J Ò�YZY¨ÐÁV)?KY�DWV�A/V�Y�PKRSÐÁÓ8A³CEA�Î�ÎQDTXKÒ:ÎQY
Ü6ÎE?BA�A4XgÎENQÖ�Ô0DeÎQ?�ÎE?BA�Í/LOÑ¨DTÍ�PBÍ Í/Y¨Ð¨PBRSPKC�DTX´ÎE?BA�AuCkÎQDTÍ³LOÎEA�]KNEY[ÕZDWÐ¨A�Ð�ÓZÖ:ÎQ?BA�RSDSXBA�L�N
V�NQDeÎQA4NQDTY_X3<

� �,ÆBÇ�� ����� �gÇ ��É�ÅBËkÇ«Ä���Ë 	 Ê�Ç«Ä�� ��� �!ÆKÇ��'Æ�	0� � Ë�Ä��
ájX:ÎQ?BDSC0CEA�V�ÎEDSY�XµÔ@AM]BNQA�CEA4XgÎ0L�V4Y�XZÕ�A4ÑZD��8V�L[ÎEDSY�XµLO]B]BNQY_L_V)?³ÎEY�ÎE?KA�C�Y_RTP¨ÎQDTY_X:Y�Ï�]BNQY�ÓBRSA4Í
& �)(�< Ì ?BA/ÎQA�V)?BXBD��gPBA³DWC6ÓKL�CEA�Ð,Y�X)��DTXBAuLON � LOÎENQDeÑ,ájXBA��gPKL�RTDTÎEDSA�C*& � � á (/ÛTÜ�ßcLOXKÐ+RSA�L�ÐKC
ÎEY,ÎE?BA�V�Y_XKC�ÎENQPKV�ÎQDTY_XÚYOÏ�RTY[ÔcA4N"Ó8Y_PBXKÐBC"Y_XÚÎQ?BAµÒ_RTY_ÓKLOR0CEY�RSP¨ÎEDSY�XÚYOÏ!ÎQ?BA�]8Y_RTÖZXBY_Í/DSL�R
Y�]¨ÎQDTÍ/D
��L[ÎQDTY_X×]BNEY_ÓBRSA4Í & �)(�< � Y�NQA/DTÍ/]>Y�NEÎQLOXgÎQRTÖ_H3DeÎ�]BNEY[ÕZDWÐ¨A�CML�X+AuL�CEÖ�ÎEAuCkÎ6ÎQY´V)?BA�V)Ø



Ô0?BA�ÎQ?BA4N#ÎE?KAcY_Ó¨ÎQL�DTXKA�Ð�CEY�RSP¨ÎQDTY_X�DWC�ÎQ?BA�Ò�RSY�ÓKL�RZY�]¨ÎQDTÍ�PBÍ Y�NB3kPKC�Î'L!RSY[Ô@A�N�Ó>Y�PKXKÐ¡<��BNQY�Í
ÎE?BA6]BNQA4ÕZDSY�PKC�CEA�V�ÎEDSY�X�Ô@AM?KLIÕ_A!ÎQ?KL[Î �

6 & C Í/DSX� � & 5 (� & 5 ( ! & �)�"(

�3A�Î�P8C�NEA�Ô0NEDTÎEA & � ��(cL�C � 6 & C Í/DTX�H$ ���
C�PKÓ�3kA�V�ÎcÎQY � & 5 (� & 5 ( C � ! & �H^ (

Ô0?BA4NQA � ; 
 DWC!LOX´L_ÐBÐ¨DTÎEDSY�XKL�R3Õ[LONQDSL�ÓBRSA�< Ì ?BA�V�Y�X8CkÎQNQL�DTXgÎ�DSX & ��^)(�V4L�X�Ó8A�Ô0NEDTÎ�ÎQA4XÁL_C
� & 5 ) � ( C �/Ô0?KA4NQA

� & 5 ) � ( C � & 5 ( 
 � � & 5 ( & ��� (

C�DSXKV�A � & 5 (��C �"ÏGY�N�LORSR 5 < ��A�XKV�A_H 6 & DSC�Ò_DTÕ_A4X�ÓZÖ �
6 & C Í/DTX�H$ � �

CEPBÓ�3kAuV�Î�ÎEY � & 5 ) � ( C �
&sÞ"� (

Ô0?BA4NQA�ÎE?BA�V4Y�XKC�ÎEN)LODSXgÎ�DWC0L"]8Y_RTÖZXBY_Í/DSL�R¡DTX�ÎE?KA6PBXBØZXBY[Ô0X 5 LOXKÐ � <� NQY�ÓBRSA4Í &·Þ)�)(�Ó8A�RTY_XBÒ_C�ÎEY�LµV4RSL_CEC�YOÏ@Y�]¨ÎQDTÍ/D
��L[ÎQDTY_XKC�]BNEY_ÓBRSA4Í³C�ÏGY_NMÔ0?BDSV)?+V�Y_XgÕ_A�Ñ¨D��Bâ
V4L[ÎQDTY_X�ÎEAuV)?BXBD��_PKA�C�?8LIÕ�A6Ó>A4A4XÁNEAuV�A4XgÎQRTÖ�Ð¨A4Õ_A4RSY�]>A�ÐãÛ �¨HEÞOßy< Ì ?BA�Ø_A4Ö�DSÐ¨AuL³Ó>A4?BDSXKÐ�ÎQ?BDSC
ÎEA�V)?KXBD
�gPBA0DWC�ÎQY6A4Í�Ó>A�Ð³LMXKY�X¨âjV�Y_XgÕ_A�Ñ�]BNQY�ÓKRTA�Í DSX_ÎQY�L�Y�XBA4ây]KL�NQL�Í/A�ÎEA�N#Ï·LOÍ/DTRSÖ"YOÏ¡V�Y�XBâ
Õ�A�Ñ²Y_]¨ÎEDSÍ/D��uL[ÎQDTY_Xµ]BNQY�ÓKRTA�Í/C�<��3A4Î0PKC0C�A�AM?BY[Ô ÎE?KDSCcÎQA�V)?BXBD��gPBA�V4L�X:Ó>A�LO]B]KRTDSA�Ð:ÎEY/Y�PKN
V4L�CEA�< �#DSNQC�Î0YOÏ�LORSRsH¨RSA�Î�P8C0NEA�Ô0NEDTÎEA�ÎQ?BAM]8Y_RTÖZXBY_Í"DWLORWC � & 5 (0LOXKÐ � & 5 (0L�CcÏGY_RTRSY[Ô�C �

� & 5 ( C
�[
#]\�w � #�& 5 (/) &sÞBÜ�(

� & 5 ( C
�[
#]\�w � #�& 5 (

! &sÞ)�)(

Ô0?BA4NQA � #�& 5 (@LOXKÐ � #�& 5 («L�NEA�?KY�Í/Y�Ò_A4XBA�Y�PKC�ÏGY_NEÍ³C@YOÏ3Ð¨A�Ò�NQA4A
')< 5 Y[Ô6H�RSA�Î�PKC«DTXgÎENQY¨Ð¨PKV4AÎE?BAMÏGPBX8V�ÎEDSY�X � & : � 5 ) � ( �
� & : � 5 ) � ( C

�[
#]\�w �

� / #: � / # Û � # & 5 ( 
 : �J# & 5 (­ß ! &sÞ�Þ (

� A6?KLIÕ_A!ÎQ?BAMÏGY�RSRSY[Ô0DTXBÒ/]BNQY�]>A4NEÎEDSA�C �
Ü�<cÏGY�N�L��BÑ¨A�Ð : H � & : � 5 ) � (cDWC0L/?BY_Í"Y_Ò�A�XBA4Y_PKC'ÏGY_NEÍ YOÏ�Ð¨A4Ò_NEA�A �"DSX 5 LOXKÐ � �
�¨< � & 5 ) � ( C � & : � 5 ) � (�ÏGY�N�LORSR 5 DTÏ � C : <
��A4X8V�AcÎE?BA@ÏGY�NQÍ � & : � 5 ) � (#LOXKÐ�ÎE?BA�]>Y�RSÖZXBY�Í/DWLOR � & 5 ) � (�LONQA«A��_P8LORZY�X�ÎE?BA�]BRWLOXBA � C�: <
ájXÁY�N)Ð¨A�N�ÎEY%�KXKÐ 6 & RSA�ÎMPKC�Y�ÓKCEA4NQÕ�A6ÎQ?KL[Î �  �²Ó>A�V�LOPKCEA�6 & DWC�]>Y_CEDTÎEDSÕ�A�< � Y_NEA�Y[Õ�A4NuH
C�DSXKV�A � & 5 (!DWC!]>Y_CEDeÎQDTÕ_A�H8ÎE?BA�X � & 5 ) � (  �³ÏGY_N � C �K< Ì ?BDWCMC�PBÒ_Ò�AuCkÎ)C0ÎE?8L[Î 6 & V4L�X´Ó>A



V�Y�Í/]BPBÎEA�Ð+L�C�ÎQ?BA/Í/DTXBDSÍ�PKÍ � ÏGY_NMÔ0?BDSV)?,ÎE?KA/ÏGPBXKV�ÎQDTY_X � & 5 ) � (�RTYgC�AuC�DTÎQCM]>Y_CEDTÎEDSÕgDTÎkÖ�HÎE?KLOÎ�DSC � 6 & C Í/DSX�� � � � & 5 ) � (�� � ÏGY�N�CEY�Í/A 5�� ! &sÞ�� (
��A4X8V�A�HgPKCEDTXKÒ6ÎE?BA!?BY�Í/Y�Ò_A4XBA�Y�PKC�ÏGY�NQÍ � & : � 5 ) � (�HgA��gPKLOÎEDSY�X &sÞ�� (�Ó8AuV�Y�Í/AuC &·CEA4A�Û ÞOß8ÏGY_NÐ¨A�Î)LODSRSC	( � 6 & C Í"DSX�� : � � & : � 5 ) � (�� � ÏGY_N�C�Y_Í"A 5 ) � � ! &sÞ_Ý)(
Ì ?BAcÐBD$��A4NQA4XKV4A@Ó>A�ÎkÔcA4A�X &sÞ_Ý)(3LOX8Ð &sÞ�� (3DSC�ÎQ?BA�PKC�AcYOÏ>L!?BY_Í/Y�Ò�A�XBA4Y_PKC¡ÏGY_NEÍ�H � & : � 5 ) � (�HDTXKC�ÎEAuL�Ð�YOÏ8L�]8Y_RTÖZXBY_Í/DSL�RsH � & 5 ) � (�< 5 Y[Ô6HIRTA4Î�PKC#Y�ÓKCEA4NQÕ�A«ÎE?KLOÎ � & : � 5 ) � (#V4L�X�Ó>AcÔ0NQDTÎ�ÎEA�XL�C �

� & : � 5 ) � ( C�� � & 5 ) � (
	 & : ( � & 5 ) � ( &sÞ"� (
Ô0?BA4NQA � & 5 ) � (V; 
 F w DWC6L�ÓKL�CEA"Õ�A�V�ÎEY_NMÏGY�NMÎE?KA/ÏGY�NQÍ/CMY�ÏcÐ¨A�Ò�NQA4A/Þ�DTX,ÎE?KA³ÕIL�NEDWLOÓKRTAuC
& 5 ( F )�& 5 ( ^ ) � � � & 5 ) � ( C & & 5 ( = F & 5 ( ^ F & 5 ( ^& 5 (k^F � & 5 ( F & 5 (k^^& 5 ( F & 5 ( ^ � & 5 ( F � ^

& 5 ( =^ & 5 (k^^ �
& 5 ( ^ � ^ � = ( �

&sÞ �"(

LOXKÐ�	 & : ( ; 
 F w ? F w DWC�LÁC�ÖZÍ/Í/A�ÎENQDWV³Í³L[ÎENQDTÑ×Ð¨A�]8A�XKÐ¨DSXBÒÁY_X : < 5 Y[Ô6H�DTÎ�DWC�A�ÕZDSÐ¨A�XgÎ
ÎE?KLOÎ�]8YgC�DTÎEDSÕZDeÎkÖ´Y�Ï@ÎQ?BA³Í³L[ÎQNEDTÑ�	%& : (�A4X8C�PBNQA�CM]>Y_CEDTÎEDSÕgDTÎkÖ´Y�Ï@ÎQ?BA³?BY�Í/Y_Ò�A4XKA4Y�P8C�ÏGY_NEÍ
� & : � 5 ) � ( &sC�A�A &·Þ)�)( (�< Ì ?BA�NEA4ÏGY�NQA�H[L�RTY[ÔcA4N�Ó>Y�PBX8Ð : & YOÏ,6 & DTX,&·ÞgÝ"(#V4L�X/Ó8A0Y_Ó¨ÎQL�DTXBAuÐ�ÓZÖ
RTYZY�ØZDSXBÒ�LOÎ'ÎE?BA�RTYgCEC«YOÏ¡]>Y_CEDeÎQDTÕZDTÎkÖ"Y�Ï
	%& : (�< Ì Y�]BNEY¨V4A4A�Ð3H�ÔcA�Y�ÓKCEA4NQÕ�A�ÎQ?KL[Î@ÎE?BDWC@Í/LOÎENQDeÑ
DSCcXBY�Î�PKXBD
�gPBA_<ZájX:Ï·L_V�Î�HZÏGY_NcL�Ò�DSÕ�A�X:?BY_Í/Y�Ò�A�XBA4Y_PKC«ÏGY�NQÍ ÎE?BA�NEA�DSC�L�X:DSX �KXBDTÎEAMXZPBÍ�Ó>A4N
YOÏ�Í/LOÎENQDSV4A�C�ÎQ?KL[Î�Ð¨A�CQV�NQDTÓ>A6DTÎ0ÏGY�N0ÎQ?BA�CQLOÍ/A6Õ�AuV�ÎEY_N � & 5 ) � (�<+
¨YKHKÔcA6?KLIÕ_A�ÎQY²V�Y_XKC�DWÐ¨A�NLORSR8ÎQ?BA�CEAMÍ³L[ÎENQDWV�A�C@DSXµY_NQÐ¨A�N«ÎQY"V)?KA�V)Ø/ÎE?KA�]>Y_CEDeÎQDTÕZDTÎkÖ²YOÏ � & : � 5 ) � (�<¨á­Î0DSCcA�L_C�Ö/ÎQY"CE?BY[ÔÎE?KLOÎ0L�RTR>ÎQ?BA6C�ÖZÍ/Í/A�ÎENQDWV!Í³L[ÎQNEDWV�AuC�Ð¨A�CQV�NQDTÓKDTXBÒ�ÎE?KA�ÏGY_NEÍ � & : � 5 ) � (cV4L�X:Ó>AMÔ0NEDTÎ�ÎQA4X�L�C �

	*& : ( 
�� ) � ;�� &sÞ�^ (
Ô0?BA4NQA�� DSC�ÎQ?BA6RSDTXBAuLON0CEA�Î�YOÏ�CEÖgÍ/Í/A�ÎQNEDWV�Í³L[ÎENQDWV�A�CcÎQ?KL[Î�Ð¨AuCEV4NEDSÓ>AMÎE?BA6XZPBRSR�ÏGY�NQÍ �

� C�� � C � � ; 
 F w ? F w � � � & 5 ) � ( � � & 5 ) � ( C �VE 5 ) ��� ! &sÞ"� (

ZDTX8V�A�� DSCcL6RSDTXKA�LONcC�A4Î�HgA4Õ_A4NQÖ�A4RSA4Í/A�X_Î � V4L�X³Ó8A�RTDSXBAuLONQRTÖ"]KLON)LOÍ/A4ÎENQD���A�Ð¡<_ájXKÐ¨A4AuÐ¡HgRTA4Î
� &�� (!Ó8A/L:Ò_A4XBA�NEDWV6A�RTA�Í"A�XgÎ�Y�Ï��!<�á­Î6V4LOXÁÓ8A³CE?BY[Ô0X�ÎE?8L[Î��¬?KL_C�ÐBDTÍ/A4X8C�DSY�X!� �³L�XKÐ
?BA4XKV4A

� &�� ( C ^
�[

#f\ F
� # � # & �)� (

ÏGY�N�L"Ò�DSÕ�A�XµÓKL_C�A � F ) � ^ ) ! !�! ) � ^ ��YOÏ��!< �!A4XKV4A�H &sÞ�^ (@V�LOX�Ó8A6Ô0NQDTÎ�ÎEA�X�L�C �
	%& : ( 
�� &�� (!)�� ; 
 ^ � ! & �KÜ�(


ZPBÍ/Í/DTXBÒ³PK]3HKL"RTY[ÔcA4N�Ó>Y�PBX8Ð : & YOÏ 6 & V4LOX�Ó>A6Y�Ó¨Î)LODSXBA�Ð�L�C �
: & C Í/DSX� $ � :

CEPBÓ�3kA�V�Î0ÎEY Í/DTX� 5B6 Û � &�� ( 
 	 & : (jß � � ! & � �)(



Ì ?BDSC"Í/A�L�XKC�ÎE?KLOÎ : & V4LOX Ó8A�V�Y_Í/]BP¨ÎEAuÐÚÕZDWLÁL+C�A��gPBA4XKV4AµY�Ï�V�Y_XZÕ�A�ÑãY_]¨ÎEDSÍ/D��uL[ÎEDSY�X8C
DTXKÐBA�Ñ¨A�ÐµÓZÖ³ÎE?BAM]KL�NQL�Í/A�ÎEA�N : <¨ájXKÐ¨A�A�Ð¡HZÏGY_N�L��BÑ¨AuÐ : HZÎQ?BAMÍ/DTXBDSÍ/D��uL[ÎQDTY_XµY�Ï�ÎE?KA6Í/LOÑZâ
DTÍ�PBÍ A4DSÒ�A4XZÕ[LORSPBA�Y�Ï�LãÍ³L[ÎENQDTÑ%]KL�NQL�Í/A�ÎENQD
�4A�Ð%RSDTXKA�LONQRSÖÚDSXàDeÎ)C²A�X_ÎQNEDSA�C:DSCµLÙV�Y_XZÕ�A�Ñ
Y�]¨ÎQDTÍ/D
��L[ÎQDTY_X�]BNQY�ÓBRSA4Í ÎE?8L[Î�V�LOX�Ó>A�CEY�RSÕ�AuÐ�Ô0DeÎQ?ÁCkÎ)LOXKÐKLON)Ð�� � á�ÎQA�V)?BXBD��gPBA�C�ÛeÜ��BH�Ü4ßy<
� Y�NQA4Y[Õ_A4NuHILMÓKDSCEA�V�ÎEDSY�X²LORSÒ�Y_NEDTÎE?KÍ Y�X/ÎQ?BA!CQV4LORWLON : V�LOX/Ó8A�A4Í/]BRSY[Ö�AuÐ�ÎQY�C�]>A4AuÐ/PB]/ÎE?KA
V�Y�XZÕ_A4NQÒ�A4X8V�A�<
á­Î#NQA4Í³LODSXKC3ÎEY�ÐBDSCQV�PKCQC�Ô0?BA4X6ÎQ?BAcÓ8Y_PBXKÐ : & DWC�DSXKÐ¨A�A�Ð�A��gPKLOR_ÎEY!ÎE?BAcC�Y_PBÒ�?gÎ#Y�]¨ÎQDTÍ³LOR 6 & <
á­Î�DWC!Y_ÓgÕZDSY�PKC�ÎE?KLOÎ!ÎQ?BDSC�?KL�]B]8A�XKC�DeÏ«L�XKÐ�Y�XKRTÖ�DeÏ � & : & � 5 ) � (0DWC�]8YgC�DTÎEDSÕ�A�CEA4Í/DWÐ¨A �8XBDeÎQA�HDs< A�<8ÎE?BA�NEA�A�Ñ¨DWCkÎ)C 5 & CEPKV)?�ÎQ?KL[Î � & : & � 5 & ) : & ( C �B<>ájX´Y_NQÐ¨A�N�ÎQYµV)?BAuV)Ø:ÎQ?BDSC�V�Y_XKÐ¨DTÎEDSY�X3H
L�Õ_A4NQÖ:CEDTÍ/]BRSA�ÎEA�C�Î�DWC0]BNQY�]>Y_CEA�Ð¡<��3A4Î�� Ó>A�Ð¨A �8XBA�Ð�L�C �

� C 8 A4N�Û � &�� & ( 
 	%& : & (­ß & �_Þ (
Ô0?BA4NQA � & DWC�ÎE?BA/Í/DSXBDTÍ/D
�4DSXBÒ �%ÏGY�NMÎQ?BA³V�Y_XKCkÎQNQL�DTXgÎMDTX & � �"(�< Ì ?BA4X3H�6 & C : & DTÏcL�XKÐ
Y�XBRSÖ�DTÏ�ÎE?BA�NEA!A�Ñ¨DSC�ÎQC 5 & CEPKV)?"ÎE?KLOÎ � & 5 & ) : & ( ;��/<�á­ÎcDSC«]8YgCECEDSÓBRTA�ÎQY�CE?BY[Ô%ÎE?KLOÎ�H�A4ÑBV�A4]BÎ
ÏGY�N�ÐBA4Ò�A�XBA4N)L[ÎQA�V4L_C�AuC0Ô0?BA4X´ÐBDTÍ,&�� ( � Ü�HKÎE?BA�RSL_CkÎ�V4Y�XKÐBDeÎQDTY_X´LOÍ/Y�PBXgÎ)C�ÎEY:CEY�RSÕZDTXKÒ²L
Õ�A4NQÖ�CEDSÍ"]KRTA!CEÖ¨CkÎQA4Í DTX²ÎE?BA�PBXBØZXBY[Ô0X 5 & <_ájX³Ï·L�V�Î�H�Ô0?KA4X�� DSC@Ò�A�XBA4N)L[ÎQA�Ð"ÓZÖ�Y_XBA0Y�XKRTÖ
Õ�A�V�ÎEY_N��¡H¨ÎE?BA�X 5 & DWC0Ò_DTÕ_A4X�ÓgÖ²ÎE?BA6A��_P8L[ÎEDSY�X �

� & 5 & ) : & ( C : & =
&�� ( F w �

! & �"� (

ájX"Y_NQÐBA4N#ÎEY�CEY�RSÕ�A@ÎE?BA�LOÓ>Y[Õ�AcA��gPKL[ÎQDTY_X3H[DTÎ'DSC'CEP��²V�DSA4XgÎ�ÎQY�Y_ÓKCEA4NQÕ�A@ÎE?KLOÎ'DeÏ & �)� (#L�ÐBÍ"DTÎQC
L"CEY�RSP¨ÎQDTY_X 5 & ÎQ?BA4X �

& 5 & ( F C : & &�� (��
&�� ( F w )

& 5 & ( ^ C : & &�� (
	
&�� ( F w

! & �gÝ)(

5 Y[Ô6H>Ô@A�?8LIÕ�A 3kPKC�Î�ÎEY:Õ_A4NQDeÏGÖ�DTÏ 5 & Ò�DSÕ�A�X�ÓZÖ & �gÝ)(�CQL[ÎEDWC �KA�C�& �"� (�<>á­Ï'DeÎ6Ð¨YZA�C�ÎE?BA�X : &
DSC0Y_]¨ÎEDSÍ³LOR3L�XKÐ²ÎQ?BAMÏGPBXKÐKLOÍ/A4XgÎQL�R3Í³L[ÎQNEDTÑ:A4XgÎQNEDSA�C � & CEY�RSP¨ÎEDSY�X�Y�Ï & � (�LONQA�Ò_DTÕ_A4X�ÓZÖ �

� & C � & & 5 & (C�' 
 ( � & 5 & (+* & 5 & (¡Û ��& 5 & ( ' 
 � & 5 & (jß ! & �)� (

� ?BA4XBA�Õ�A�N : & Ó>A�XBYOÎ"Y�]¨ÎQDTÍ³LORyH�CkÎ)LOXKÐKLON)ÐãY�]¨ÎQDTÍ/D
��LOÎEDSY�XÚ]KNEY¨V�AuÐ¨PBNQA�C�CkÎ)LONEÎEDSXBÒ´ÏGNQY�Í
ÎE?BA�Õ[L�RTPBA!YOÏ 5 Ò_DTÕ_A4X/ÓZÖ & �ZÝ"(�V�LOX/Ó>A�A4Í/]BRSY[Ö�AuÐ�ÏGY_N«V�Y_Í/]BP¨ÎEDSXBÒ"6 & < Ì ?BDWC'DWC'A4Ñ¨]8AuV�ÎEAuÐ
ÎEY6]BNQA4Õ_A4XgÎ�ÎE?BA�L�V)?BDSA4Õ_A4Í/A4XgÎ'YOÏ�RSYZV�LORBÍ/DSXBDSÍ/LK<)�!Y[Ô@A�Õ�A4NuH[DSX"Y_PBN'A4ÑZ]>A4NQDSÍ"A�XgÎQC�ÔcA!Ð¨DWÐ
XBYOÎ�A4ÑZ]>A4NQDSA4XKV4AML�XZÖ:V4L_C�A�DTX�Ô0?BDWV)? : & DWC�CkÎQNEDWV�ÎQRTÖ:RTAuCECcÎQ?KLOX 6 & <
	�

��������� ájX Y_NQÐ¨A�N/ÎEYãLIÕ�Y_DSÐÚXZPBÍ/A4NQDSV�LOR0]BNQY�ÓBRSA4Í³C/Ð¨PBA�ÎQY×ÎEYZYãC�Í³L�RTR0Õ[LORSPBAuC/YOÏ
ÎE?BA´]8LON)LOÍ/A�ÎQA4N : DSX &·Þ�Þ (�H«ÎE?BA´]KNEY¨V�AuÐ¨PBNQA´Ð¨A�CQV�NQDSÓ8AuÐ%L�Ó8Y[Õ_A´V4L�X%Ó>A´DSÍ/]BRTA�Í/A4XgÎEAuÐ
NEA�]BRSL_V�DSXBÒ � DSX & �H^ (@ÓgÖ � 
 Ü�< Ì ?KDSC�V)?8LOXBÒ_A�Y�Ï#Õ[LONQDWLOÓBRSA�A�XKCEPBNEAuC :  Ü_<

 � � � �3ÆKË�� ��Ä«Å���	�Ä!È Æ����ZÉ��kÅ��
ájXÚÎQ?BDSC³CEA�V�ÎEDSY�X%Ô@A�]BNQA�CEA4XgÎ³C�Y_Í"A�NQA�CEPBRTÎQC"Y�Ó¨Î)LODSXBA�ÐÚÓZÖÚLO]B]KRTÖZDSXBÒ,Y_PBN/Í/A�ÎE?KYZÐ ÏGY_N
C�Y_RTÕZDSXBÒ:]BNQY�ÓKRTA�Í & �)(�< Ì ?KA�Ò_Y_LOR#DWC!ÎQYµDSXZÕ�AuCkÎQDTÒgL[ÎEA�DeÎ)C�]>A4NEÏGY�NQÍ³LOXKV4A�Ô0DTÎE?,NEAuC�]>A�V�Î�ÎQY



ÎE?BA²RSDSXBA�L�N�V�NQDeÎQA4NQDTY_X3< Ì Y�A�Õ[LORSPKL[ÎQA/ÎE?BA:L�RTÒ_Y�NQDeÎQ?BÍ�H¡Ô@A³Ò_A4XBA�NQLOÎEAuÐÁDSÍ³LOÒ�A²ÐKL[ÎQLµÏGNQY�Í
Ð¨D$��A4NQA4XgÎ!ÞkI ]>Y�DSX_Î!CEA�Î)C�LOX8ÐµÔ0DTÎE?´ÐBD$��A4NQA4XgÎ!V4L�Í/A4N)L�Í/Y�ÎEDSY�XKC�HBLOXKÐ�L�RSCEY³LO]B]BRSDSA�Ð�ÎE?KA
LORSÒ�Y�NQDTÎE?BÍ ÎQY³NEAuLOR�DTÍ³L�Ò�A6ÐBL[Î)L�ÏGNEY_Í CkÎ)LOXKÐKLON)Ð:CEA��gPBA4X8V�A�C�<¨ájX�Ó8Y�ÎE?�V4L_C�AuC4H¨ÔcA6CEV�LORSA�Ð
ÎE?BA6DSÍ³LOÒ�A6ÐBLOÎQL"DSX�Y_NQÐBA4NcÎEY³ÔcY�NQØ³Ô0DeÎQ?�XBY�NQÍ³LORSD���A�Ð:ÐKL[ÎQLK<
ájX�ÎE?BA�C�A��_PKA4RyHKÔcA�Ô0DSRTR�NEA4ÏGA4N�ÎQY³ÎE?KA�A�C�ÎEDSÍ³L[ÎQA�YOÏ�ÎQ?BA6ÏGPBXKÐKLOÍ/A4XgÎQL�R�Í³LOÎENQDeÑ�Ò�DSÕ�A�X�ÓZÖ
ÎE?BA0RSDTXKA�LON'V4NEDTÎEA�NEDSY�X"Ô0DTÎE? 9�� �[ÎEY�ÎQ?BA�A�C�ÎEDSÍ³L[ÎQA0]BNEY[ÕZDWÐ¨A�Ð�ÓZÖ�Y�PKN�Í"A4ÎE?BY¨Ð¡H"USY@O�a/W T�R@MPO"QS_KfQSR4a/W��,a����eR@T�Q�acUiT/MPW,QiT/M(Y@O8H8Ô0DTÎE? 9 � ��� �>L�XKÐ�ÎEY²ÎE?BA�A�C�ÎEDSÍ/LOÎEA�]BNEY[ÕZDWÐ¨A�Ð�ÓZÖµÎE?BA"Ð¨DWCkÎ)LOXKV4AÎEY³A4]KDT]>Y�RWLON�RSDTXBAuC�V�NQDTÎEA4NQDSY�X:Ô0DTÎE? 9
	MÔ0?BA�X�DTXBDTÎEDWLORSD
�4A�Ð�ÓZÖ`9���LOXKÐµÔ0DeÎQ?��9
	�Ô0?BA4X�DSXBDeâ
ÎEDWLORSD���A�Ð�ÓZÖ`9 � ��� < Ì ?BA6LORSÒ�Y_NEDTÎE?KÍ Ô@AMPKCEA�ÎEY²V4Y�Í/]BP¨ÎQA 9 � ��� DWC�C�PKÍ"Í³L�NED
�4AuÐ²Ó>A4RSY[Ô6<������� ������� ��� � ��� � � �
!�����" � 9 � ���
Ü_<�;�DTÕ_A4X+ÎE?BA³]>Y�DSXgÎ�V�Y_NENQA�CE]8Y_XKÐ¨A�XKV�AuC . A# ) . #�H¡ÏGY�NQÍ ÎE?KA³]8Y_RTÖZXBY_Í"DWLORWC � & 5 (LOXKÐ � & 5 (0L�C0CE?BY[Ô0X3HZNQA�CE]8AuV�ÎEDSÕ�A�RTÖ_H¨DTX & ���)(cL�XKÐ & ��� (�<
�B< � PKDTRWÐ�L"CEÖZÍ/Í"A4ÎENQDSVMÍ³LOÎENQDeÑ²ÏGPKXKV�ÎQDTY_X 	%& : (0CQL[ÎQDSC�ÏGÖZDTXKÒ &sÞ"� (�<
ÞK< 
ZY�RSÕ�A�ÎE?KA�C�A��_PKA4XKV4A�Y�Ï�� � á«]KNEY_ÓBRTA�Í³C�& � �)(�<
�8<0\0A�ÎQNEDSA4Õ_A 5 & L_C0C�?BY[Ô0X�DSX & �gÝ)(@L�XKÐ�V)?BA�V)Ø/ÏGY_N�DTÎQC�Y�]BÎEDSÍ/L�RTDTÎkÖ�<
ÝB<0\0A�ÎQNEDSA4Õ_A � & L�C�C�?KY[Ô0XµDSX & �)� (cLOXKÐµÏGY�NQÍ 9 � ���I<

��DSN)CkÎuH[Ô@A0NQA4]>Y�NEÎ�ÎQ?BA0NQA�CEPBReÎ)C�Y�Ó¨Î)LODSXBA�Ð�Ô0DTÎE?³C�ÖZXgÎE?KA�ÎEDWV0ÐBLOÎQLB< Ì ?KAc]>Y�DSXgÎQC�DSX/Þ�IàCE]KL�V4A
?KLIÕ�A�Ó>A4A4X/Ò_A4XBA�NQLOÎEA�Ð�N)LOXKÐ¨Y_Í/RTÖ�DSXKCEDSÐBA�L6V�PBÓ>A0YOÏ¡C�D
�4A'� ��V4Í LOXKÐ"RSY¨V4L[ÎQA�Ðc^"�_V�Í ÏGNQY�Í
ÎE?BA³V4L�Í/A4N)L:V�A�XgÎENQA�< Ì ?BA"ÏGYZV�LOR#RTA�XBÒOÎQ?,DWC"Ü��)�"�³]BDTÑ¨A4RWC4< Ì ?BA �KN)C�Î�DSÍ³LOÒ�A�DSC�Y_Ó¨ÎQL�DTXBAuÐ
ÓgÖ�]BNQYH3kAuV�ÎQDTXBÒ²ÎE?BAuC�A�]8Y_DTXgÎQC�Y_X_ÎQY:L �KÑZAuÐ�]BRWLOXBA_< Ì ?KA�ÎEN)LOX8C�RWL[ÎQDTY_X�Õ�A�V�ÎEY_N$#!L�XKÐ�ÎE?KA
NEY�ÎQL[ÎQDTY_XKLOR�Í³L[ÎQNEDTÑ�% L�NEA�ÎQ?BA4X�Ò�A�XBA4N)L[ÎQA�Ð:NQL�XKÐ¨Y�Í/RSÖ�HZY�ÓBÎQLODSXBDSXBÒ"ÎE?BA6]KNEY�3kA�V�ÎQDTY_XµÍ³LOâ
ÎENQDeÑ�* Y�Ï¡ÎE?BAMC�AuV�Y_XKÐ²V4L�Í/A4N)L�LOXKÐ3H�ÏGNQY�Í ÎQ?BDSC�HgÎE?BA�C�AuV�Y_XKÐ³DSÍ/L�Ò�A�YOÏ3ÎQ?BA!]>Y�DSXgÎQC�< Ì ?KA
V4LOÍ/A�NQL´V�LORSDTÓKNQLOÎEDSY�X×Í³L[ÎENQDTÑ×DWC6ÎQ?BA�CEL�Í"A:DTXÚL�RTR@ÎE?KA:A�Ñ¨]>A4NQDTÍ/A�X_Î)C4<#ájXÙY_NQÐ¨A�N6ÎEY,PKCEA
V�Y�NQNQPB]¨ÎEAuÐ�ÐBL[Î)LBH�;MLOPKCQC�DWLOX�XKY�DWC�A�?8L�C�Ó>A4A�XÁL�ÐKÐ¨A�Ð�ÎQY³ÎE?KA�DSÍ³LOÒ�A�]8Y_DTXgÎ�V4YgY_NQÐBDTXKLOÎEAuC
&GDSX�ÎE?BAMÏGY_RTRSY[Ô0DTXKÒ"A4Ñ¨]8A�NEDSÍ/A4XgÎQC0ÔcA6NQA�ÏGA4N�ÎQY³DTÍ³L�Ò�AMXBY�DWCEA�L�CcÎE?KA�CkÎ)LOXKÐBL�NQÐ�Ð¨A�ÕZDSLOÎEDSY�X
YOÏcÎE?BA²XKY�NQÍ/L�R'Ð¨DWCkÎQNEDSÓBP¨ÎQDTY_X+(�< Ì ?BA�CEA³A�Ñ¨]>A4NQDTÍ/A4XgÎ)C6?KLIÕ�A/Ó>A4A�X+NQA4]>A�LOÎEAuÐ �KÏxÎkÖÁÎQDTÍ/A�C
LOXKÐ�ÎQ?BA"Í"AuLOX´Õ[L�RTPBAuC�V4Y�Í/]BP¨ÎQA�Ð¡< Ì ?BA�Ô@A�DTÒ_?gÎEDSXBÒµV4YgA��²V�DSA4XgÎQC

x
#«DSX & �)(0?8LIÕ�A�Ó>A4A�X

C�A4Î0ÎEY�Ü�<
ájXµÎQ?BA �KN)CkÎ0A4ÑZ]>A4NQDSÍ"A�XgÎ�HBL/V�Y_Í"]8LONQDSCEY�XµYOÏ�ÎQ?BA6Í/A�L�X�L�RTÒ_A4ÓBN)LODWV!A�NENQY�N'&�(�ÐBA �KXBAuÐ�L�C �

&)( C Ü� �[
#]\ F

& . A# � 9 . # ( ^ & � �"(

ÏGY�N�ÎQ?BA�RSDTXBAuLON«V4NEDTÎEA�NEDSY�X,&G9*� ('LOXKÐ�ÎE?KA!V�Y_XKCkÎQNQL�DTXKA�Ð"RTAuL�C�Î�âjC��gPKL�NEAuC�V�NQDeÎQA4NQDTY_X &G9 � ����(�?KL_CÓ8A�A4X�]8A�N�ÏGY_NEÍ/AuÐ¡< Ì ?BA6Ò_Y_LOR�DWC�ÎEY³CE?BY[ÔàÎQ?KL[Î�DSÍ/]8YgC�DSXBÒ/ÎQ?BA6NQL�XBØ:V4Y�XKC�ÎEN)LODSXgÎ0L"]BNQDSY�NQD
Ò�DSÕ�A�CcÕ_A4NQÖ²Ð¨D$��A4NQA4XgÎ0NQA�CEPBReÎ)CcÔ0DeÎQ?µNQA�CE]8AuV�Î�ÎEY³CEA�ÎEÎEDSXBÒ"ÎE?BA6CEÍ/L�RTRSA�C�Î�C�DSXBÒ_PBRSL�N@Õ[L�RTPBA�ÎQY
�4A4NQYK<��#DTÒ_PBNQA ��C�?KY[Ô�C�ÎQ?BAcÓ8A�?KLIÕZDTY_PBN�YOÏBÎQ?BA�RTY_Ò_LONQDTÎE?BÍ½YOÏ�& ( ÏGY�N#ÎE?KA«ÎkÔcY�Í/A4ÎE?BY¨ÐBC�<[ájX
ÎE?BAcC�AuV�Y�X8Ð�A4Ñ¨]8A�NEDSÍ/A4XgÎ�ÔcA«V�Y_XKC�DWÐ¨A�N¡ÎE?BA«]BNEY_]8A�N�ÎQDTAuC3Y�ÏZAuCkÎQDTÍ³LOÎEA�ÐMA�]BDS]8Y_RSL�N3Ò�A�Y�Í/A�ÎQNEÖ_<

Z]8AuV�D��8V4L�RTRSÖ�HKÔ@A6V�Y_Í/]KLONQA!ÎQ?BA6Í/A�L�X�Ò_A4Y_Í"A4ÎENQDSV�A4NQNQY�N+&-,�Ð¨A �8XBA�Ð�L�C �
&-, C .//0 Ü� � �[

#f\ F21 Ü
&(9 � . A# ( ^ F y &(9 � . A# ( ^^ y

Ü
&(9 . # ( ^ F y &G9 . # ( ^^43 & . A# � 9 . # ( ^ & �k^ (



0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
−6

−5

−4

−3

−2

−1

0

1

2

3

image noise (pixels)

lo
ga

rit
hm

ic
 a

lg
eb

ra
ic

 e
rr

or

����� ¦��K¦�� putIf�hkb�ik§gl6bmª�f4vet�n)�_h�f4bmª�nQhjhkp�h��xvep�t `�� �	��

����zSp�h³vmbmogn)f4h��Gq_f�~j§gn)q���f4oZqãª)p�og~­ijh�f�bmo_n�qvmn�f4~­ij�·~k¹O�gf4hkn)~«ªQhkb�iknQhkbmpuo��x~jpuvmbeq��E°

ÎE?KLOÎ�DWCcÎE?KA6Í"AuLOXµÒ�A4Y_Í/A�ÎENQDWV�Ð¨DWC�ÎQLOX8V�AMÓ8A4ÎkÔ@A�A4X�]8Y_DTXgÎ)C0LOXKÐ�V�Y_NENQA�CE]8Y_XKÐ¨DSXBÒ�A�]BDS]8Y_RSL�N
RTDSXBA�C�< �#DSÒ�PBNQA²Þ�CE?BY[Ô�C�ÎE?BA:Ó8A�?KLIÕZDTY_PBN�YOÏcÎE?KA²RTY_Ò_L�NEDTÎE?BÍ YOÏ+& , ÏGY�N�RTDSXBA�L�N�LOX8ÐãV�Y�XBâ
CkÎQNQL�DTXBAuÐ�RSA�L�C�Î�âjC��_P8LONQA�C�V4NEDTÎEA�NEDSY�X3<�J!C�ÔcA�V�LOXÁCEA4A_H8ÎQ?BA"A4NQNEY_N & , L�V)?BDSA4Õ_A�Ð�ÓZÖ 9 � ����DSCV�RSA�LONQRSÖ�RSA�CQC�ÎQ?KLOX³ÎQ?BA!Y_XBA�L_V)?BDSA4Õ�AuÐ"ÓgÖL9��¡ÏGY�NcLORSRKDSÍ³LOÒ�A!XBY�DWC�AuC«V4Y�XKCEDSÐBA4NQA�Ð¡< 5 Y[Ô6HgRTA4Î

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
−0.4

−0.2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

image noise (pixels)

lo
ga

rit
hm

ic
 g

eo
m

et
ric

 e
rr

or

����� ¦��K¦�� p�tIf4hkb�ik§_l6beª³t�n)pul6nEijhkbeª²nQhjhkp4h��xvep�t `�� �	��������zSp�h�vmbeo_n�f4h��Gqgf4~j§gn�q��Mf�ogq,ª)p�og~­ijh�f�bmo_n�qvmn�f4~­ij�·~k¹O�gf4hkn)~«ªQhkb�iknQhkbmpuo��x~jpuvmbeq��E°

PKC«CEA4A�ÎQ?BA�NQA�CEPBReÎ)C�Y�ÓBÎQLODSXBAuÐ/Ô0DeÎQ?³NEAuLORKÐBLOÎQLK<"�#DTÒ_PBNEA'��CE?BY[Ô�C�ÎkÔcYMÎkÖZ]BDWV4LORKÕgDSA4Ô�C'PKC�AuÐ
ÎEY"A�C�ÎEDSÍ/LOÎEA�ÎE?KA!ÏGPBX8ÐBLOÍ/A4XgÎ)LOR¡Í³L[ÎQNEDTÑ¡< Ì ?KA!ÏGY_N�ÎkÖ³]>Y�DSXgÎ�V4Y�NQNEAuC�]>Y�XKÐBA4XKV4A�C«L�NEA�ÏGY�PKXKÐ
ÓgÖ�L³C�ÎQLOX8ÐBLON)Ð�V�Y�NQXBA�N'�KXKÐ¨A�N�< Ì L�ÓBRSA²Ü�C�?KY[Ô�C�ÎE?BA�Ò�A�Y�Í/A�ÎQNEDWVMA4NQNEY_N & , Ò�DSÕ�A�X�ÓgÖ�RSDTX¨â
A�LONcLOXKÐ³V4Y�XKC�ÎEN)LODSXBAuÐ/RTAuL�C�Î�âjC��gPKL�NEAuC�V�NQDeÎQA4NQDTY_X3H_L�XKÐ/ÓZÖ�ÎQ?BA�Ð¨DWC�ÎQLOX8V�A�ÎQY�A4]KDT]>Y�RWLON@RTDSXBA�C
V�NQDeÎQA4NQDTY_XÁDSXBDeÎQDSL�RTD
�4AuÐÁÓZÖ 9 � &(9 	 (�L�XKÐÁÓZÖ 9 � ��� & �9 	 (�<3J!CMÔcA³V4L�X,CEA4A�H�ÎQ?BA/Ò�A�Y�Í/A�ÎQNEDWVA4NQNEY_N�L_V)?BDSA4Õ�AuÐ²ÓZÖ`9 � ��� DSC0V4RTAuLONQRTÖ:RTAuCECcÎQ?KLOX�ÎE?KA6Y�XBA6L�V)?KDTA�Õ�A�Ð:ÓZÖ�9 � <Ì L�ÓBRTA �³CE?BY[Ô�C0ÎQ?BA�Ò_A4Y�Í/A4ÎENQDSV6A�NENQY�N!Y�Ó¨Î)LODSXBA�Ð�ÏGY_N�ÎQ?BA�ÕZDSA4Ô�C!YOÏ#�KÒ_PBNEA"Ý¨< ��A4NQA�H8ÎE?KA



����� ¦��>¦ � bmo_t_w ~M�#p�vmvenQtun/~jn�¹[�_n)ogª)n �xn)d_bmd¨puvmn)~�p��_ik~jbeq_n6ik§_n�bml�f4tun �E° � §_n�n)dgbmd¨puvef�hMvmbmogn)~�f4hkn
t�bm}In)o/�[������ f4zTiknQhcp�d_ikbml6bm{�f4ikbmp�o/�g~jbmogt ���	��
 ~jpuvm�_ikbmpuo²f4~�ik§gn�~­i�f�hjikbeo_t6d¨pubmo[i�°

��hkb�iknQhkbmpuo ¸cn)pul6nEijhkbeª0nEhjhkp�h � �
��� �u° 
����
������
 ��° �I��
��
��� ��° �I�4�u�
�� � ��° �I�4�u�

� ¤g����� 	Z¦ ¸cn)pul6nEijhkbeª0nEhjhkp�h � � p��_i�f4beo_n�q�©'b�ik§"ik§_n�bml�f�tun0~jn)¹O�_n)ogªQn0p�z�¾gtu�_hkn���°

]8Y_DTXgÎ�V�Y_NENQA�CE]>Y�XKÐ¨A�XKV�AuCMPKCEA�Ð×LONQA*�)�Z<�J�Ò_L�DTX�Hv9 � ��� L_V)?BDSA4Õ�AuCML�C�DSÒ�XBD��8V�LOXgÎ�DTÍ/]BNQY[Õ�A4âÍ"A�XgÎ�Ô0DeÎQ?�NQA�CE]>A�V�Î�ÎQY 9 � <
�#DTXKL�RTRSÖ�H�ÎQL�ÓBRSAcÞ�LOXKÐ�ÎQLOÓKRTA ��CE?BY[Ô×ÎE?BAcÒ�A�Y�Í/A�ÎQNEDWV�A�NENQY�N�Y�Ó¨Î)LODSXBA�ÐMÏGY_N�ÎQ?BAcÔ@A�RTRZØZXBY[Ô0X

��hkb�iknQhkbmpuo ¸cn)pul6nEijhkbeª0nEhjhkp�h � �
��� �u° �u���
������
 ��° ���u�u�
��� ��° �����u�
�� � ��° �����u�

� ¤g�������K¦ ¸cn)pul6nEijhkbeª0nEhjhkp�h'zWp4h@ik§_n�bml�f�tun0~jn)¹O�_n)ogªQn�p�z¡¾gtu�_hkn0�O°

A�ÑBLOÍ/]BRSA�C�PKCEA�Ð,DTX�Û �[ß'LOXKÐ+CE?BY[Ô0XÁDSX �8Ò�PBNQA�C���LOXKÐ �Z< Ì ?BA/]8Y_DTXgÎ�V�Y_NENQA�CE]>Y�XKÐ¨A�XKV�AuC
PKC�AuÐ:L�NEA�Ü��"�6ÏGY�NcÎE?BA �KN)CkÎ�A�ÑBL�Í"]KRTA�LOXKÐÁÜ��H^�ÏGY�N@ÎE?BAMCEA�V�Y_XKÐ²Y_XBA�< ��ÓKCEA4NQÕ�A0ÎQ?KL[Î�ÎQ?BDSC
ÎEDSÍ"A_H8XKYOÎ!Y_XBRTÖ�Ð¨YZA�C 9 � ���6L�V)?BDSA4Õ_A�L²CEÍ/L�RTRSA4N!Ò�A4Y_Í/A�ÎENQDWVMA4NQNEY_N0ÎE?KL�X 9*��H8ÓBPBÎ�LORWCEY �9
	]BNEY¨Ð¨P8V�A�C0L"Ó>A�ÎEÎEA4N!NEAuC�PBRTÎ0ÎE?8LOX 9 	 HBDSXKÐ¨DWV4LOÎEDSXBÒ"ÎE?BA6]KNEAuC�A�XKV�AMYOÏ�Ð¨D��>A�NEA�XgÎ�RTY¨V4L�R¡Í/DTX¨â
DTÍ³LB< � Y�NQA4Y[Õ_A4NuH¨DTX´ÎE?BA"V4LORSDSÓBNQLOÎEDSY�Xc3kDSÒ²A�ÑBLOÍ/]BRSA�HB9 � ��� ]BNQY[ÕgDWÐ¨AuC0Ó8A4Î�ÎQA4N�NEAuC�PBRTÎQC�A4Õ�A�XÎE?KL�X 9 	 <



����� ¦��K¦ ��f�l��_hkbeq_t�n�~­ijhkn)nQi«~jn�¹[�gnQogª)n �xnQdgbmd¨puvmn)~«bmo"ik§gn�bml�f4tun �E°
��hkb�iknQhkbmpuo ¸cn)pul6nEijhkbeª0nEhjhkp�h � �
��� ��° �[�4�u�
������
 ��° ���u�u�
��� ��°m��
����
���� ��°m����� 


� ¤g��� ���B¦ ¸cnQpul6nQijhkbmª�nQhjhkp4h@zSp�h'ik§gn0}ObmnQ©'~'p�z>¾Ztu��hkn���°

J!CMÔcA/V�LOX×C�A�A�ÏGNQY�Í ÎE?BA³NQA�CEPBRTÎQC�H�ÎE?BA³CEY�RSP¨ÎEDSY�X+]BNQY[ÕgDWÐ¨AuÐ´ÓZÖ´Y�PKN�Í/A4ÎE?BY¨Ð+Ò�DSÕ�AuC
C�Í³LORSRSA4N�LORSÒ�A�ÓBN)LODWV�L�XKÐ�Ò�A4Y_Í/A�ÎENQDWV!A�NENQY�N)CcÔ0DeÎQ?�NQA�CE]>A�V�Î0ÎQY"ÎE?BA�RSDSXBA�L�N�V�NQDeÎQA4NQDTY_X3HZÔ0DeÎQ?
Ó8Y�ÎE?´CEÖgXgÎQ?BA�ÎQDSV6L�XKÐ�NEAuLOR3ÐBLOÎQLK< � Y�NQA4Y[Õ_A4NuHZDTXBDTÎEDWLORSD
�4DSXBÒ³XBY�XBâyRSDTXKA�LON�V�NQDeÎQA4NQDSL"Ô0DTÎE?�Y�PKN
C�Y_RTP¨ÎQDTY_X�L�RTRSY[Ô�C#PKC#ÎEYML�V)?BDSA4Õ_A@Í/Y_NEA�L�V�V�PBN)L[ÎQA«A�C�ÎEDSÍ³L[ÎQA�C�YOÏKÎE?BA�ÏGPBX8ÐBLOÍ/A4XgÎ)LORZÍ³L[ÎENQDTÑ�<

� �,Ç@Ä!Ê���É �ZËkÇ«Ä �
ájXµÎQ?BDWC0]KLO]>A4NuHBÔcAM?KLIÕ�AM]BNQY�]>Y_CEA�Ð�L"XBA4Ô Í/A�ÎE?KYZÐ�ÏGY_N�ÎE?BA6AuCkÎQDTÍ³LOÎEDSY�X�YOÏ#ÎE?BAMÏGPKXKÐBL[â
Í"A�XgÎQLOR8Í³L[ÎENQDTÑ�<�á­Î@V�Y_XKC�DWC�ÎQC�Y�Ï>Í/DSXBDTÍ/D
�4DSXBÒ6ÎQ?BA!CQLOÍ/A!LORSÒ�A�ÓBN)LODWV«A�NENQY�N'L_C�ÎE?KLOÎ«PKCEA�Ð/DSX
ÎE?BA/RSDTXBAuLON6V�NQDTÎEA4NQDSY�X3H�ÓBP¨ÎMÎ)LOØZDTXKÒ�DSXgÎEY�L�V�V�Y�PKX_ÎMA�Ñ¨]BRSDWV�DTÎERSÖ�ÎE?BA/N)LOXBØ´V4Y�XKC�ÎEN)LODSXgÎ�< � A
?KLIÕ�A"C�?BY[Ô0X,?BY[Ô ÎQ?BA/NEAuC�PBRTÎEDSXBÒ�V�Y_XKCkÎQNQL�DTXKA�Ð�RSA�L_CkÎEâ­C��gPKLONQA�C!]BNEY_ÓBRSA4Í V4L�XÁÓ>A³C�Y_RTÕ_A�Ð
PKC�DSXBÒ�NEAuV�A4XgÎQRTÖ/Ð¨A4Õ_A4RSY�]>A�Ð²V4Y�XZÕ�A4Ñ¨D$�8V�L[ÎQDTY_X�ÎQA�V)?BXKD
�gPBAuC4< ��PBNcA�Ñ¨]8A�NEDSÍ/A4XgÎQC@C�?KY[Ô�ÎE?KLOÎ
ÎE?BDWC�Í/A�ÎE?KYZÐ:]BNQY[ÕgDWÐ¨AuC@L�Í/Y�NQA�L_V4V�PKNQLOÎEA!AuCkÎQDTÍ³LOÎEA�YOÏ3ÎQ?BA�ÏGPBXKÐBL�Í"A�XgÎQLOR�Í³L[ÎQNEDTÑ:V�Y_Í"â
]KLONQA�Ð´ÎEYµÎE?KLOÎ�Ò_DTÕ_A4XÁÓZÖ�ÎQ?BA�RSDSXBA�L�NMV4NEDTÎEA�NEDSY�XÁDTXÁÎEA4NQÍ³C�YOÏ@A�]BDS]8Y_RSL�N�Ò_A4Y�Í/A4ÎENQÖ�< Ì ?BDSC
C�PBÒ_Ò�AuCkÎ)C�ÎQ?KL[ÎMY�PBNMAuCkÎQDTÍ³L[ÎQDTY_XÁ]BNQY¨V�AuÐ¨PBNQA�V4L�XÁÓ>A�P8C�AuÐ´ÎQYµDSXBDTÎEDWLORSD���A�Í/Y�NQA�V4Y�Í/]BRSA�Ñ
XBY�X¨âjV�Y_XZÕ�A�Ñ²V4NEDTÎEA�NEDWL�Í/DSXBDSÍ"D
�4DSXBÒ"ÎE?KA6Ò�A4Y_Í/A�ÎENQDWV�Ð¨DWC�ÎQLOX8V�AMDTX�Y�N)Ð¨A�N@ÎQY/Y�Ó¨Î)LODSXµÓ>A�ÎEÎEA4N
NEAuC�PBRTÎQC�<

� Ê��0Ä�Ç	� � ��È�� � ��Ä@Å��
� A�ÔcY�PBRWÐãRSDTØ_A:ÎQYÁÎQ?KLOXBØ J�RSÓ8A�N�ÎQY Ì A�CEDcÏGY�N/?BDWC�P8C�A4ÏGPBR�?BDTXgÎ)C/Y�XÙÎQ?BA�Y�]¨ÎQDTÍ/D
��L[ÎQDTY_X
C�AuV�ÎEDSY�X³L�XKÐ³\0DWV)?KLON)Ð���LONEÎERSA4Ö�ÏGY�N']BNQY[ÕZDSÐBDTXBÒ�ÎQ?BA�DSÍ/L�Ò�A�CEA��gPBA�XKV�AuC'LOXKÐ/ÐBLOÎQLM?BA!PKC�AuÐ



����� ¦��B¦ »@®OzSp�h�q��gf�~jn)l6nQoOi'~jn)¹O�_n)ogªQn �xn)dgbmd¨p�venQ~@bmo�ik§_n0bml�f�tun��E°
��hkb�iknQhkbmpuo ¸cn)pul6nEijhkbeª0nEhjhkp�h ���
��� ��° �I���u�
������
 ��°m� � ���
��� ��°m� � �I�
�� � ��°m� � ���

� ¤g��� � �8¦ ¸cnQpul6nQijhkbmª�nQhjhkp4h@zSp�h'ik§gn0}ObmnQ©'~'p�z>¾Ztu��hkn 
O°

DTX½Û �Oßy< � A´LONQAµL�RSCEY,Ò_NQLOÎEA4ÏGPBRcÎEY,ÎE?BA�LOXKY�XZÖZÍ"Y_PKC"NEA4ÏGA4NQA4AuC�Y�Ï!ÎE?KDSC/]KL�]8A�N"ÏGY�N"ÎE?BA�DTN
PKC�A4ÏGPBR�V4Y�Í/Í/A4XgÎQC�<

� ���*��Æ���Ä!Ê"�p�
��°��¨°K�#p��gqB� � °K�3v�¸c§Zf4pu�_bG�K��°K¼gnQhkp�o8�Kf4oZq � °B�#f�vef�±[hkbm~j§gogf�o����
	���
�������������	�������
���� �"! 	���	#
%$
	��'&)(�$*�+
%,-���/.'0�1��)���21"!43�5)
�1���(4°B��ryÀ76µ�_�3§gbmvefuq_nQved_§gbef �G��n)o_o8° �E�8� � � �_°
�[°�¸�°��#§gn)~jbx�'À�° � nQ~jbG��À!° � bmª)bmogp��'f�ogq+�!°�¸cn)o_n)~jbmp �'À ªQpuoO}InQ®+f�d_d_hkpIf4ªE§×ikp�f�ª)vef�~j~"p4z
l6bmogbml��_l ogp�hkl d_hkp��gvmn)l6~)°�891;:��<$*����
%$*$=	��>��.?
%�)��	 @4A*����	B1��C���/.�0�1��)����1�! �8dgf�t�n)~0�I���ED[� 
u�[�
À!°g¸�f4hk�_vmvebx�BÀ�° � n)~jbx�¨À�° � bmª)bmogp_�Z��q�~)°m�¨�Od_hkbmogt�nQhj� � nQhkvef4t_� � puogq_p�o�� |c� �E�B� � � �O°
�O°�¸�°g�#§gnQ~jbG�gÀ!° � n)~jbx�gÀ�° � bmª)bmogp��_f�oZq���°_¸cn)ogn)~jbmpF�¨»co�ª)puoO}InE®_b�¾gª�f4ikbmpuo�p�z>~jpul6n@l6beo_bml��gl
q_bm~­i�f�o_ª)n"d�hkpu�_venQl6~)°�G9�21HAEI7J��K5MLN�<��1%O 
����P0�1�� ����1"!Q0�1��SRH
%�*
%�TA�
E� � f�hkvm~­hk�g§gn��·¸cnQhkl�f�o[���E�
� � � ��°

��°���°�a�nQhkbmª�§gnu����°4�¨§Zf4ogt_�EU�° � � ° � �gpuo_t_��f4oZq!»�°�¼Zf4�gt�nQh�f�~S�4�«pu�g�_~­i8hknQª)p�}InQhj�0p4z_ik§_n�n)d_bmd¨puvef4h
tun)p�l6nQijhj��zWp4h#f4oM�go_ª�f�vmbm�_h�f�ikn�q�~­iknQhknQpchkbmt_°<GN��1HAEI/V"�2.7LN�F�21%O 
����W0�1��HRH
%��
%�/A�
71��>0�1�,XOT�<�+
%�
Y 	K$�	�1��g�Z�Oikp[ª�±O§gpuvml �·�[©�n�q�n)o �E�B� � ����°
�[°�»�°�¼Zf4�gt�nQh�f�~S��Zã§Zf�i6ª�f4o,�¨n�~jn)n)oÁbeo´ik§_hknQn/q_bml6n)o_~jbmpuog~�©'bmik§+f�oÁ�go_ª�f�vmbm�_h�f�ikn�qÁ~­iknEhkn)p
hkbmt?[\G9�21HAEI^];�/._LN�<��1%O 
����`0�1��SRH
%�*
%�TA�
\1��a0�1�,bOT�<�+
%� Y 	�$*	B1��_�'dZf4tun)~µ�����EDO��
��O�!�_f4o[i�f
6/f4hkt�§gnQhkb�i�f � bmt��_hkn �xrsi�f4v����E�K� � �I�[°
�O°�»�°3¼gf��gt�nQh�f�~S��3�5?�*
*
�c�d7	�,�
%� $*	B1��/��!b0�1�,bO)�F�+
%� Y 	�$*	B1���egfihj
�1�,�
%����	BA Y 	#
%k�OF1�	�� �x°�6"r �
�3hknQ~j~)�B��f�l��_hkbeq_t�n �#6/f�~j~)° �E��� � ����°


[°���° º f�hjikvenE�l���3~­ikbml�f4ikbmpuo�p�zKhkn)vef4ikbm}In�ª)f�l6nQh�f�d¨pu~jb�ikbmpuo_~'zSp�h��_ogª�f4vmbe��h�f4ikn�q�ª�f�l6nEh�f�~)° GN��1HAEI
];�/.WLN�<��1%O 
����m0�1��HRS
%�*
%�/A�
M1��P0�1�,bOT�<�+
%� Y 	�$*	B1��_�#dgf�tunQ~/��
 �EDO����
O�@�_f4o[i�fC6/f4hkt�§gnQhkb�i�f
� bmtu��hkn �xrsi�f4vm���E�K� � �I�O°



����� ¦��B¦ ��f4vebm��h�f4ikbmpuo���bet�~jn�¹[�gn)o_ª)n �xnQdgbmd¨puvmn)~�p��_ik~jbeq_n«ik§gncbml�f4tun �E° � §_n�l�f4ikª�§gn�qMd¨p�bmoOik~�f4hkn
vmp[ª�f4vmbe{Qn�q²f�ª)ª)��h�f4ikn)v��[°

�O°���° º f4hjikvmnQ���grso³q_nEzWn)o_ª)n�p�z¡ik§gn ���·d¨pubmo[i�f4vet�p�hkb�ik§gl �/G9�21HAEI���� �+
%�%�T����	B1��T�"!N0�1��SRH
%�*
%�TA%
=1��
0�1�,bO)�F�+
%� Y 	�$*	B1��_�_dgf�t�n)~!�)�u� ��DZ�)� 
4���¡� � �I�[°

�O°���° º f�hjikvmnQ���l6"bmogbml6bm{)bmogt�f�vmtunQ�_h�f�bmªMnEhjhkp�h�bmo²tunQpul6nQijhkbmª!n)~­ikbml�f4ikbmpuo²d_hkp��gvmn)l/°/G9�21HAEI����K5
���)�+
%���/����	�1��/�"!l0�1��HRS
%�*
%�/A�
j1��'0�1�,bO)�F�+
%� Y 	�$*	B1��_��dZf4tun)~��u� �ED � 
4���O�#p�l��gf�� �xryoZq�bef �E�[� � ���O°
�)��° � ° � f�ogf4i�f�o_b���hj
�1�, 
%���%	BA�A*1�,XOT�<�#����	B1���R�1�� , �;A�5<	K��
��H	�$*	B1��g°�»@®OzWp4h�q | o_be}unQhkbm~­iy���3hkn)~j~)�
»@®OzWp�h�q�� |c� �E�B� � �I�[°
���u°0a�° � �gn)oO�¨nQhkt�nQhH�T� 	��/
*��� ���/.	��1��T! 	��/
*���XG9�21�
�����,^, 	���
�°¨Àcq_q_bm~jpuo��BZ�n)~jvmnQ�[� | ��À!�B� ������°
���O° U�° � � ° � �_puogt"f�ogq�»�°8¼Zf��_tunQh�f4~S� � §_n�zW�_oZqgf4l6n)o[i�f�v¡l�f�ijhkbm®��Bik§gnQp�hj�[�Kf�vmt�p�hkb�ik§gl6~)�>f�ogq
~­i�f��_bevmb�iy��f4oZf4vm��~jbm~)°�3�5)
j���)�+
%���/����	�1��/�"!�
<1��<���/�"!l12R^0�1�,bOT�<�+
%� Y 	�$*	B1��_�¨��
 �­���%� �I�ED 
��O�>� � �u�O°
�)��° U�° � � ° � �_puogt�f�ogq×»�°�¼Zf4�gtunEh�f�~S�'��f4l6nQh�fµª)f�vmbm�_h�f4ikbmp�o8��~jªQn)ogn/l6p4ikbmpuo×f4oZq´~­ijhk�gªQik��hkn
hkn)ª)p�}InQhj�:zShkp�l d¨p�bmoOi�ª)p4hjhkn)~jd¨puogq_n)o_ª)n)~Mf4oZq�zS�goZq_f�l6n)o[i�f4v�l�f�ijhkbeªQn)~)°73�5)
=���)�+
%���/����	B1��/�"!

<1��<�%�T�"! 1 R 0�1�,bOT�<�+
%� Y 	K$�	�1��g�Z�u� �G� �%� ���O�%D�� � �O��� � ��
O°
� �_°!�¨°96/f)���Zf4og±/�#�3hkp�d¨nQhjikbmn)~"p4z�n)~j~jn)o[ikbef�v�l�f�ijhkbeªQn)~)° ��� �+
%�%�T����	B1��T�"!�
<1��<���/�"!b12R ��, ��
�	K��

&)(�$*�+
%, $ ���T.W3�
�A�5<�T1"! 1�
�(4�B�<� ���u�ED[��� �_�3� � �u��°
���O°���°T6"n)oZq�puo_ª�fMf�ogq"��°¨�#bmd¨puvmvefF�¨À%~jbml6dgvmn�ikn)ª�§gbmogbe¹[�gnczSp�h@~jn)v�zS�·ª�f4vebm��h�f4ikbmpuoK°�G9�21HAEI��2L�LgL
0�1��HRS
%�*
%�/A�
 1�� 0�1�,bOT�<�+
%� Y 	�$*	B1��=���/. G �����+
%��� 8j
�A*1�
��)	���	�1��g�4dZf4tun)~������ED��4�I�[�I¼gp4hji3�#p�vevmbmog~
�·�#puvmp�h�f�q_p �E��� � � ��°
�)��°���°��cn)~­iknEhkp4}´f4oZqÁÀ!°��@n)l6b�hkp4}O~j±[������� �+
%�%	B1�� Gj1�	��)�XG 1"! (��/1�,^	B�"!g�M
%�K5 1H.�$ 	�� 0�1�����
��
G9�21�
�����,^, 	���
?e 3�5 
*1��%( ���T.=f4O;O/! 	BA*����	�1��)$k°Z��r­Àb6µ�Z�3§gbmvefuq�n)vmdg§_bTf �G��n)ogoK° �E�K� � �u�O°
� 
O°���° � p4hjhµf�oZqÙa�°b6"�_hjh�f)��� � §gn�q_n)}InQvep�dgl6n)o[i/f�oZqÚª)pul6dgf4hkbm~jpuo p�z�hkpu�g�_~­i²l6nQik§gpOq�~
zWp4h�nQ~­ikbel�f�ikbmogt"ik§_nMzW�gogqgf4l6n)o[i�f�v¡l�f4ijhkb�®B° ���)�+
%���/����	�1��/�"!�
<1��<�%�T�"!N12R 0�1�,bOT�<�+
%� Y 	K$�	�1��g�
� �·���
�%� ��
[�%DO���u�O��� � ��
O°
� ��°���° � p�hjh"f�ogq×À!°��¨be~j~jnEhkl�f�o�����nQhjzWp4hkl�f�o_ª)n²ªE§gf4h�f�ªEiknQhkbm{�f4ikp�oÚp4z0zW�_oZqgf4l6n)o[i�f�v«l�f4ijhkb�®
n)~­ikbml�f4ikbmpuo��_oZq�nQh�bml�f�tun�q�n)t�h�f�qgf4ikbmp�o8°g���"A�5<	���
 Y 	K$�	�1��\���/. fNO"O/! 	BA*����	B1�� $k� �F� �u�O�%D[�u�����
� � � 
O°
� ��°���° � p�hjh���À�°3�¨be~j~jnEhkl�f�o8�¡f�oZq´�¨°�6/f)���Zf�o_±/���«pu�g�_~­iMq�nQikn)ªQikbmp�oÁp4z@q_n)t�n)ognQh�f�ikn�ªQpuo_¾gt��
�_h�f�ikbep�og~�zSp�hMik§_n6zW�gogqgf4l6n)o[i�f�v�l�f�ijhkbm®B°X0�1�,bOT�<�+
%� Y 	�$*	B1�� ���T.>��, ��
?
����T.?
%��$��#���/.�	���
��

O���G� �%� �����HDO���u�O��� � ����°
�4��°!��°B�¨§Zf4ogtF�Za�nQiknEhkl6beo_bmogt�ik§_n0n)dgbmd¨puvef�h�tunQpul6nQijhj�/f�oZq�bmik~«�go_ª)nQhji�f4beo[is����f�hkn)}ObenE©0°93�5)

���)�+
%���/����	�1��/�"!�
<1��<�%�T�"! 12R=0�1�,XOT�<�+
%� Y 	�$*	B1��g�Z��
 �·���%�m������DZ� �I�O�3� � ���O°


