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 `�RUwQZ]\ N crNDTWVW���lT%c0�Q�	ViTf\U\�RUwQT"NQVUK0eQ~{TjL Krk�ViTW�MZ]\^RiTWVUZ_`Q�%R
�lK�Z{Lbcf�MTf\�K0eQRgcfZ{`QTf�
PD\tZ{`Q� �	Z���TjVUTW`�R[\tTW`D\tKMVg\���� TW~ �Q\YKrk*z�Z{T�� cr` ���WK0V[~{Z_�Mw�RUZ{`S�Ou K0`D�	Z_RUZ{K0`D\ ���YwQTWViT u KM`Q�
z8TW`�RUZ_KM`Dcf~*crNQNQViK8c0uxwQT \�VUTW~_h	Z_`Q�bKM`�kmTfcrRiPQVUTqu KMViVUTf\tN,K0`D�	TW` u TOKMV cfVUTfc"u KMViVUTW~]crRiZ{KM`
cfVUT�~_Z{�8TW~_h RiK k�crZ_~@���lwQT�cfNQNQVUK�cMugw NSVUTf\tTW`	RiTf�OZ{`%RiwQZ \YNDcrNDTWV�TW~{Z_LOZ{`DcfRUTf\IRUwQT `QTWTf�
kmK0V kmTfcfRUPQViTbLbcrRvuxwQZ_`Q�Q�Icf`D�2Z]\ ViKMeQP \^R RUK�zMcfVUZ]crRUZ_KM`D\�Z{`$\tTW`D\^K0VbugwDcrVvcMu RiTWVUZ]\^RUZ]uW\ �
Z_Lbcr�0Z{`Q� u KM` �	Z{RiZ{KM` \ �ocr`D��� TW~ �Q\ Krk z	Z_T���� 
 ROZ]\O\^Z_LOZ{~]crV Z{` \^NSZ{VUZ_R RiK�LOTWRiwQK��Q\
eDc0\^Tf��K0`%RUwQT��oTW`QTWVvcr~{Z��WTf���pK0PQ�Mw�� Vvcr`D\@kmKMVUL! "���#�%$v�,eQPSR[Z{RoTW~{Z_LOZ{` crRUT \}Lqcr`�h
Kfk�RUwQTbNQViKMeQ~_TWLb\� @\^P uxw$cM\�~ c0ux� Krk�ViKMeQPD\tRU`QT \U\ cr`D��wQZ{�0wEu K0LONQPQRvcrRUZ_KM`Dcf~ou K8\tR&$
c0\U\^K�u�Z crRiTf�'�YZ_RUw����#�l��\^Rth	~_T�LOTWRUwSK��Q\ �

( T[Lbcr�8ToR
�lK eDcM\tZ u[c0\U\^PSLONQRUZ_KM`D\��) � $IRUwQT�ugwDcfVgcMu�RUTWViZ \^RiZ uW\/Kfk/RiwQT�\Uu�TW`QT[�0Z{z8T
ViZ \^T RUK
�	TWRiTfu RgcfeQ~{T�kmTfcfRUPQViTf\�\tPDuxw cM\�NDKMZ{`�Rg\�cf`D� ~_Z{`QTf\[Z_` eDKMRiw�Z{Lbcf�MTf\��:cf`D��cfR
~_TfcM\tR�cBN crVUR KrkoRiwQTf\^T kmTfcrRiPQVUTf\�cfVUTbu K0LOLOK0`%RUK�eDK0RUw�Z{Lbcf�MTf\�cf`D�* @�+$[RiwQTOR
�lK
Z_Lbcr�0Tf\YuWcr`beDT�cfR[~{T cM\^RocfNQNQViK-,�Z{LqcrRUTj~{h cr~{Z_�M`QT �qe�hb�M~_KMeDcf~/�f�@�&RUVgcf`D\GkmK0VULbcfRUZ_KM`d�
. KMV c%�MZ{z8Tj`2NSVUKMeS~{TWL%�/�*T"\^TW~_Tfu R cr`�crNQNSVUKMNSVUZ cfRUT"RUVgcf`D\GkmK0VULbcfRUZ_KM`0 � PDu ~{Z]�	Tfcf`d�
\tZ{LOZ_~ crViZ{RthbKMV c�1O`QT2$[eDc0\^Tf��KM` \^TW`D\tKMV��0TWKMLOTjRUVUh�cf`D��KMRiwQTWV�u�VUZ{RiTWVUZ]c	� ( T3�DVv\^R
�	T u KMLONDK�\^T%RUwSZ \ RiVgcr` \GkmKMViLbcrRiZ{K0` Z_`	RiK�c�\tT546PSTW`Du T"Krk�Tj~{TWLOTj`	RvcrVUh \^Rgcf�MTf\�� nYR
Tfc0uxw \^Rgcf�MT8�/�*Tb\^Tj~{Tfu R cr`$crNQNSVUKMNSVUZ cfRUTbZ{Lqcr�MT�kmTfcfRUPQViTOu ~]cM\i\ �Icr` � T \^RUZ_LbcrRiT�RUwQT
z0cr~_PQT�Krk�KM`QT�RiVgcr` \GkmKMViLbcrRiZ{K0`BN crVgcfLOTWRiTWVle�hbc%65798;:=<?>@7BA@C+DFE57GD+EH<IEYL Tfuxw cr`QZ]\^L Z{`
�YwQZ]uxw�T cMugw kmTfcfRUPQViTpN crZ{VIZ]\/cr~_~{K5�lTf��RUK \tTW~{Tfu�R/RUwQToz0cr~_PQTpKfkdRiwQTpN crVgcfLOTWRiTWV/RUw crRIZ \
u K0`D\^Z]\^RiTW`	RJ�YZ{RiwbZ{RW�J�lwQT z0cr~{PST�Krk}RUwQT NDcrVvcrLOTWRiTWVYRUw crRoZ \YLbc-,�Z{Lbcf~{~ h u K0`D\^Z]\^RUTj`	R
�YZ_RUw VUTf\tN,T u RlRiK�cf~{~�RUwQTYkmTfcrRiPQVUToNDcfZ{Vg\IZ \Iu K0`D\^Z]�	TWVUT � RiK�eDT[Z{Rv\/e,T \^RlT \^RUZ_LbcrRiT8� ( T
Z_`	RiVUK��	PDu�T RiwQTbu K0`Du TWNQR�Kfk[NDcfVgcfLOTWRUTjV[KMeD\tTWVUz0cfeQZ{~_Z{Rth%RUKbkmKMVULqcr~{Z��WT�RUwSZ \ NSVUK�u Tf\i\ �
nEz8TWVUh�P \^T kmPQ~�`QKMRiZ{K0`d�	NDcfVgcfLOTWRUTjVl\tTWNDcfVgcreSZ{~{Z_Rth8�8Lbcr�8Tf\3Z{RINDK8\U\tZ{eQ~_T�Z{` LOK8\tRYuWc0\^Tf\
RiK u KMLONS~{TWRiTW~{h�TW~_Z{LOZ_`DcrRiTYRUwQT[`STWTf� kmK0VlkmTfcrRiPQVUT[N crZ{ViZ{`Q��\ �Scr`D�OZ{` \^RUT cM�K�lK0VU���YZ{RUw
cf�M�MViTW�8cfRUT NQVUK0N,TjVURUZ_Tf\YKrk3kmTfcrRiPQVUTf\Y��TWRUTWViLOZ{`STf� kmViKML T cMugwBZ_Lbcr�0T�\^TjNDcrVvcrRUTj~{h8�

�lwQTo�M~_KMeDcf~�VUTj�MZ \tRUVvcrRUZ_KM` cMugwQZ{Tjz8Tf� e�h�kmTfcrRiPQVUT�u K0`D\^TW` \^PD\I\^wSKMPQ~]� eDT[\tP?1bu�Z{TW`�R
kmK0V�Lbcr`�h�crNQNS~{Z ujcrRUZ_KM`D\�\tPDugw�c0\ RiwQK8\tTbTWLONQ~_Krh�Z{`S�BViTW�MZ]\^RiVgcrRiZ{K0` kmK0V�NDTWV^kmK0VULOZ_`Q�
kmK�u P \ Kfk crRiRUTW`�RUZ_KM`d� 
 k c LOK0VUTbc0uWu PQVvcrRiTB�0~{K0eDcr~oVUTW�0Z \tRUVgcfRUZ_KM`�Z \�`QTWTf��Tf���IcM\�Z{`
LOT �	Z uWcf~dcfNQNQ~{Z]uWcrRiZ{K0`D\ �DRUwQT�kmTfcrRiPQVUT u KM` \^TW`D\tPD\pViTf\^PQ~_RpLqc h e,T�P \^Tf�"cM\[cf`%Z{`QZ_RUZ cf~
u K0`D�	Z_RUZ{K0` kmKMV�L KMVUT TW~]creDKMVvcrRUTq\UugwQTWLOTf\[RiwDcrR PD\^TOkmTfcfRUPQViTbu KMViVUTf\tNDKM`D�	Tj`Du T� mT8� �
L � �-MN$�K0VOL PQ~{RiZ{���	Z{L TW`D\tZ{KM` cr~Y\tTfcrVvuxwO T8���Q� L � �+MP$v�Q�YwQZ ugw�ViT548PQZ{ViT�c��MK8K��EZ{`QZ_RUZ cf~
�0PQTf\U\tTf\,kmKMVdRiwQTIRUVvcr`D\@kmKMVULqcrRUZ_KM`�NDcfVgcrL TWRUTWVv\ �d|�TjRUwQK��Q\d~{Z_�8T/��T kmKMViLbcreQ~_T:RiTWLONQ~]crRiT
LbcfRgugwQZ{`S��u K0PQ~ �bcr~]\^K�eDT�Z_`	z8K0�8Tf��kmKMVo~{K�uWcf~dVUT&�D`STWLOTW`�RIKrk�RUwQT�VUTj�MZ \tRUVvcrRUZ_KM`d�
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�lwQTjVUT crVUT Lbcr`�h�Z_Lbcr�0T�PQ`D�	TWVv\^Rvcr`D�	Z_`Q��crNSNQ~{Z]uWcrRiZ{KM` \ �YwQTWViT Z_R�Z \ eDTW`ST&��u Z]cr~/RiK
Z_`	RiTW�MVvcrRUT �QcfRgcqkmViKML �	Z ��TWViTW`�R Rth�NDTf\[Krk�\^Tj`D\^K0Vg\ � 
 ` �0TW`QTWVvcr~��/�	Z���TjVUTW`�R \^TW`D\tKMVv\
ViTf\^NDKM` �qRiK \Uu Tj`QT[ugwDcfVgcMu�RUTWViZ \^RiZ uW\/Z_`b�	Z ��TWViTW`�RW�Qcf`D�OKrkmRiTW`bu K0LONQ~{TjLOT `�RgcfVUhB�YcWhS\ �

 `�RUTW�0VgcrRiZ{K0` K0V�kmPD\^Z_KM`�KfkoRUwQZ]\ L PQ~_RUZ \tTW`D\tKMV[Z_`	kmKMViLbcrRiZ{KM`�Z \[NDK8\i\^Z_eQ~{TOK0`Q~{h�Z k RUwQT
Z_Lbcr�0To�QcrRvc�crVUT�VUTW�0Z \^RiTWVUT ���8KMV�±iNDK8\^Z_RUZ_KM`QTf��²��YZ{RUw VUTf\tN,T u RlRiK�c�u�KMLOLOK0` u K8KMVv�	Z{�
`DcfRUT�\thQ\tRUTWL L � �*³-M��I|�K8\tRlRUVvcM�	Z_RUZ_KM`Dcf~,L TWRUwQK��S\�kmK0VlZ_Lbcr�0TYVUTW�0Z \^RiVgcfRUZ{K0`OeDc0\^Tf� K0`
cfVUTfc"u KMViVUTW~]crRUZ_KM`�K0V kmTfcfRUPQViTOLbcfRgugwQZ{`Q�"uWcf`�wDcf`D�	~{T KM`Q~_h LOZ_`QKMV��MTWK0LOTWRUViZ u�cf`D�
NQwSKMRUK0LOTWRiVUZ uozMcfVUZ]crRUZ_KM`D\�� 
 `�c�L PQ~{RiZ \^Tj`D\^K0Vlu�KM`�RUT�,�RW��wQK5�lTWz8TWVj�	RiwQT�Z{Lbcf�MTf\IRUK e,T
ViTW�MZ]\^RUTjVUTf� Lqc h�eDTbKrkB�YZ]�	TW~{h �	Z���TjVUTW`�R�Rth�N,T \ �IKMeQRvcrZ{`STf�2e�h���Z \^N crVgcfRUT
\^TW`D\tKMVv\

�



�YZ_RUw �	Z ��TWViTW`	RIViTf\^K0~{PQRiZ{KM` \ �	`SKMZ \tTp~_TWz8TW~]\/cr`D� Z{Lbcf�MZ{`S� �0TWKML TWRUViZ{Tf\�� �lwQT�u K0LOLOK0`
K0V^±UL PQRUP cr~D²�Z{`	kmK0VULbcfRUZ{K0`d�Q�YwQZ]uxw$Z \ RiwQT%eDc0\^Z \OKfk�cfPQRUK0LbcrRiZ u�Z_Lbcr�0TBViTW�MZ]\^RiVgcr�
RiZ{KM` ��LbcWhOLbcf`QZ kmTf\tRYZ{Rv\^TW~ kIZ{`�c z8TjVUhb�	Z���TWVUTW`�RJ�YcWh�Z_`�Tfc0uxw%Z_Lbcr�0T L � �+M��#�lwQZ]\pZ \
eDTfuWcfPD\^T �	Z���TjVUTW`�R \^TW`D\tKMVv\ VUT u KMVv� �	Z���TWVUTW`�R�NQw�hQ\tZ uWcf~/NQwQTW`SKMLOTW` cqZ_` RiwQT \Uu TW`ST8�
. KMV*Z{`D\tRgcf`Du T8��cr` Z{`	kmVvcr�mVUTf�O\tTW`D\tKMVlViTf\^NDK0`D�Q\lRUK RUwQT�RUTWLONDTWVvcrRiPQVUTo�	Z]\^RiVUZ{eSPQRUZ_KM`OKfk
RiwQT�\Uu�TW`QT8� �YwQTWVUT cM\Yc�Vgc0�QcrVYViTf\^NDK0`D�Q\YRUK�LbcfRUTWViZ cr~SNQVUK0N,TjVURUZ_Tf\Y\^P uxwbc0\Y�	Z{Tj~{Tfu RiVUZ]u
u K0`D\^Rvcr`�RW�QTW~_Tfu RiVUZ ujcr~�u KM` �	PDu RiZ{z�Z{RthOcf`D�b\^PQVtk�cMu T VUK0PQ�MwQ`STf\U\��

�8Z_`Du TORiwQTbPQ`D�	TWVi~{h�Z{`Q�
\Uu Tj`QTO�MZ_z	Z_`Q��ViZ \tTBRiK%RUwQTq\^wDcfVUTf��Z{`	kmK0VULbcfRUZ{K0` Z]\�RUwQT
\icrLOT�Z{`
cr~_~dZ{Lbcf�MTf\lKfklRiwQT�\iu TW`QT��Du TWVURvcrZ_`�48PDcf~{Z{RvcrRiZ{z8T \^RvcrRUTjLOTW`�Rg\lujcr`%eDT�Lbc0�	T
cfe,K0PQRYRUwSTpLbcf`Q`QTWV�Z{`��YwQZ ugw�Z{`	kmK0VULbcfRUZ_KM` Z \/NQVUT \^TWViz8Tf��cMu ViK8\i\ L PQ~{RiZ \^Tj`D\^K0V/�QcfRgc��
np~_RUwQK0PQ�Mw RUwQT NQZ ,�TW~]\ u�KMVUViTf\^NDK0`D�	Z{`S�%RUK�RiwQTb\icrLOT \Uu Tj`QT ViTW�MZ_KM`�Lqc h"wDcWz8TO��Z km�
kmTWViTW`�R/z0cr~{PSTf\l�	TjN,Tj`D�	Z{`S��KM` RUwQT�\^TW` \^KMVj�������+7���E��
	�����8+>
� :��Ycf`D�������+7������ E@E��
	���� 8+>�� :��

cfVUT�P \^PDcf~{~{h�NQViTf\^TjVUz8Tf����n VUTj�MZ{K0`�RiwDcrRbcfNQNDTfcrVv\ wQK0LOKM�0TW`QTWK0PD\ RiK�KM`ST%\^Tj`D\^K0V
Z]\p~{Z_�8TW~{h RUK"crNSN,T crV�wQKML KM�MTj`QTWKMP \pRUKbcf`QKMRiwQTWVj� ~_K�uWcr~�RUT�,�RUPQVvcr~3z0crVUZ]crRiZ{KM` \[crNDcfVURj�
sYTW�MZ_KM`D\IRUwDcfRouWcr` e,T u ~_TfcrVi~{h �	Z \tRUZ{`S�MPQZ]\^wQTf��kmVUKML KM`ST�cf`QKMRiwQTWVYZ_`OKM`QT�Z{Lbcf�MT�crVUT
~_Z{�8TW~_h�RUK eDT���Z \^RiZ{`Q�0PQZ \twDcreS~{TpkmViKML KM`QT cr`SKMRUwSTWVYZ{`OK0RUwQTjVlZ{Lqcr�MT \ �8Z{ViVUTf\tN,T u RUZ_z8TpKfk
RiwQT \^TW` \^KMV PD\^T ��� np~{RiwQKMPQ�0w RiwQZ \oZ \[`QKMR�RiVUPQT Z{`�cf~{~IuWc0\^Tf\��:Z_R[Z \p�0TW`QTWVvcr~_~{h�z0cf~{Z �
kmK0V�LOK�\^R[Rth�N,T \ Kfk�\^TW` \^KMVv\�cr`D� \Uu TW`STf\ � |%cr`Q�mLbcM��T K0e��tTfu Rg\�\tPDuxw cM\�eQPQZ_~ �	Z_`Q�8\
cf`D��VUK8c0�Q\�Z{`�cfTWVUZ]cr~YZ{Lqcr�MTjVUh�cr` � Z_LONQ~]cr`�Rg\ �3NQVUK�\^RiwQTf\^T \ �ILOTWRgcf~{~_Z u NSVUKMeDTf\�TWRvuM�
Z_`%LOTf�	Z]uWcr~�Z{Lbcf�MTWVih�cf~ \tKB�0Z{z8T VUZ \tT�RiKqkmT crRUPSVUTf\pRiwDcrR crVUT ~{Z_�8TW~{h RUKbeDT�NQViTf\^TWViz8Tf�
Z_`�L PQ~{RiZ \^Tj`D\^K0VYZ{Lbcf�MTf\�� . TfcrRiPQVUTj� eDc0\^Tf��L TWRUwQK��S\ RiwDcrR�T�,�NQ~{K0Z{RYRiwQT�Z{`	kmK0VULbcfRUZ_KM`
u K0`	RvcrZ_`QTf�2Z_`EVUTW�0Z{K0`Ee,K0PQ`D�QcfVUZ_Tf\Ocr` � Z_`�Lbcf`Q� LqcM�	T"\^RiVUPDu�RUPQViTf\OcrViT�RiwQTWVUT�kmKMVUT
PD\tT kmPQ~�kmK0VYL PQ~_RUZ]\^TW`D\tKMV*VUTW�0Z \^RiVgcfRUZ{K0` L �Q�D��� � �Q� �M� M@�

. TfcrRiPQVUTj� eDc0\^Tf��LOTWRiwQK��Q\�RUVgc0�	Z{RiZ{K0`Dcr~_~{h�ViTW~{h�K0`�Tf\tRgcfeQ~{Z]\^wQZ_`Q� kmT crRUPSVUT%u�KMVUViTW�
\tN,K0`D�	TW` u T eDTWR
�*TWTW`ERUwST%R"�*K�Z{Lqcr�MT \ � �8P uxw u K0VUViTf\^NDKM` �	TW`Du Tj� eDc0\^Tf�ELOTWRiwQK��Q\

�



�DVv\^R*TWLONQ~_Krh[kmTfcfRUPQViTpLqcrRgugwQZ_`Q��RUTfugwQ`QZ 46PQT \:RUK �	TWRUTjVULOZ_`QTYu K0VUViTf\^NDKM` �	Z{`Q��kmTfcrRiPQVUT
NDcfZ{Vv\ kmViKML RUwQT R
�lK Z{Lbcf�MTf\��Dcr`D�bRUwQTW`
u KML NQPQRUT�RiwQT��0TWKMLOTjRUVUZ]upRUVvcr`D\@kmKMViLbcrRiZ{KM`
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\tRUTWNd�Icf`D��cfVUT"cMuWu�PQVgcfRUTOZ kYRUwST kmTfcrRiPQVUT LbcrRvuxwQZ_`Q�bZ \�VUTW~_Z creS~{T8���lwQTjZ{V���Vgc��YeDcMug�
Z]\ RiwDcrR�RiwQTWh%ViT546PSZ{VUT�kmT crRUPSVUTOLbcfRgugwQZ{`S�Q� �YwQZ]uxw�Z \ �	Z 1qu PQ~_R[RUK
cMuWu�KMLONQ~_Z \tw%Z{` c
L PQ~{RiZ \tTW`D\^K0V3u KM`�RUTH,	Rj�8cr`D��Z \�u KMLONSPQRgcfRUZ{K0`Dcr~_~{h�T�,�NDTW`D\^Z_z8TY�	PSTYRUK�RUwQT)�*TW~{~_� ��`QK5�Y`
A@C+>G> 7 E � C+D��?7 D A&7 � >9C���� 7
	��	�oZ{z8TW`�� kmTfcfRUPQViTf\:Z{`�T cMugw�Z{Lbcf�MT8�MRiwQTY`�PQL eDTWV3Krk�NDK8\t�
\tZ{eQ~_TOKM`QTj� RiKM�mKM`QT�kmTfcfRUPQViTbLbcrNQNSZ{`Q��\�Z \���� �IKMPQR Krk �YwQZ ugw�KM`S~{h�K0`QT�Z]\�u KMViVUTfu Rj�
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Z]\ u�KM`D\tZ �	TWViTf� RiK�eDTpZ_Rg\Ie,T \^RlT \^RUZ_LbcrRiT8� ( ToZ{`�RUViK��	PDu ToRUwST�u KM` u TWNQRIKrk3N crVgcfLOTWRiTWV
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u K0`D\^Z]�	TWViTf��c0\ NDKMRUTj`	RiZ cr~oLbcfRgugwQTf\ kmKMV Tf\^RiZ{LbcfRUZ{`S�%\Uujcr~{T��pcf`D��KM`S~{h�RUwQT
u KMVi`QTWV
NDKMZ_`	Rv\�wDcWz	Z_`Q�%cfNQNQViK-,�Z{LqcrRUTj~{h%RUwSTb\UcfLOTOeQZ]\^Tfu RiKMV KMVUZ_TW`�RgcrRiZ{K0`D\�crViTbu KM` \^Z ��TWVUTf�
kmK0VdRUVgcf`D\^~]crRiZ{KM` Tf\^RiZ{LbcfRUZ_KM`d� �lwSZ \�±^kmT crRUPSVUT/�D~{RiTWVUZ_`Q�7²lRiTfugwQ`QZ 48PQT3�MViTfcrRi~{h[Z_LONQVUKfz8Tf\
RiwQT�NDTWV^kmK0VULbcf`Du T�Krk RUwQT \thQ\tRUTWL
� . KMV cb�	TWRgcfZ{~_Tf���	Z]\Uu P \U\^Z_KM`�Krk RUwQT VUK0eQPD\^Ri`QTf\i\
Kfk:kmTfcfRUPQViTW�mLbcrRvuxwQZ_`Q��RiTfugwQ`QZ 48PQTf\���\^TWT L �5M@�
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Kfz8TWVi~ crNSNQZ{`Q��NDcfVURv\ Krk3RiwQToZ{Lbcf�MTf\�� 
 `b\tPDugwOc \^Z{RiPDcrRiZ{K0`d�8RUwQT[Z_`QZ{RiZ cf~QTf\^RiZ{LbcfRUTf\�crVUT
PD\tTf� RiK �	TWRUTjVULOZ_`QTYRUwQT�Z{`QZ_RUZ cf~DKrz8TjVU~ cfNd��cr`D� kmTfcfRUPQViTf\lZ{` RUwQZ]\ Kfz8TWVU~]crNQNSZ{`Q� VUTW�0Z{KM`
cfVUT�RiwQTW`$PD\^Tf��RUK�ViT&�D`QTbRiwQT�NDcfVgcfLOTWRUTjV�Tf\^RiZ{LbcfRUTf\�� �lwQZ \�NQViK�u Tf\U\ Z \�Z{RUTjVgcrRiTf�
 mR^h�NQZ]uWcr~_~{h8�8KM` u T�KMVYR
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�/cfVgcfLOTWRUTjV[KMeD\tTWVUz0cfeQZ{~_Z{Rth�Z]\ RUwST `QT u Tf\U\icrVih%LbcrRiwQTWLbcfRUZ ujcr~�u KM`D��Z{RUZ_KM`%kmKMV �	TWRUTjVU�
LOZ_`QZ{`S� RiwQT%RUVvcr`D\@kmKMVULqcrRUZ_KM`EPD\tZ{`Q��kmTfcfRUPQViT�u KM` \^TW`D\tPD\ � �pK5�lTWz8TWVj�lZ{R Z \O`QKMRqc
\tP?1bu�Z{TW`�R[u�KM`D�	Z_RUZ_KM`d�deDTfuWcfPD\^T Z{R�Z \oN,K�\U\tZ{eQ~_T kmK0V�cONDcrVvcrLOTjRUTWVoRUK"e,T KMe \^TWVizMcfeQ~{T
c0uWu KMVv�	Z{`S�ORUKbRUwST�RUVvcr`D\@kmKMViLbcrRiZ{KM`%L K��	TW~@�DeQPQR�`QKMR�eDT � � E�� ��� 7okmVUKML RUwQT u KM` \^TW`Q�
\tPD\ kmPQ`Du�RUZ{K0`K6HC+>�8 ��� �-7GD �+8;:=8 E57 : � 
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RiwQTpZ_`D�	Z_z	Z]�	PDcr~ crRURiVUZ_eQPQRUT��	Z]\^RUViZ{eQPSRUZ{K0`D\% �cr`D� wQTW`Du TYRiwQT�u KM`D\tTW`D\tPD\ kmPQ`Du RiZ{K0` $�crVUT
Tf\i\^TW`�RUZ]cr~_~{h���cfRW� . K0VYZ{`D\tRgcf`Du T8�QZ k �lT�wDcWz8T[R
�lK�Z_Lbcr�0Tf\lu K0`D\^Z]\^RiZ{`Q� Krk}u Z{Vvu ~{T \ �8RUwQT
ViKMRgcfRUZ_KM`bcf`Q�M~_T#�YZ{~_~Q`QKMR*eDT[z	Z]\^Z_eQ~{TlkmViKML \^~_KMNDT��	Z]\^RiVUZ{eSPQRUZ_KM`D\�� 
 ` KMPSVlT�,�NDTWVUZ_TW`Du T8�
\tPDuxw uWc0\^Tf\*�	K�`QK0RlK�uWu�PQVlz8TWVih�KfkmRUTW`d�InELOK0VUT�u KMLOL KM`�NSVUKMeS~{TWL Z]\}RiwQT[NQViTf\^Tj`Du T
KfkYL PQ~{RiZ{NQ~_T NDTfcf�Q\�Z{`�RUwQT u K0`D\^TW` \^PD\[kmPQ`Du RiZ{KM` �:��PQT RiK�RiwQT NDTfu�PQ~{Z]crVUZ_RUZ_Tf\pKrk RUwQT
�QcfRgcbKMV crL eQZ{�0PQZ{RiZ{Tf\YZ{`SwQTWVUTj`	R[Z_` RiwQT�kmTfcrRiPQVUTf\�� . K0V�Z{`D\tRgcr` u T8� �YwQTW`�~_Z{`QT \t~{K0N,T
cf`Q�M~_Tf\pcfVUT PD\^Tf�"cM\[cfRURiVUZ{eSPQRUTf\lkmKMVoTf\tRUZ{LqcrRUZ_`Q��ViKMRvcrRUZ_KM`d� �lT��MTWRYk�cr~]\^T N,T cr�S\ � �0�
�	Tj�MVUTjTf\:c�� c hokmVUKML&RiwQTlRiVUPQT*VUKMRvcrRiZ{KM` cf`Q�M~_T8�0\^Z{` u TlZ_RdZ \dZ{LONDK8\i\^Z_eQ~{TIRUK��	Z]\^RUZ_`Q�MPSZ \^w
c�~{Z_`QT#�YZ{Riw"c�\^~{K0NDT�cr`S�M~{T�Kfk �
kmViKML ~{Z_`QTf\	�YZ{RUw"\t~{KMNDT cr`Q�0~{Tf\ ��� � �0�	� . PQViRUwQTWVj�
Z klRiwQT�Z{Lqcr�MT \pu K0`	RvcrZ_`%VUTfu Rvcr`Q�0PQ~ cfV[KMe��tT u Rg\� �\^PDugw�cM\[eQPSZ{~ ��Z{`Q��\ $g��RUwQTWViT�LbcWhbe,T
c0�Q�	Z{RiZ{K0`Dcr~3\tNQPQVUZ_KMPD\YNDTfcr�S\E³M� �	TW�MViTWTf\Yc��YcWh kmViKML RiwQT�RUViPQT�N,T cr���


 �	Tfcf~{~{h��MRUwQT u KM`D\tTW`D\tPD\ kmPQ`Du RiZ{K0`b\^wQK0PQ~ �OwDcWz8T�c�\^Z_`Q�M~_T[\twDcrViNBNDTfcf���In�\ LOTW`S�
RiZ{KM`STf�OTfcrVi~{Z{TjVW�8RUwQTjVUT crViT LqcrZ{`S~{h R"�*K �YcWhS\lZ{`��YwQZ ugwORiwQT[kmPQ`Du RiZ{KM`bLbcWh �	TWz�Z cfRUT
kmViKML RUwSZ \pZ]�	Tfcr~��[RUwQTjVUT�LbcWh�eDT RUK8K"Lbcr`�hbN,T cr�S\ Kfko`QTfcfVU~{h"RUwQT \UcfLOT�\tRUViTW`Q�MRiw
 m~ cMug�OKfkINDTfcr�"�	Z]\^RUZ_`Du Ri`QTf\U\@$g�Dcf`D���WK0V[RUwST kmPS`Du RUZ_KM`"LbcWh eDT�RiK8K���cfR� m~ cMug�OKfkINDcr�
VvcrLOTWRiTWV3z	Z]\^Z{eSZ{~{Z_Rth�$v� ( ToRUwSTWVUT kmK0VUToPD\^ToR
�lK u ViZ{RUTjVUZ coRUK 48PDcf`	RiZ kmh�RiwQT��	TWz�Z crRiZ{K0` Kfk
RiwQT u KM` \^TW`D\tPD\pkmPQ`Du RiZ{K0`�kmVUKML RUwQT�Z]�	Tfcf~@� �lwQT��DVg\tR u VUZ_RUTWViZ{KM` �,RiTWVULOT �BRUwST�N,T cr�
�	Z]\^RiZ{`Du Ri`QTf\i\����
	W�dZ \pRiwQT VgcrRiZ{KbKrk RUwQT \tRUViTW`Q�MRiw	� + Krk RUwQT ,DRUw�LOK8\tR�\^Z_�M`QZ���uWcf`	R
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 �,Z]\ ViTW~ cfRUTf�
RiK%RUwQTOTj`	RiVUKMN�h�KrkoRUwST�u�KM`D\tTW`D\^P \ kmPQ`Du RiZ{KM` z	Z_T��lTf��cM\�c�NSVUKMe creQZ_~{Z{Rth�kmPQ` u RUZ_KM`d�
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�YwQTjVUT � Z]\ RUwST[RUK0Rgcr~d`�PQL eDTWVIKrk�eQZ{`D\IPD\^T � kmK0Vou KML NQPQRUZ_`Q��RUwQT u K0`D\^Tj`D\^PD\ kmPS`Du �
RiZ{KM` �

�lwQTINDcfVgcrL TWRUTWV�z	Z]\^Z_eQZ{~_Z{RthYLOTfc0\^PQViT:k�cWz8KMVg\�NDTfcf�8Tf���	Z \tRUViZ{eQPQRiZ{K0` Kfz8TWV ��crR3KM`STf\ �
eQPSRO�	K8T \ `QK0Rb�	Z]\^RUZ_`Q�MPSZ \^w�eDTWR
�lTjTW`�PQ`QZ{L K��Qcr~ocf`D��L PS~{RUZ_L K��Scr~*�	Z \tRUViZ{eQPQRiZ{K0`D\ �
�lwQT NDTfcr�"�	Z]\^RUZ_`Du Ri`QTf\U\lL TfcM\tPQVUT[k�cWz8KMVv\Y�	Z \tRUVUZ_eQPQRiZ{KM` \ RiwDcrRowDcWz8T cO\^Z_`Q�M~_T���KMLOZ_�
`Dcf`	RYNDTfcf�����dKM�MTjRUwQTWVj�QRUwQTjhO�MZ_z8T�cr`"Z �	Tfc�KrkIwSK-�!cMuWu PSVgcrRiT�RUwQT�VUTj�MZ \tRUVvcrRUZ_KM`��YZ{~_~
eDT8� 
 k c ~]crVU�0T k�cf~ \tTYN,T cr� ~{Tfc0�Q\/RUK cr`OZ_`Du K0VUVUT u R/Z{`SZ{RUZ]cr~DugwQK0Z u TIkmKMVlRiwQTYNDcfVgcrL TWRUTWVj�
Z_R#�YZ{~_~:Lbcf`QZ kmT \^RoZ{Rg\tTW~ k}~ crRiTWV[Z_`%RUwQT�NDK8KMV \^wDcfNDTf\[KrkYK0RUwQTjV�u KM` \^TW`D\tPD\pkmPQ`Du RiZ{K0`D\ �
cf`D�BRiwQTWVUT�kmKMVUT�wQZ_�MwQTjVpz0cr~_PQTf\lKfk � �
	 cr`D� � � 
 �*n&u KM` \^TWVizMcfRUZ_z8T NDK0~{Z u�hK�lK0PQ~ �be,T
RiK�PD\tT�c RiVUTWT��	Tf\iu TW`�Rl\tRUVvcrRUTj�Mh RUK�\iuWcr`qcr~{~DNDK8\i\^Z_eQ~{T[N crRUw \lRUK���TWRUTWViLOZ{`STlRUwST[KM`QT
RiwDcrR�wDc0\ RUwST�~{K5�lTf\tR�zMcf~{PQT \ Kfk � � 	�cf`D� ����
[kmKMV cr~_~/NDcrVvcrLOTjRUTWVv\ �dcf`D� Z \oRUwQTWViTW�
kmK0VUT�~_Z{�8TW~_h RiKOeDT�RiwQT�LOK�\^R�cMuWu�PQVgcfRUT8� � PQV�cfNQNQVUK�cMugw%Z \YRUKb\iuWcr`%K0`QT�N crVgcfLOTWRiTWV
cfwQTfcM���EZ@��T8�/RUK RUVihbcr~_~dRUwQT�NQViKMLOZ]\^Z_`Q��NDTfcf�Q\lkmKMVoRUwQT 3 ��� NDcfVgcrL TWRUTWVj�Qcf`D��ugwQK8K8\tT
RiwQTbKM`QT"RUwDcfRO�MZ_z8Tf\�RUwQTbeDTf\tR�� � 	 cr`D� � ��
 kmKMV RUwST  3 � � $ � � N crVgcfLOTWRiTWVW��np`
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( T�crViT�Z{`bRUwQT�NQVUK�u T \U\YKrk�Z{LONQ~_TWL T `�RUZ_`Q��cr` �qRiTf\^RiZ{`Q��RiwQT[LOTjRUwQK�� kmK0VpRiwQT�c�1O`QT
LOK���TW~MZ_`��Q� �	�IJIPQVUViTW`	Ri~{h8���*TIwDcWz8T ViTf\^PS~{Rg\dPD\tZ{`Q��cp\tZ{LONS~{Z � Tf� z8TjVg\^Z_KM`�RUwSTlLOTWRiwQK��
Z_` �8TfuM�8�S� � kmKMVo\tTWLOZ_�@c�1O`QTYRiVgcf`D\GkmK0VULbcfRUZ{K0`D\ �IsocrRiwQTWVYRiwDcr`bu�KMLONQPSRUZ{`S��RUwST[VUK0Rgcr�
RiZ{KM`
cr`Q�0~{T�PD\tZ{`Q� VgcfRUZ_K8\pKfkl~_Z{`QT \t~{KMNDTf\��dcM\oZ{`  �M� $g��Z_RYZ \o�	Z{ViTfu RU~_hOKMe \^TWViz8Tf�qkmViKML
~_Z{`QT \^~{K0NDTOcf`Q�M~_Tf\ �3cM\[Z_`%RUwQT uWc0\^T�KfkYRUwST \^Z{L Z{~ cfVUZ_R^h RUVvcr`D\@kmKMViLbcrRiZ{KM` � �lwQZ \�\^Z{L �
NQ~_Z ��ujcrRUZ_KM`��MZ_z8Tf\�cMuWu TjNQRgcfeQ~{T VUTf\tPQ~{Rv\ Z kYRUwSTb\UuWcf~{T VgcfRUZ{K%Z]\[`QKMR�RiK8K%~ crVi�MT KMV�RiK8K
\tLbcr~_~@�

JIKM`�RUK0PQVg\�crVUT T�,�RUVgc0u RUT �qkmVUK0L RUwQT�Z{Lqcr�MT \lPD\^Z_`Q�ORUwST J*cr`S`	hbKMNDTWVvcrRiKMVW� �YZ{RUw
RiwQTbRUwQViTf\^wQK0~ �Q\ \^TjR�PD\^Z_`Q� RiwQTbLOTWRiwQK���NQVUK0N,K�\^Tf��Z{` L � �;M@��a�Z_`QTf\�crViT�K0eQRgcfZ{`QTf�
e�h c�N,K0~{h��MK0`Dcr~ cfNQNQVUK5,�Z{LbcfRUZ_KM`EKrk u KM`�RUK0PQVg\�� . TfcrRiPQVUT�NDKMZ{`�Rg\bcfVUT�T�,�RUVvcMu RiTf�
kmViKML u KM`�RUK0PQVg\�PD\^Z_`Q�%u PSVUz0crRiPQVUTbc0\�RUwQTqu VUZ_RUTWViZ{KM` �bs K0RgcrRiZ{K0`�Z \ �	TWRUTjVULOZ_`QTf�Be�h
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u K0`D\^Tj`D\^PD\�KfkoNDKM~{h��MK0`Dcr~o\tTW�ML TW`	Rv\ � �YZ{Riw�\t~{K0N,T"cf`Q�M~_TbcM\ crRURiVUZ_eQPQRUT�� � cMugw�NDcfZ{V
 	 % �	I$IKfkI\tTW�ML TW`	Rv\ � 	 kmViKML � cr` � �	[kmVUK0L �� �QNQVUK���PDu Tf\lK0`QT�z8KMRUT[kmK0VYRUwQT cr`S�M~{T�Kfk
ViKMRgcfRUZ_KM`d�	�lwQToz8KMRiTYZ \ �*TWZ{�0w	RiTf��e�h�RUwSTYNQVUK��	P u RIKrkdRiwQTo~{TW`Q�0RUwD\3KrkdRiwQT�\^TW�0LOTW`�Rg\ �
. KMV \UuWcf~{T�Tf\tRUZ{LqcrRUZ_KM`d�DRUwST�KMeD\tTWVUz�Z{`Q�OkmTfcfRUPQViT u ~ c0\U\[u�KM`D\tZ \^Rv\[KrkYN crZ{Vv\pKrk*kmTfcrRiPQVUT
NDKMZ_`	Rv\ kmVUK0L RUwQT \UcrL T Z_Lbcr�0T8�)�lwQT wQKMViZ �WK0`	Rvcr~�cr`D��z8TjVURUZ]uWcr~3��Z \^Rvcr`Du�Tf\ eDTWR
�*TWTW`
RiwQTWL%�8��TW`QKMRiTf��e	h � �Ocr` � � � ��crViTpRiwQTpK0eD\^TjVUz�Z{`Q� crRURiVUZ_eQPQRUT \ �	�lwQToKMeD\tTWVUz0cfRUZ{K0`
T548PDcfRUZ{K0`D\ kmKMVoRUwST�\iuWcr~_T[k�cMu RiKMVg\YcfVUT \^Z{L NQ~{h
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� `Du ToRUwST[VUK0RgcrRiZ{K0`�cf`D�b\UuWcf~{TowDcWz8TpeDTWTj`b�	TWRiTWVULOZ_`QTf��cf`D�bu KMLONDTW` \UcrRiTf��kmKMVW��RUwQT
RiVgcr` \^~ cfRUZ_KM`�Z \��	Z_VUTfu�RU~{h%K0eD\^TjVUz8Tf� kmViKML RiwQTONDK8\tZ{RiZ{KM` \ KfkpkmTfcfRUPQViTbN,K0Z{`�Rg\�Z_`�RUwQT
R
�lK�Z_Lbcr�0Tf\ �

( T�Z{~{~_PD\^RiVgcfRUT�RUwST�N,TjV^kmKMViLbcr` u T�KfkYRUwST�LOTWRUwSK���KM`�R"�*KOVUT cr~*�QcrRvcb\^TWRv\ �dKM`QT
u K0`	RvcrZ_`QZ{`Q� c�VvcM�QcfVU�mz	Z]\^PDcf~:Z_Lbcr�0T[NDcfZ{VYKrk�RUwST � Z_VURU~]cr`D� n . �EcrViTfc� . Z_�Q� � $g�Dcf`D�
RiwQTbKMRUwSTWV u KM`�RgcfZ{`QZ_`Q� cr`�z	Z]\^PDcf~YZ{Lbcf�MTON crZ{V RUwST�|�K���TW~ �lK8cfVg���ScrRgc�\^TjR �YZ{RUw
z�Z{T��YNDK0Z{`�RYcr` �BNQwQK0RUK0LOTWRUViZ u[��Z ��TWVUTj`Du Tf\# . Z{�S�	�?$v�Q�lwST�u�KM`D\tTW`D\^P \ kmPQ` u RUZ_KM`D\lkmKMV
RiwQT�VvcM�QcfVU�mz	Z]\^PDcf~��ScrRgc crVUT�\twQK5�Y` Z_` . Z_�Q�*�	� �lwQTjVUT�Z]\Oc�\twDcrViN NDTfcf��Z{`$RUwQT
u K0`D\^Tj`D\^PD\lkmPQ`Du�RUZ{K0`%cfRpRiwQT�RUVUPST ViKMRvcrRUZ_KM`�cf`Q�M~_T Kfk � � �0���f�)�lwQT 	 � cr` � 	 ��\Uujcr~{T
k�c0u RUK0Vg\YcrViT crNQNQViK5,	Z_LbcrRiTW~{h �	� � cf`D� � � 
 �	�lwQT�NDTfcr�S\lZ{` RUwQT�u�KM`D\tTW`D\^P \ kmPQ` u RUZ_KM`D\
kmK0V � � cr`D� ����crViT PS`DcrL eQZ{�0PQKMP \ ���lwQT#�D`Dcr~3VUT \^PQ~_Roc kmRUTjVocrNQNQ~_h	Z_`Q� cr~{~dRiwQT \^Rvcr�MT \
Kfk�RiVgcf`D\GkmK0VULbcfRUZ{K0`�Z \/\twQK5�Y` Z_` . Z_�Q�0�	�IsYTW�MZ]\^RiVgcrRiZ{K0`�VUTf\tPQ~{Rv\ kmKMV/RiwQTYz�Z \^P cr~�Z{Lbcf�MT
NDcfZ{VocfVUT \^wQK5�Y`"Z{` . Z{�S� 
 �
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. Z_�MPQViT[�Q���Q�lK crTjVUZ cf~�Z_Lbcr�0Tf\# kmViKML RiwQT |�K��	TW~ �lK8cfVg�b\^TjR&$IRUK eDT�VUTW�0Z \^RiTWVUT ���
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. Z{�0PQVUT ���lJIKM`D\tTW`D\^P \ kmPQ`Du RiZ{K0`D\ kmKMVoRUwQT |�K��	Tj~ �lK8crVv�b\^TWRj�
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. Z_�MPQViT 
 � 
 `QZ_RUZ cf~dcf`D�'�D`Dcf~3cr~{Z_�M`QL TW`	RIkmKMVoRUwQT |�K��	TW~ �lK�crVg�bZ{Lbcf�MTf\Y\twQK5�YZ{`Q� ��
\tPQNDTWVUZ_LONDK8\^T � �YZ_RUwbKMViZ{�0Z{`Dcf~3cr`D�bRUVgcf`D\GkmK0VULOT �Ou KM`�RUK0PQVg\lkmVUK0L � �

� 
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( Tpw c z8TYNSVUKMNDK�\^Tf�Ocf`bcrNSNQVUK�cMugwORUK�L PQ~{RiZ \^Tj`D\^K0V:ViTW�MZ]\^RUVvcrRiZ{KM` RUw crRY��K8Tf\/`QKMR*VUTW~_h
K0`2kmTfcfRUPQViT�u�KMVUViTf\^NDK0`D�	TW`Du�T%cM\�Z{Rv\�NQVUZ_LbcrVih L Tfuxw cr`QZ]\^L%� ( T�cfVU�0PQT%RUwDcfR kmT cr�
RiPQVUT u K0VUVUT \^NDKM`D��TW`Du T uWcr`Q`SKMRoe,T VUTW~_Z cfeQ~{h �	TWRiTWVULOZ_`QTf��Z{`bZ{Lqcr�MT \lKMeQRvcrZ{`STf�qkmViKML
�	Z]\^NDcfVgcfRUTb\tTW`D\^K0Vg\��lcf`D� wQTW` u T3�*TOwDcWz8T NQVUK0N,K�\^Tf��c�LOTjRUwQK��%RUwDcfR�Z]\ eDc0\^Tf� K0`
kmTfcfRUPQViT u KM`D\tTW`D\tPD\ � �lhqu KM`D\tZ �	TjVUZ{`S� cr~{~dN crZ{Vv\ Kfk/kmTfcfRUPQViTf\YcM\pNDK0RUTW`�RUZ]cr~dLbcfRgugwQTf\ �
cf`D� e�hEcf~{~_K-�YZ_`Q��RiwQTWL RiK$\^TW~_Tfu RORiwQT%RUVvcr`D\@kmKMVULqcrRUZ_KM` NDcrVvcrLOTjRUTWVv\ �Q�*T TW~_Z{LOZ_�
`DcfRUT�RiwQT�`QTjTf�qkmK0V�u KMViVUTf\tNDKM`D�	Tj`Du T8� �lh���Tfu KML N,K�\^Z_`Q� RiwQT�RUVvcr`D\@kmKMViLbcrRiZ{KM`"Z{`�RUK
c%\tT546PSTW`Du T Krk�TW~{TjLOTW`�RgcrVih"\^Rgcf�MTf\�cf`D��PD\^Z_`Q�%RUwSTONQVUK0�MViTf\U\tZ{z8T kmTfcfRUPQViTK�D~{RiTWVUZ_`Q�
RiTfuxwS`QZ 48PQT8�;�*T[cWz8K0Z ��RUwQT�u KML NQ~{T�,�Z{Rth�c0\U\tK�u Z cfRUTf�K�YZ{Riw'���#�l��\^Rth�~{ToLOTWRiwQK��Q\ � ( T
wDcWz8T Z{`�RUViK��	PDu Tf��RUwQTO`SKMRUZ_KM`�KrkoN crVgcfLOTWRiTWV�KMeD\tTWVUz0creSZ{~{Z_Rth%RUK%cf`Dcr~_h?�jTORUwQT VUTW~]cr�
RiZ{KM` \^wQZ_N�eDTWR
�lTWTj` kmT crRUPSVUTf\��pcfRURiVUZ{eSPQRUTf\ cr` ��RUVgcf`D\GkmK0VULbcfRUZ_KM`�N crVgcfLOTWRiTWVg\�� ( T
wDcWz8TYNQViTf\^Tj`	RiTf��VUTf\tPQ~{Rv\:KM` VUTfcf~D�QcrRvc RiK z0cf~{Z �ScrRUTYK0PQVYcfNQNQViK8cMugwd� . PQViRUwQTWV �lKMVi��Z \
`QTjTf�	Tf��KM` �	TWz8Tj~{KMNSZ{`Q�oeDTWRURiTWV kmT crRUPSVUTo�	TWRiTfu RiKMVg\�kmKMV�L PQ~_RUZ]\^TW`D\tKMVdZ_Lbcr�0TWVUh8�fcf`D��Z{`
�	Tjz8TW~{K0NQZ{`Q� c u�KMLONQViTWwQTW` \^Z{z8ToRgc5,	K0`QKML h Krk/kmTfcfRUPQViTf\Ycr` ��crRiRUViZ{eQPQRiTf\ kmKMVoz0crViZ{KMP \
RiVgcr` \GkmKMViLbcrRiZ{K0`BL K��	TW~ \��	Tf\tNDTfu Z cf~{~_h kmK0VYRUwQT�NQViK �tTfu RiZ{z8ToRUVgcf`D\GkmK0VULbcfRUZ_KM`d�

� � � ��¬����E°_©�� ��� � °��k®E°9ª�°�� �
	 � © � � ��� 
����

( TYZ{~_~{PD\tRUVgcfRUT*RUwQT crL eQZ{�0PQZ{Rth[ViTf\^K0~{PQRiZ{KM`�L TWRUwQK���NQVUK0NDK8\^T � Z_`C�8Tfu RiZ{KM` �	��� K0`�RUwQT
� Z{ViRU~]cr`D� � � �8��n[s&NDcrZ_VW��\^wQK5�Y`%Z{` . Z{�Q� � ���lwQT u K0`D\^TW` \^PD\ kmPS`Du RUZ_KM`D\�\^wQK5�Y`%Z{`
. Z_�Q��� �*TWVUToKMeSRgcrZ_`QTf� e�h \^Tj~{Tfu RiZ{`Q��RUwQT[RiVUPQToNDTfcr�S\}kmK0VlRiwQT[VUK0RgcfRUZ{K0`bcr` �O\UuWcf~{Z_`Q�Q�
�pTjVUT��lTb�	TjLOKM`D\tRUVvcrRUT �YwDcrR�wDcfNQNDTW`D\�Z k�cBk�cf~ \^T N,T cr��Z]\�ugwQK8\tTW`d�Icr` � wSK-� �lT
uWcf`�cWz8KMZ]��RUwQTbujcM\UujcM�	Z_`Q��TWViVUK0Vg\[RUwDcfR��*KMPQ~]� `QKMViLbcr~_~{hbVUT \^PQ~_R kmViKML RUwQZ]\[Z{`QZ_RUZ cf~
TWViVUK0VW� 
 ` . Z_�Q� ��� �*TO\twQK5� RUwQT u KM` \^TW`D\tPD\ kmPQ`Du�RUZ{K0`D\ kmK0V�RiwQTO\iuWcr~_T k�c0u RUK0Vg\�RUwDcfR

�8�



ViTf\^PQ~_R�kmVUK0L \tTW~{T u RUZ_`Q�%TfcMugw�Kfk�RUwSTBkmKMPSVONDTfcr�S\ Z_`�RiwQT%u K0`D\^Tj`D\^PD\�kmPQ`Du RiZ{KM`�kmKMV
ViKMRgcfRUZ_KM`d�)�lwST z0cf~{PQTf\YKrk}RUwQT �	Z]\^RUZ_`Du Ri`QTf\U\Ycf`D�Bz�Z \tZ{eQZ_~{Z_R^h u�VUZ{RiTWVUZ]c	��Z{`�RUVUK���PDu Tf�OZ{`
�8T u RUZ_KM`"�	���bcrViT�\^wSK-�Y`%eDTW~_K5� RUwQT u KMViVUTf\tNDKM`D�	Z_`Q�bu K0`D\^Tj`D\^PD\lkmPQ`Du�RUZ{K0`D\ �B =�lwQTWVUT
cfVUT�R
�*K z0cr~_PQTf\YZ{`bTfc0uxw"uWc0\^T�u�KMVUViTf\^NDK0`D�	Z{`S�ORUKORiwQT �Q�lcf`D��RUwST � ��u KMLONDK0`QTW`�Rg\ ��$

 `ETfc0uxw�uWcM\tT8�pRiwQT�u KM` \^TW`D\tPD\ kmPQ`Du RiZ{K0`D\Ocr` � RiwQT�u VUZ_RUTWViZ c�kmKMVORiwQT%RUVvcr`D\t~ cfRUZ{K0`
cfVUT \^wQK5�Y`�u K0VUViTf\^NDKM` �	Z{`Q�"RUK"RUwQT uxwSKMZ u�T�KrkYRiwQT LOK8\tR NSVUKML Z{`QTW`�RoN,T cr�%kmKMV�RUwQT
\iuWcr~_Z{`Q�S��lh�z�Z \^P cr~DT�,ScrLOZ_`DcrRiZ{KM` Krk3RiwQT�u KM`D\tTW`D\tPD\ kmPQ`Du RiZ{K0`D\/Z{` . Z_�Q�Q�8��Z{RIZ \IcfNQNDcrViTW`�R
RiwDcrRbcf`EZ{`Du�KMVUViTfu R ugwQKMZ]u T�RiwQT�ViKMRvcrRUZ_KM` cf`Q�M~_T%~{Tfc0�Q\ RiK�NDK8KMViTWV 46PDcf~{Z_R^h Krk RUwQT
u K0`D\^Tj`D\^PD\lkmPQ`Du�RUZ{K0`D\}kmK0VpRiwQT�\iuWcr~_Z{`Q� cf`D�ORUVgcf`D\^~]crRiZ{KM` �Q�lwQZ]\lKMeD\tTWVUz0cfRUZ{K0`%uWcf`be,T
z8TWViZ �DT �qe�hbu K0LONDcfVUZ{`S� RiwQT�z0cr~_PQTf\YKrkIRiwQT�� �
	 cr`D� � ��
 u VUZ_RUTWViZ c�� � `Q~{hORiwQT�RiVUPQT
NDTfcf��Z{`�RiwQTYVUK0RgcfRUZ{K0`� �crR � �M���	TW�0VUTWT \ $d~_TfcM�Q\3RUK \^Z_`Q�M~_TW� NDTfcf��u K0`D\^Tj`D\^PD\:kmPQ` u RUZ_KM`D\
kmK0V�\iuWcr~_Z{`Q�
cr`D��RUVgcf`D\^~]crRiZ{KM` �:RUw�PD\�\Uu�KMVUZ_`Q�  �� % �+$[K0`�RUwQT � �
	 u VUZ_RUTWViZ{KM` � 
 `�RUwQT
K0RUwQTWV RUwQViTWT�uWcM\tTf\ �ou K0VUViTf\^NDKM` �	Z{`Q�$RUK�RiwQT�k�cr~]\^T%NDTfcf�Q\bcrR � � �f�	�[� �M��cf`D� � � �
�	Tj�MVUTjTf\ �QRiwQTWVUT cfVUT�L PS~{RUZ_NQ~{ToNDTfcr�S\YZ{`bRUwQT \iuWcr~_Z{`Q� cr`D���WKMV�RUwQT�RUVvcr`D\t~ cfRUZ{K0`d�)�lwQT
u K0`D\^Tj`D\^PD\ kmPS`Du RUZ_KM` kmK0V�RUVvcr`D\t~ crRiZ{K0`2K0eQRgcfZ{`QT � e	h c%u K0VUVUT u R uxwQK0Z u T Krk�VUK0RgcfRUZ{K0`
 �cr`D�%RUwQTjVUT kmK0VUT�RiwQT u K0VUVUT u R�ugwQKMZ]u T�KfkY\iuWcr~_T�k�cMu RiKMVv\ $owDcM\[RiwQT�eDTf\^R�\iu KMViT�KM`�RUwQT
NDcfVgcfLOTWRUTjVdz	Z]\^Z{eSZ{~{Z_RthB ����
G$du ViZ{RiTWVUZ_KM`d� � `Q~{h�RUwQT � ��u KML N,K0`QTW`�RdKrkDRiwQTIRUViPQTY\iuWcr~_Z{`Q�
\tTWTWLb\IRUK \Uu�KMVUT�VvcrRUwSTWVpNDK8K0VU~{hbK0`�RUwST � ��
[u ViZ{RiTWVUZ]c	�
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�lwQT"cf~{Z{�0`QLOTW`�R�K0eQRgcfZ{`QT �2e�h�RUwQTOkmTfcfRUPQViT%u K0`D\^Tj`D\^PD\�RUT uxwQ`SZ 48PQT8�Icr~_RUwQK0PQ�Mw�crNQ�
NQViK5,	Z_LbcrRiT Z_`�RiwQTY�MTW`STWVgcf~DuWcM\tTlKfk3cp�0TW`QTWVvcr~D�f�@��RiVgcr` \GkmKMViLbcrRiZ{K0`d�MZ \�\^P?1qu Z{Tj`	RdkmKMV
Lbcf`	h cfNQNQ~_Z uWcfRUZ{K0`D\ �	�oK-�*TWz8TWVj�MZ kdkmPQViRUwQTjVYcMuju PQVgc0u h Z \ ViT548PQZ{ViTf���+�lT�ujcr`bNDTWV^kmK0VUL
c�\^Z_LONQ~_Tl`QTfcfVUTf\tRU�m`QTWZ_�Mw�e,K0VILbcrRvuxwQZ_`Q�[Kfkd~{Z_`QTf\:K0V/kmTfcrRiPQVUToNDKMZ{`�Rg\���cr`D� ViTfu K0LONQPQRiT
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peak #2, 10 deg.

peak #3, −80 deg.

peak #4, −170 deg

peak #1, 100 deg.
(true peak)

ROTATION 

SCALING

TRANSLATION

Q

Q

pd

pv

0.87, 0 0, 0.99 0.97, 0.9

0.94, 0.92 0.87, 0.94 0.95, 0.91 0.89, 0.93

Q

Q

pd

pv 0.92, 0.91

0, 0 0, 0.99 0, 0 0, 0

0.92, 0.91 0.89, 0.93 0.84, 0.90

0, 0

. Z_�MPQViT%�8� � ��Tfu�R Kfk�NDTfcr�$\^Tj~{Tfu RiZ{K0`�KM`$RUwQT"N,T cr�$�	Z \tRUZ_`Du RU`STf\U\K ���
	 $ cr`D��NDcr�
VvcrLOTWRiTWVIz	Z]\^Z_eQZ{~_Z{Rth� ����
�$*u ViZ{RiTWVUZ]c	� 
 `Du KMViVUTfu�RlNDTfcr�q\^TW~_Tfu RUZ_KM` ~{Tfc0�Q\lZ{` LOK8\tRYuWc0\^Tf\
RiKbu KM` \^TW`D\tPD\pkmPQ`Du RiZ{K0`D\pRUw crR[wDcWz8T c3�lK0Vg\^T� mZ@��T8�pwQZ_�MwQTjV&$o\iu KMViT�KM`�KM`ST�KMV[eDKMRiw
u ViZ{RiTWVUZ]c	�
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RiwQTORUVvcr`D\@kmKMViLbcrRiZ{KM` NDcrVvcrLOTWRiTWVg\�� ��Z{`Du T RUwSZ \ Z]\�c%u K0VUViTf\^NDKM` �	TW`Du Tj� eDc0\^Tf��RUTfugwQ�
`QZ 46PST8���*T�uWcf` P \^T�cOLOK0VUT u K0LONQ~{TH,ORUVvcr`D\@kmKMVULqcrRUZ_KM`%LOK���TW~:RiwDcr`�� cM\[PD\tTf�BkmKMV
RiwQTpkmTfcfRUPQViT�u KM` \^TW`D\tPD\YcrNSNQVUK�cMugwd� 
 `OKMPQVo\thQ\tRUTWL
�F�*TpP \^T c NQViK �tTfu RiZ{z8ToRUVvcr`D\@kmKMVU�
LbcfRUZ_KM` LOK��	TW~QkmKMV*RUwQZ]\l\tRgcr�0T8�QZ{`��YwQZ]uxwbc�NDKMZ{`�R# � %�� $3Z]\ RUVvcr`D\@kmKMViLOTf� RiKK �� %�� $
c0uWu KMVv�	Z{`S��RUK ������
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�YwQTjVUT � Z \Ycf`%cfVUeQZ_RUVgcfVUhb\iuWcr~]crVj�Dcr`D�
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. KMVYT cMugwBNDK0Z{`�Rou KMViVUTf\tN,K0`D�	TW` u T8� �lT uWcf`��YVUZ{RiT�R"�*K�T548PDcrRiZ{KM` \ �

� ' ' ��� � � ' � � � � '�� � � ' � � ��� � ' � � � �� ' ' � � � � ' � � � � ' � � � ' � � � � � ' � � �	�
�lw�PD\ �+�*Tp�0TWRIR"�*K�T546P crRUZ_KM`D\:kmK0VlTfc0uxw�NDKMZ_`	R*u K0VUViTf\^NDKM` �	TW`Du T�
  � %�� $ %  �� %�� $
���/n
LOZ_`QZ{L�PSL Krk�kmKMPQV�\^PDugw%u�KMVUViTf\^NDK0`D�	TW`Du�Tf\pcfVUT�RUwSTWVUT kmK0VUT�`QTWT �	Tf�ORUK \^K0~{z8T[kmKMVoRUwQT
TWZ_�Mw�RlRiVgcr` \GkmKMViLbcrRiZ{K0`�NDcfVgcrL TWRUTWVv\ ��������
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�lK�T548PDcrRiZ{K0`D\ ���� � � � � � � � � � � � � � � �
� � � � � ' � � � � � ' � � � �

���� � '
��
� � �
� � '

�	�



. KMPSVp~_Z{`QT�u�KMVUViTf\^NDK0`D�	TW`Du�Tf\pcfVUT�RUwSTWVUT kmK0VUT�VUT 46PQZ_VUTf� RUK \^KM~_z8T[kmKMVoRUwQT�NDcfVgcrL TWRUTWVv\
Kfk/RiwQT�NQVUK �tT u RUZ_z8T[RUVvcr`D\@kmKMVULqcrRUZ_KM`d�


 ` K0PQVlZ_LONQ~_TWL Tj`8RgcrRiZ{K0`d�-�*TpP \^T�c `QTfcfVUTf\tRU�m`QTWZ_�Mw�e,K0V*crNQNQViK8c0uxwORiK�K0eQRgcfZ{`ONDKM�
RiTW`	RiZ cf~	NDKMZ_`	R}u KMViVUTf\tN,K0`D�	TW` u Tf\ ��cr`D��RUwQTj`�Tf\^RiZ{LbcfRUTIRUwQT*RUVvcr`D\@kmKMVULqcrRUZ_KM`�NDcfVgcfLOTW�
RiTWVg\IPD\^Z_`Q�K � �F$v�Inp~{L K8\^R�Z{`�zMcfVUZ]creQ~_h8�8RUwQTWViT%�YZ_~{~DeDT[\tKMLOTYk�cr~]\^T[LqcrRgugwQTf\3RUwDcfRQ�YZ{~_~
~_TfcM� RiK�TWVUViKMVv\ Z{` RUwQT�Tf\tRUZ{LqcrRUT \ �3n `�PQL eDTWV�Krk�LOTWRUwSK��Q\lcfVUT�cWz0crZ_~ creS~{T[RiK �	TWRUT u R
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