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 � S\G/Q G/l]IjY]` f Y��%v b vnS\G g � f Q Q�IjQxv\OFYPGq^ G/vJv f SaIVS\G�vnO g G>�õO6H g O��
f KdG/Y�S f S b h6G/H f Am^/IVS f O6YÇU_v���G�G/^aM{l�G f Y��ÑS\MPG �]H\G��õG�HJH\GqK�v e ����O6H\S f Y{S\M f v&^�O6Y�S\G��_S�

��MPGFv f y/G÷IjY]K K f h6G/HJv f S b O��öSJMPGK��O�� e QxIVS f OXY S\M]IjS � f Q Q e v\G�S\MPG vnG/H\hXG�HqU;S\MPG H\G�w

v�SJH f ^�S f OXY]v�O6Y�S\MPG÷K f IjQRO�� e G6U�SJMPG�v f y�G1O���S\MPG1QRG�� f ^ O6Y O�� f Y�SJG�HJG/vnS/U�S\MPG�Y]G/^ Gqv\v f S b O��
�mG/HT�õOXH gÑf Y��{^/IjQRQ G/H f KdG/Y�S f Am^�IjS f O6Y I6Y]K
�VO6H�h6G�H f Am^�IjS f O6YFI6H\GÑIjQRQ �õG/IVS e HJG/v �-M f ^aM f Y�� e w
G�Y]^�G�^ e H\HJG�Y�S7HJG/v\G/I6HJ^aM IjY]K KdG�hXG�QRO�� g G�Y�S �õOXH �P�L= 
�� e H � C÷I s OXHJKPO g G � UÏI ��G�Hav\O6Y]I6Q
f Y$�õOXH g IjS f O6Y1vnG/H\hXG�HqU�O � G/HJv g I6Y b O��ÇSJMPG ��OXvJv f lPQRG"�õGqIVS e H\Gqv�� f S

� I6^/^ G��PSJvÑIjY b ^�I6Q Qxv O S\MPG���OjSJG�Y�S f IjQS�mO?� e QxIVS f OXY f v>hXG�H b QRI6H��XGBQ f Y I6Y b QxIjY1� e I��6G
IjY]K1K f IjQRG/^ S/U

� H\Gq^ O?�6Y f y�Gqv �]H\O?�mG/H-Y]I g G/v-I6Y]K{vT��G�QRQ f Y���v�U
� f Y�SJG�H	�PH\G�SJv g G/vJvJI��6Gqv f Y1O6HaKdG/HNSJOuv ePgÑg IjH f y�GöO6H�SJHJI6Y]vnQxIVSJG�S\MPG g U
� f KPG�Y�S f A]G/v �àI gÑf Q f IjH&^�I6Q QRG�Hav O O?�mG/YdwÅv\G SCv���G/Ij`XG�H f KdG�Y�S f Am^/IVS f O6Y Q�U
� I6KPI��dSJv<SJOÑS\MPG�hXO f ^ G�O���S\MPG�^/IjQRQ G/H/U
� h6G/H f A]G/vÇS\M]G f KdG�Y�S f S b O��m^ Q f G/Y�SJv��õH\O g S\MPGE�PHJO6Y e Y]^ f IjS f O6Y�O��PS\MPG f H;Y]I g G6U �]I6vJv��NOXHJK
O SJG��_Snw�KdG���G�YmKdG�Y�S�vT��G/I6`6G/H�hXG�H f Am^/IVS f OXY Q&I6Y]KF^�O6Y�S f Y e O e v\Q b K e H f Y���S\MPGÑK f IjQRO�� e G
O SJG��_Snw f YmKdG���G�Y]KPG�Y�S3Q U

� lPHJO:�&vnGqv-S\M]G �<G�l�SJO�vJIVS f vT� b IjY b H\GB� e G/vnS��õHJO g S\MPGÑ^�I6Q QRG�H O SJMPGÑI����PQ f ^�IVS f OXYFKdO6w
g I f Y g I b Y]OjS-lmG�HJG/vnS\H f ^�S\GqK1QR

� G S e v AmHJvnS"� f hXG7vnO g G g OjS f hVIVS f OXY]v �õOXH�v e ^aM÷I � C÷I s O6HaKdO g G � UdSJMPG�Y f Y]K f ^�IjS f O6Y]v

Ijl�O e S-G�� f v�S f Y1��MmIjHaK$�<I6H\G�IjY]K{v\O��ñS ��IjHJG6UdIjY{G��PI g �PQRG�O6Y{MPO:� f S&^ O e QRK�lmG e vnGqK�I6Y]K
f g �PQ f ^/IVS f OXY]v-^ OXY]^ G/H\Y f Y��uv��mG/G/^aM�S\G/^aM]YPO6QRO�� b 
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� f g G1IjY]K v��]IX^ G3IXv b Y]^aMPHJO6Y]O e v ��G�Hav\O6Y]I6QN^ O gÑg7e Y f ^�IjS f O6Y f v�I6^aM f G�hXG/K l b hiI6H f O e v
g GqIjY]v�	}v e HT�àIX^ GXU�G/Q Gq^�SJH\OXY f ^6U;h6O f ^ G1IjYmK��àI � g I f Q9
}k&O:�<G�hXG�HqUÇSJMPOXv\G g G/IjYmv�I6H\G{YPO6S
G�� ePf hiI6Q G/Y�S f YÑSJMPG f H e vnG�� e Q Y]G/vJv�
6z]O6HNG��PI g �PQRG6U6v e H��àI6^�G g I f Q�^�I6Y�l�G e vnGqK7SJO�S\HaIjYmv gÑf S
YPG/I6H\Q b IjY b S b ��G�O��&O6l s Gq^�Sav O Q G�SnSJG�Hav�U�lmO_OX`_v/U;I e K f O÷SaI���G/v/U �PMPOjSJO��XHJI��PM]v/U 
R
�
�Q�U;l e S
SJIj`XG/v>I÷QRO6Y��FS fRg G3S\O H\GqI6^aM S\M]G�HJG/^ f � f G�Y�SB
6��Y�SJMPG{OjS\M]G�H7MmIjY]K¢U;G/Q Gq^�S\HJO6Y f ^6UÇh6O f ^�G
IjY]K��àI�� g I f QÖI6H\G�KdG�Q f h6G�HJG/K3IjQ g O�v�S f Ymv�SaIjY�SJI6YPG�O e vnQ b 
<�
O f ^ G g I f QÀU<�àI��dGqvNI6Y]K,G�w g I f Qxv
M]Iih6G3K f�� G�HJG�Y�S�I6H\GqI6v�O�� e v\G�
%7 M f QRG f S f v>G/IXv b S\O�SJHJI6Y]v g�f S�v\O g G �]I��XG/v�O��CvnO e HJ^�G
^ OdKdG�h f I�G�w g I f Q:OXH-G�h6G/Y �àI�� O IjQ S\MPO e �6M8�"�dS f ^/IjQ�LNM]I6HJIX^�SJG�H �-G/^�O��XY f S f OXY O ��LS��Q<OXH
H\G�S b � f Y�� f v�YPGq^ Gqv\vJIjH b f Y�O6HaKdG�H>S\O e v\G3SJMPG{^�OdKdG{I6Y]K Y]OjS s�e v�SÑSJO HJG/IXK f SRQ�U
OXH7SJO
S\HaIjY]vT�õG�H�I A]QRG e v f Y��1G w g I f QÀU f S f vöY]OjS�^ OXY�hXG�Y f G�Y�S�S\O{S\HaIjYmv �õG/H�I3hXO f ^ G g G/vJv\I��6G7l b
�àI���O6HCS\O>� f hXG g>e ^aMFKdG�SJI f Qxv�I6lmO e S�I6Y f g I��6G�OXH�I,KPHJI � f Y�� e v f Y���v��mG/G/^aM

:9 e S/U¢IXv
h6G�HavJIVS f QRG�I6v �àI ��IjY]K�vT��G/^ f I6Q Q b G/Q Gq^�S\HJO6Y f ^ g I f Q g I b l�G6U;SJMPG�HJG f vÑvnS f Q Q&I �PHJO6lPQRG g
I6^�^�G/vJv f Y�� S\MPG f Y$�õO6H g IVS f O6Y�
#�COjS1G�hXG�H b l�OdK b O:�-Y]v1I�t;G/HJv\O6YmIjQ r f � f SJIjQ � v\v f vnSJI6Y�S
^�I��mIjlPQRG>O��<^�O6YPYPGq^�S f Y���S\O1OXYPG � v g I f QRl�O �Fh f I{^ G/Q Q e QxIjHL�PMPOXYPG�
1��YFS\MPGuO6S\MPG/H�MmIjY]K¢U
f S s�e vnS�SaIj`6Gqv�I�v fRg �PQRG O � e lPQ f ^BQ��]MPO6YPG7S\O{I6^�^�G/vJv�I6YFIjYmvT�<G�H f Y1� g I6^aM f YPG �õHJO g I6Y b
Q Od^�IjS f O6Y f Y�SJMPG �<O6HJQRK1I6Y]K�S\MPG/H\G��õO6HJG�l�G e �1SJO,KPIVSJG7Ijl�O e S-S\MPG�QxIVSJG/vnSC^�I6Q Qxv�
mk&G�Ym^ G6U
^�I g G�S\M]G�SJMPO e �6M�S-O���KPG�h6G/Q O?� f Y���I6Y,;�*871# 0=<>< * 6 0 71# (:7 N@?@0�H *87<6>'�(�,32 *87 0BA UPS\M]IjS f v�YPO6S
O6YPQ b ^�I��]Ijl]Q G�O��¢vnS\O6H f Y��öh6O f ^ G g G/vJv\I��6Gqv�I6Y]K¢U:�àI �dG/v
IjYmK>G�w g I f Qxv�UVl e S(IjQxvnO f Y�S\G�H	�PHJG Sav



S\MPG g vnO�SJM]IVSNS\MPG�O:�-YPG�HNO��¢SJMPG/v\G g G/vJvJI��6Gqv}^ O e QxK,I6^/^ G/vJv
SJMPG g �õHJO g IjY b S\G/Q G��PMPO6Y]G
e �mOXY1h6G�H f Am^�IjS f O6Y,O���M f v f KdG�Y�S f S b 
 =_O g G f Y�SJG�HJG/vnSJv f Y{SJMPG � CFI s O6HaKdO g G � �]H\O s G/^�S&I6H\GXU
I g O6Y���v�S-O6S\MPG/HJv�	

� IuSJG�QRG��PMPOXYPG>IjSnSJG�Y]KPI6Y�S �-MPG/Y�S\M]G>O:�-YPG/H f v�I6l]v\G�Y�S�OXH&S\O_O�l e v b S\O�I6Y]v��NG/H&S\M]G
�PMPOXYPG6U

� I>S\HaIjY]vT�õG�H-O�� e H	�6G/Y�S�^/IjQRQRv/U
� I&hXO f ^ G(^�O6Y�S\HJO6QRQ GqK f Y�SJG�H��àI6^ GXU f 
 G�
qYPO g O6HJG}YPGqv�SJQ f Y���IjHJO e Y]KL� f S\M7S\G/Q G��PMPO6Y]G@�]IXKPv�U
� e v f Y��uv��mGqIj`XG�H-h6G/H f Am^/IVS f O6Y3S\OÑHJG/vnS\H f ^ S-IX^�^�G/vJv<S\O�S\MPG�IX^�^�O e Y�SJv/U
� f Y�SJG��6HaIVSJGöS\G���S\wÀSJOjw�vT��G�Gq^aM{S\G/^aM]YPO6QRO�� b �õO6H�H\GqI6K f Y��)�àI �_Gqv&IjYmK1G w g I f Qxv�SJOuS\MPG�I6^ w

^ O e Y�SJv � O:�-YPG�HqU
� ��Y�S\G��XHJIjS\GqK)=dG�HJh f ^ Gqv r f � f SaIjQ �CG S �<O6HJ` O �T= r � Q}lmI6v\G/K¢U6^�O g � e SJG�H\wÅv f KdG/K f Y�S\G�H��àI6^�G

S\OÑSJMPGöS\G/Q G��PMPO6Y]G�Q f YPG/v/U
� e v f Y�� ��LS�[I6Y]K{M]IjYmK$�-H f S f Y��uHJG/^�O��6Y f S f OXY3SJO3KdG SJG�H gÑf YPG�S\MPG �àI ��HJG/^ f � f G�Y�SCI6Y]K

vnG/Y]KdG/H-Y]I g G/v-I6Y]K f Y�SJG�H	�PH\G�S�S\MPG�^�O6Y�S\G/YXS-O��ÏSJMPG g G/vJv\I��6G6U
� S\MPG>�mO�v\v f l f Q f S b O��-K f ^ SJIjS f Y��÷IjY G w g I f QÀU
�àI�� OXH�h6O f ^�G g Gqv\vJI��XG7SJO�lmG3KPG�Q f hXG�HJG/K

l b S\MPG CFI s O6HaKdO g GXU
� S\MPGuO:�-Y]G�H�^ O e QRK%I6v\`FI6Y b � e Gqv�S f OXY%I6lmO e S7IjY b v e l s Gq^�S�
���MPG�C÷I s OXHJKdO g G � f Q Q

lPHJO:�&vnG�S\MPG �<G�l{SJO AmY]K1vnO g GöHJG�QRG�hVIjY�S&IjYmvT�<G�Hav�

z e H\S\MPG/H g OXH\GXU f S f vNS\MPO e �6M�SNO��ÇKdG�hXG�QRO�� f Y��7I>^ Q f G/Y�S�v\O��ñS ��IjHJG-S\MmIVS ��G�H gÑf Sav�I6^�^�G/vJv
SJO
C÷I s OXHJKdO g G�OXY�Iuk�� �-t �jk�� C � l]I6v f v/UPv\OÑS\M]IjS&S\MPG f Y$�õOXH g IjS f O6Y�^�I6Y{l�G�HJG SJH f G�hXG/K
�õH\O g IjY���Y�S\G/H\YPG�S&I6^�^�O e Y�S&I6vE�<G�QRQ9
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=_O g GÑh f H\S e I6Q
I6vJv f v�SaIjY�S�vnG/H\h f ^ G/v O 7 f QxK A]HJG c U:t;O6H\S f ^ OXp�Q�I6H\G�l�G f Y���^ O gÑg G�Ha^ f IjQ f y�G/K


��MPG b e vnG �]H\O?�PH f G SaIjH b M]IjHaK$��IjHJG{I6Y]K vnO��ñS �<I6H\G�S\O�l�G÷v\M]IjHJG/K�l b g7e QîS f �PQRG e v\G�Hav�

� g OXH\G f YmK f h f K e I6Q f y�GqK v\O6Q e S f O6Y f vL�PH\O?�mO�vnGqK÷MPG/H\G 	¢I{t�L � f S\M�IjY �T= r � l�OXI6HJK f v
S\MPG gÑf Y fRg7e]g M]IjHaK$��IjHJG�YPG/^�G/vJv\I6H b S\O f Y]v�SaIjQRQ
I � C÷I s OXHJKdO g G � 
 �T= r � �PH\OVh f KdG/vCS\M]G
�PH\O?�mG/H�SJG�QRG��PMPOXYPG f Y�S\G�H��àI6^�GuS\OFM]IjY]KPQ G{v fRg7e Q SJI6YPG�O e v\Q b h6O f ^ G,I6Y]K �àI � ^/IjQRQRv�
 = f Y]^�G
G�h6G/H b vnSJI6Y]KPI6HJK �T= r �[lmO�IjHaK f v&Ijl]Q G�S\OuMmIjY]KdQRG�S �NOu^aM]I6YPYPG/QRv O IjY b ^ O g l f Y]IjS f O6Y{O��
S �NO f Ym^ O gÑf Y��1O6HöO e S��6O f Y1�{^/IjQRQRv3Q�IVSöS\MPG,vJI g G>S fRg G6UÇK f&� G�HJG�Y�S�Y e]g l�G�Hav�IjHJG � f hXG�Y
S\OuSJMPG7K f&� G/H\G/Y�SCvnG/H\h f ^ G/v/U f 
 G?
]OXYPG�Y ePg l�G�H �õOXH f Y]^ O g�f Y��,^/IjQRQRv/U]OXYPGL�õO6H �àI �dG/v&I6Y]K1I
S\M f HJK{OXYPG �õO6H&^ O gÑg7e Y f ^�IjS f O6Y � f SJM1H\G�� f v�SJG�HJG/K e vnG/HJv�

� YPO6S\MPG/HNI6KPhiI6Y�SJI��XG�O��
�T= r � l�OXI6HJKPv f v}S\MPG��àI6^�S(S\M]IjS g7e QîS f �PQRG�I����PQ f ^/IVS f OXY]v}^�I6Y

�XI f Y�IX^�^�G/vJv}SJO7SJMPG g UPv\O7SJM]IVS�S\M]GLCFI s O6HaKdO g G�vnG/H\hXG�HS� f QRQ¢YPOjSE�PHJG�hXG�Y�S<O6S\MPG/H<I����PQ f w
^�IVS f OXY]v@�õH\O g H e Y]Y f Y1�>OXY,S\M]G�vJI g G�^�O g � e SJG�HqU_Q f `6GöK f IjQ w e ��YPG S �<O6HJ` f Y1��O6HS��Y�S\G�HJYPG�S
I6^�^�G/vJv�
?��MPG �T= r � l�OXI6HJK f v �PHJO��XHJI g�g GqK e v f Y���C f ^ HJOXv\O��ñS � f v e IjQÖL��	��
�
 ��t(H\O��õG/vnw
v f O6Y]I6QmI6Y]KÑS\M]GöL � t@��U6SJMPGöLNO gÑg OXY��T= r � � ���PQ f ^/IVS f OXY3t}HJO��XHJI g�gÑf Y��L��Y�S\G�H��àI6^�G6U�I
YPO:� � f KdG/Q b IX^�^ G��dS\GqK�IjY]K �L= f Y]KPG���G�Y]KdG/Y�SövnSJI6Y]KPIjHaK �õO6H�KdG�hXG�QRO�� f Y��3I����PQ f ^/IVS f O6Ymv
�õO6H@�T= r � lmO�IjHaKPv�
���MPG��]H\OXlPQ G g+f v/UXO��¢^�O e Hav\G6UjSJM]IVSNS\M f vNQ fRgÑf Sav C÷I s O6HaKdO g G�SJO>v\O g G
Q O:�<G/vnSN^ O gÑg OXY3KdG/YPO gÑf Y]IVSJO6HqU f 
 G?
6SJM]IVSS�õG/IjS e HJG/vNQ f `XG�^�I6Q Q�HJG/K f H\Gq^�S f OXY gÑf �XMXS<YPOjS�l�G
È<ÌV����Ò�
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I6^�^�G/vJv f lPQRG e v f Y1��S\M f vN` f Y]K,O�� � t@�R
 � Y b ��I b U6S\M f v<I����PHJOXIX^aM f v@�àIjH<lmG�SnSJG�HNS\M]I6Y��-H f Snw
f Y���I)�PH\O?�6HaI g �õOXHCGqvT��G/^ f I6Q Q b OXYPG7^�I6HJK1I6Y]K{S\M e vCQ fRgÑf S f Y��3S\MPG��mO�v\v f l]Q G�GB� ePf � g G/Y�S
O6Y S\M]G,SJI6H��XG S7v\G�HJh6G/H�
 �COFKdGq^ f v f O6Y�M]IXv b G�S7l�G�G�Y g IXKdG3I6lmO e S�S\M]G3QxIjY�� e I��XGÑS\M]IjS
f v��6O f Y��{S\OFlmG e vnGqK �õO6H�SJMPG�^�Q f G�Y�S>v\O��ñS ��IjHJG6U:v f Ym^ G f S g I b l�G3I1h6G/H b ^ OXY�hXG�Y f G�Y�SqU
S fRg G%IjY]K ^�OXvnS3v\Iih f Y�����I b S\O �-H f S\G1SJM f v{^ Q f G�Y�S�v\O��ñS ��IjHJG e v f Y�� W�IihVIPU}l e S{v\O g G
H\GB� e]f HJG g G�Y�SavL�õO6H�SJMPG3^�Q f G�Y�S>I6H\GÑYPO6S b G�S g G S7l b SJMPG3W�IihVI1QRI6Y�� e I��6GXU:v e ^aM�IXv �L=
f Y]KPG���G�Y]KdG/Y�SCI e K f OuHJG/^ OXHJK f Y�� 
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� G S e v�Y]O:� ^ OXY]v f KdG/H�I�^�IXvnG �-MPG/H\G�S\MPG CFI s O6HaKdO g G f v-^�G�Y�S\HaIjQ f y�G/K3IVS�S\MPGöQRG�hXG�Q¢O���I
^ O g �]I6Y b 
���M f v}^�O g �]IjY b O:�-Ymv}I�K f � f SJIjQmt e lPQ f ^ � ^�^�G/vJv�9<HJI6Y]^aM�G
��^aMmIjY��XG O t � 9�� Q
S\G�QRG��]MPO6YPG>v b vnS\G g ^�I��]Ijl]Q G�O���SJHJI6Y]vT�õG�HJH f Y��u^�I6Q Qxv f Y÷^�I6v\G�O��
YPO3H\GqvT��O6Y]v\G�
1�ÅS�vnG�SJv e �
S\MPG C÷I s OXHJKdO g G&vnG/H\hXG�H �PHJO���G�HJQ b OXY,I7t<L�U�I6vJv f �6Y f Y�� f S(SJMPG��]MPO6YPG�Y ePg l�G�H�� �"� �õOXH
f Y]^�O gÑf Y����PMPOXYPG7^/IjQRQRv/U�� �.�5�õOXH f Y]^ O gÑf Y��)�àI � g Gqv\vJI��XG/v&I6Y]K�� ���5�õO6H�^ O g�g>e Y f ^�Ijw
S f O6Y]vS� f S\M e v\G�Hav}SJM]IVS-M]IihXG�I6Y�I6^/^ O e Y�S<OXY,S\MmIVS g I s O6HaKdO g G�vnG/H\hXG�HB
?��Y1I6K]K f S f OXY,SJO
S\M]IjS/U¢SJMPG3t<L f v7^ O6Y]YPG/^ S\G/KFS\O1SJMPG,^ O g �]IjY b � f KdG f YXSJHJI6YPG SB
 � G�S � v�I6vJv ePg G5��G�Hav\O6Y
� ^�I6Q Qxv ��G�HavnOXY��;U1�-MPO,MmI6v&I6Y1IX^�^�O e Y�S&O6Y1SJMPG�C÷I s O6HaKdO g G?
$�&��� f vCI ��I b �õHJO g M f v
�PMPO6Y]G�OXH&KdO_G/v�YPO6S �<I6Y�S<SJOuIjY]v��NG/H/U�SJMPG�t � 9�� O���S\MPG�^�O g �]I6Y b SJHJI6Y]vT�õG�Hav<S\MPG�^�I6Q Q
S\O�� �"�uI:�ñSJG�H�
3S\OXYPG/v�

��MPG�C÷I s OXHJKPO g G � f ^a`dv e �%S\MPG,^/IjQRQÀU � f v�I6v\`6GqKFl b C÷I s O6H\w
KdO g G&SJO � f h6GCM f vNY]I g G�IjY]K�SJMPGCYmI g GCO��¢S\MPG�H\Gq^ f � f G/Y�S�
?��M]GCY]I g GqvNI6H\G�SJG�Y�SJIjS f h6G/Q b
H\Gq^ O��XY f y�G/K%IjYmK f Y ^�IXvnGuO���I g l f � e]f S b UÇvT��G�QRQ f Y�� f v�HJG�� e Gqv�SJG/KM
���M f v f Y$�õOXH g IjS f O6Y f v
e vnGqK S\O%KdG SJG�H gÑf YPG3S\MPG1^ OXH\HJG/^ S7I6^/^ O e YXS>l b v��mG/G/^aM HJG/^�O��XY f S f OXY IjY]K%SJO f Y$�õO6H g �
S\M]IjS�M]G�HJG/^�G f h6GqK3I�^�IjQRQ �õHJO g � 
1�&���÷M]I6v<QRGF�ñSCI �PMPO6Y]G�Y ePg lmG/H<S\O�C÷I s OXHJKPO g G6U�S\M]G
C÷I s OXHJKdO g G�IjSnS\G g �dSJv�SJO{HJG/IX^aMFM fRg OXYFQ f Y]G����.��
 �CS\M]G�H	� f v\G6U
C÷I s O6HaKdO g G>`�Y]O:�&v
�õH\O g S\MPG���YXSJHJI6YPG S��-MPG�S\MPG/H
O6H
YPO6S�� f v
^�O6YPYPGq^�SJG/K�O6YÑI�S\G/H gÑf Y]IjQPI6Y]KÑvnG/Y]KPv
I �<I6H\YPw
f Y��uOXY1S\M]IjS&S\G/H gÑf Y]IjQ
�õO6HC^�O6YPYPGq^�S f OXY{OXY1Q f YPG�� ���1
�� M]IXv�S\MPG/H\G��õO6HJG�S\MPG ��OXvJv f l f Q f S b
O�� g OXY f SJO6H f Y1��SJMPG,K f IjQRO�� e G>l�G S �<G�G/Y � I6Y]K S\MPG�CFI s O6HaKdO g G?
 ��YFSJMPG g G/IjY S fRg G6U
C÷I s OXHJKdO g GöIXvn`dv � S\O,KdG��mO�v f S�I g G/vJv\I��6G?
�� ^�IjY1SaIj`XG e �1S\MPG�^�IjQRQÇIjSCIjY b S f g G�
 �&�
MPG�^aMPO_OXv\G/v<YPO6S<SJO,KdO�S\M]IjS/UdSJMPG�HJG/^ OXHJKPG/K g Gqv\vJI��XG f v �PQxI6^�G/K f Y�S\O�� � v g I f Q¢l�O � 

= f g>e Q SJIjY]G�O e vnQ b U%9�^�O e QxK v\G�Y]K I��àI�� S\OFS\MPG C÷I s OXHJKPO g G,vnG/H\hXG�HqU¢S\M e v�K f IjQ f Y1�

��� �$
�C÷I s O6HaKdO g G3IjSnS\G g �dSJv�SJO A]YmK O e S>SJMPG1vnG/Y]KdG�HuI6Y]K HJG/^ f � f G�Y�SÑY]I g Gqv7O��CS\M]G
�àI�� e v f Y1� ��LS� I6Y]K,M]I6Y]K$�-H f S f Y1�7HJG/^ O?�6Y f S f O6Y�
?�&� f SS�àI f QRv(S\O�H\Gq^ O?�6Y f y�G-SJMPG�H\Gq^ f � f G/Y�S
Y]I g G6U f SöS\HaIjY]vT�õG�Hav�S\MPG �àI��÷SJO{I6YFO?�mG/HJIjS\O6HB
 �&� f SöHJG/^�O��XY f y/G/v�� IXvCSJMPG�H\Gq^ f � f G/Y�S/U f S
v�SJO6HJG/vNS\M]IjS �àI�� f Y�S\O�� � v g I f Q:l�O ��IjY]K3S\H b SJOu^ O6Y�SaI6^�S��÷O6Y{S\M]G f Y�S\HaIjY]G S�

�&��� f v>O e SJv f KdG3S\MPG1^ O g �]IjY b UÏMPG g I b ��IjY�S7SJO ^�I6Q QSC÷I s OXHJKPO g G3IVSÑIjY b S fRg G

S\O I6^�^�G/vJv�M f v g I f Q<l�O ��O6H5�6G�SÑv\O g G�I6Y]v��NG/HJv>Ijl�O e SuIjY b � e G/vnS f O6Y O�� f YXSJG�HJG/vnS7SJO
M f g 
}kCG÷^�IjQRQxv5CFI s O6HaKdO g G�O6Y Q f YPG�� ���1
;kCG f vuIXvn`XG/K�SJO � f h6G{M f vÑYmI g G{I6Y]K�M f v
�]I6vJvT�<O6HaKM
jkCG f v f KdG/Y�S f A]G/KÑl b SJMPG&Y]I g G&IjY]K�h6G/H f A]GqK>l b S\MPG �]H\OXY e Y]^ f IVS f OXY>O��Öl�OjSJM
S\MPG�Y]I g G÷IjY]K S\MPG �]I6vJvT�<O6HaKM
%7 MPG�Y�� �]IXv\v\G/vÑl�OjSJM�SJG/vnS/U@CFI s O6HaKdO g G{SJG�QRQRvuM f g
S\M]IjS�MPG1HJG/^�G f h6G/K IFhXO f ^ G g Gqv\vJI��XG��õH\O g � U}I Y ePg l�G�H�O���G w g I f Qxv�IjY]K�IK�àI � 

kCG
^�IjY{I6v\`�C÷I s OXHJKdO g G-S\O�H\GqI6K�I7v ePgÑg I6H b O��:S\MPG g G/vJvJI��6Gqv
SJO>M fRg U_S\O�H\GqI6K s�e v�S�S\M]G
A]HJvnS&Y1Q f YPGqv-O6H-SJMPG�v e l s G/^ S/U]S\O,KdG/Q G�S\GöS\M]G g G/vJv\I��6G/v<OXH�S\O)�õO6H	��IjHaK�I6Y b O���S\MPG g SJO
vnO g G/O6YPGÑG/QRv\G�
M�&��� ^/IjY%YPOjS e Y]KdG�HavnSJIjYmK÷SJMPGuY]I g GÑO��<S\M]G,vnG/Y]KdG�HqU�� ^�IjY IjQxv\O1IXvn`
C÷I s OXHJKdO g G>SJOFv��mG/Q Q(S\MPG,YmI g G�
�� g I b I6v\` C÷I s O6HaKdO g G�S\OFIjSnSJG g �dS�SJO f Y�SJG�H	�PH\G�S
S\MPGE�àI ��^ OXY�S\G�Y�SB
6k&G&^�O e QxKÑI6v\`�C÷I s OXHJKPO g G(SJOL�õO6H	�<I6HJK7S\MmIVS��àI��>S\O�IL� f h6G/Y>Y ePg lmG/H�




�÷MmI6v<S\M]G �mO�v\v f l f Q f S b O�� g I6` f Y��ÑhXO_^/IjQ¢KPIjSJIjlmI6v\G f Y1� ePf H b S\MPHJO e �XM�M f v CFI s O6HaKdO g G?

��Y �]I6HnS f ^ e QRI6H/U C÷I s O6HaKdO g G g I b lPHJO:�&vnG��õO6H f Y��õO6H g IjS f O6Y O6Y÷SJMPG5��YXSJHJI6YPG S�IjYmK�S\M]G
��YXSJG�HJYPG S e �mOXY�HJG�� e Gqv�SB
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��MPG�v e ^/^ G/vJv�O�� ��Y�SJG�HaI6^�S f hXG �
O f ^ G�=_G/H\hXG�Hav g I b KdG���G�YmKFOXY÷S\M]G>G/H��XO6YPO g b IjY]KFH\O6w
l e vnS\YPGqv\v3O���S\M]G K f IjQRO�� e G�
 � ^�I6Q QRG�H{vnMPO e QxK lmG%IjlPQRG�S\O e v\G÷M f v3Y]IjS f h6G÷QxIjY1� e I��6G
IjY]K S\MPG/H\G��õO6HJG6U}v��mGq^ f Am^{H\Gq^ O?�6Y f y�G/HJv�IjY]K v b Y�SJMPG/v f y/G�Hav g7e vnSulmG÷KdG/h6G/Q O?�mGqK��õOXHÑI6Q Q
QRI6Y�� e I��6Gqv&IjY]KFK f I6Q Gq^�SavCO��
S\MPG5�NOXH\QxKM
 ��MPG7YPG��_Söv\G/^ S f O6Y �PHJO���OXv\G/v�IjYFI����PHJOXI6^aM{SJO
� e SJO g IVS f ^ � IjY�� e I��XG ��Y]KdG��mG/Y]KdG�Y�S = �mG/G/^aM,t(H\Od^ Gqv\v f Y�� O ��� �T=dt Q �-M f ^aM g I b �àI6^ f Q f w
SJIVSJG�v e ^aM1KdG�hXG�QRO�� g G/YXSav(l�OjSJM{IjSNSJMPG�I6^�O e vnS f ^CI6Y]K3Q f Y�� ePf vnS f ^CQRG�hXG�Qxv�
��&O�HJG/vnS\H f ^ S f O6Y
O6Y%S\MPGuhXOd^�Ijl e QRI6H b OXHöS\MPG,v b Y�SJI��%vnMPO e QxK l�G fRg ��OXv\G/K SJO÷I{^/IjQRQ G/H�
:t(H\O?�mG/HöY]I g G/v
H\Gq^ O��XY f S f O6Y f vCO��N^ H e ^ f I6Q fRg �mOXHnSaIjY]^�G �õOXH�I �mG/HJv\O6YmIjQ f Y$�õOXH g IjS f O6Y÷OXH�K f HJG/^�SJO6H b I6vnw
v f v�SaIjY]^�GCv\G�HJh6G�HB
?= ��G�QRQ f Y���^ O e QRKÑl�G e vnGqK f �:Y]G/^ Gqv\vJIjH b SJO>I6^aM f G/h6G&I�v e�� ^ f G�Y�SNQRG�hXG�QmO��
I6^�^ e HaI6^ b 
 =dG/^�S f OXY��1O��(S\M f v�^aM]I��dS\G/H�KdG/I6QRv � f S\M%S\MPGÑHJG/^�O��6Y f S f OXYFO�� �PH\O?�mG/HöY]I g G/v
IjY]K vT��G�QRQ f Y���v�
 ��MPG f KdG/Y�S f Am^�IjS f O6YFO��NI3^/IjQRQ G/H g I b l�G>YPGq^ Gqv\vJIjH b SJO�HJG/vnS\H f ^�S�IX^�^�G/vJv
S\O ��G�HavnOXY]IjQ f Y$�õOXH g IjS f O6Y

���M f vN^ O e QRK�l�G�KdOXYPG-G��$�PQ f ^ f SJQ b l b HJG�� e Gqv�S f Y1��IöY]I g GCI6Y]K
�]I6vJvT�<O6HaKuIjYmK fRg �PQ f ^ f S\Q b �õHJO g SJMPG�v���G�G/^aM{v f �6YmIjQ �PHJO_K e ^ GqK,l b S\MPG�^/IjQRQ G/H�
 ��MPG �CIVw
S f O6Y]I6Q�=_G/^ e H f S b � �XG�Y]^ b O � = � Q f Y1SJMPG�;CY f SJG/KK=�SaIVSJG/v&MmI6v g IjYmKPIVSJG/K{S\M]G �CIjS f O6Y]I6Q
��Y]v�S f S e S\GFO���=�SJI6Y]KPI6HJKPvuI6Y]K �ÇGq^aMPYPOXQ O?� b O � �T=$� Q�SJO O6H	�XI6Y f y�G1IjYPY e I6Q&G�hVIjQ e IjS f O6Y
^�I g �]I f �XY]v&^�O6Y]^�G�HJYPG/K � f S\MFv��mGqIj`XG�H&hXG�H f Am^/IVS f OXY

1��MPG�QxI6vnS�v\G/^ S f O6Y�O��;SJM f v�^aM]I��dS\G/H
H\G��mOXHnSav
O6YuO e H@�]I6HnS f ^ f �mIVS f O6Y�SJO�S\M]G/v\G&G�hVIjQ e IjS f O6Y]v e v f Y���v\O g G&O��¢S\MPG ��� �T=dt�S\O_O6Qxv�
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� e SJO g IVS f ^ � IjY�� e I��XG ��YmKdG���G�Y]KPG�Y�S5= ��G�Gq^aM t}HJO_^�G/vJv f Y�� O ��� �T=dtSQ�I6KPI��dSJv�I6Y]K�I��Pw
�PQ f G/vLC÷IX^aM f YPG � G/IjHJY f Y��3I6Q �XO6H f SJM g v-S\O3S\MPG�= ��G�Gq^aM IjYmK �CIjS e HaIjQ � I6Y�� e I��6G AmG�QxKPv�

�ÅS f v�I6vJv ePg G/K�SJM]IVS7I6Y I e S\O g IjS\OXY ^�I6Y QRG/I6H\Y �õH\O g G��PI g �PQRG/v�
ÏLNM f QRKPH\G/Y%IX^�� ePf H\G�I
QRI6Y�� e I��6G �õHJO g f Y�S\G�HaI6^ S f O6Y]v@� f SJM3O6S\MPG/H<^aM f QxKdH\G/Y3IjYmK,I6K e QîSav�
$��MPG b KPO7YPO6S<YPG/G/K,I6Y
G��$�PQ f ^ f S�QxIjl�G�Q f Y1��O��<S\MPG3K]IVSJI�SJMPG b H\Gq^ G f hXG�
 ��Y I1v fRgÑf QxIjH ��I b U ��� �T=dt v\MPO e QRK K f v�w
^ OVh6G/H�S\MPGCvnS\H e ^ S e HJG-O��¢vT��G�Gq^aMuIjY]K�Y]IjS e HaIjQdQxIjY�� e I��XG/v��õHJO g QxIjH	�6G-^�O6H	�mOXHJI�O��¢vT��G�Gq^aM
v f �6Y]I6Q:IjY]K3S\G��_SJv�

= �mG/G/^aM f v�I7^�O6Y�S f Y e O e v<v f �XY]IjQmS\O5�-M f ^aM3vnO g G �õO6H g O���v b g l�O6Q f ^&HJG��PHJG/v\G�Y�SJIjS f O6Y

g7e vnS�l�G>IXv\v\Od^ f IVS\GqKM
 � G�� f ^�IjQ e Y f SJv O �<O6HaKPv3Q-vnG/G g S\O�lmG�I e v\GF� e Q�QRG�h6G/Q�^�O gÑg O6Y1SJO
vT��G�Gq^aM I6Y]K Y]IVS e HJI6Q-QRI6Y�� e I��6G �PHJOd^ G/vJv f Y�� 
 7 OXHJKPvu^/IjY lmG÷KPG/vJ^ H f l�G/K f Y�SJG�H g vÑO��
v g IjQRQRG�H e Y f SJv�
 � f Y�� ePf vnSJvöMmIih6G5�PH\O?�mO�vnGqK�SJMPG��PMPOXYPG g GuI6v�SJMPG)�õO6H g IjQ e Y f S�S\O�K f v�w
S f Y�� ePf v\M3I � gÑf Y fRg IjQ �]I f H � O��
�NOXHJKPv O SJMPG��PHJO6Y e Ym^ f IVS f O6YuO��¢S\MPG! }Y1�6Q f v\M��NOXHJK]v � S\G�G � U
� ��G/I � U � `XG b � U � lmG/G � U � g G � U � �õG�G � U � vnG/G � U � �NG � K f�� G�Hav f YuSJMPG f H f Y f S f IjQ �]IjH\S3QF
<��M]G��PHJO6lPQRG g
f vCS\M]IjS"�PM]O6YPG g Gqv f YFK f&� G/H\G/Y�S�^ OXY�S\G��_Sav&G��dM f l f S�K f&� G�HJG�Y�S�I6^�O e vnS f ^�^aM]I6HJIX^�SJG�H f vnS f ^�v�

7 G �PHJO���OXv\GuS\O A]Y]K I vnG�S>O��CvnG�� g G�Y�SJI6Q e Y f SavÑI e SJO g IVS f ^/IjQRQ b �õH\O g H\Gq^ O6HaK f Y��Xv�O��
^ O6Y�S f Y e O e v�v��mG/G/^aM

 ��MPG/v\G e Y f Sav>I6H\GuG/hiI6Q e IVS\GqK f Y S\MPG{^ O6Y�SJG��_S7O��&I�hXG�H b QRO:��l f S
HJIjS\G�^ OdKdG/H O v\G�G =_G/^ S�
 �1
 � QR

�}IjH f I6lPQ G�QRG�Y��6S\Muv\G�� e G�Ym^ G g O_KPG�Q f Y�� f v}IL�XG�YPG/HJI6Q_S\O_O6Q_SJO�K f vJ^ OVhXG�H;HJG�� e QRI6H f S f G/v f Y

v�SJH f Y��Xv<O��Ïv b g lmOXQRv�
 7 G A]Hav�S f Y�S\HJO_K e ^ G�S\M f v<S\Gq^aMPY f � e G�IjY]K�v e �?�6Gqv�S f Sav-I����]Q f ^�IjS f O6Y
IVSCK f&� G/H\G/Y�S�QRG�hXG�Qxv�O��
vT��G�Gq^aM{I6Y]K�QRI6Y�� e I��6G �PHJO_^�G/vJv f Y�� 
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C�OXvnS7I����]Q f ^�IjS f O6YdwÅO6H f G/Y�S\G/K g OdKdG�Qxv�O��<QxIjY�� e I��XG)�PH\Od^�G/vJv f Y��1H\G/Q b e ��O6Y I÷^�O gÑg O6Y
H\G��PH\GqvnG/Y�SJIVS f OXY�O���Q f Y�� ePf vnS f ^�KPIVSaIPU e v e I6Q Q b SaIj` f Y��ÑS\MPG �õO6H g O��
v\G�� e G�Ym^ G/v&O�� �PH fRgÑf w
S f h6GCK f vJ^ HJG S\G&v b g l�O6Q f ^ e Y f Sav�
$= b Y�SJIX^�S f ^�I6Q]IjYmIjQ b v f v}KdG/^�O g ��OXv\G/v
v\G�� e G�Ym^ G/v(O�� �NOXHJK]v
f Y�S\O�M f G/HJI6HJ^aM f ^�I6QdvnGB� e G�Y]^�G/v
O��Öv b YXSaI�� g IjS f ^�^�IVSJG��XO6H f Gqv�U g O6H	�PMPOXQ O?� f ^�IjQdI6Y]IjQ b v f v
KdG w
^ O g ��OXv\G/v�v\G�� e G�Ym^ G/v<O����PMPOXYPG g Gqv�O6H�Q G�SnSJG�Hav O �<O6HaK��õO6H g v	Q f Y�S\OuvnGB� e G�Y]^�G/v<O�� g O6H\w
�PMPG g Gqv�U¢G�SJ^�

��M]G/v\G Oàg�f Y fRg IjQ8Q e Y f SJv�IjHJG>IXv\v ePg G/K÷S\O1l�G5�]H\OVh f KdG/KFl b SJHJIXK f S f O6Y]I6Q
Q f Y�� e]f vnS f ^�KdG/vJ^ H f �dS f O6Y]v�

��MPG g7e QîS f �XHJI g g OdKdG�Q � 
0���PHJO g O6S\G/v"� ePf SJG7I,K f&� G�HJG�Y�S�h f G�� 	PSJMPG>v\G�� g G�Y�SJIjS f O6Y
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��MPG'�]O:��wÅ^aMmIjH\S � f hXG�Y f Y�z f � 
6�,vnM]O:�&v�M]O:�+KPIjSJIVw�KdH f hXG�Y%KdG�H f hXG/K%^ OdK f Y�� e Y f SJv

O LS;"Q�I6H\G�O6ldSaI f YPG/K e v f Y�� I�SJHJI f Y f Y�� ^ OXH�� e v�
%7 f SJM SJMPG/v\G e Y f SJv/UÏSJMPG{S\Gqv�Su^ OXH�� e v
f v{G�Ym^ OdKdG/K l b IjQ f �XY f Y1� S\M]G%KPIjSJI � f SJM k"CKC÷v1IjYmK S\M]G G � ^ f G/Y]^ b O��>^ OdK f Y�� f v
G�hVIjQ e IVSJG/K�l b S\M]G{IihXG�HaI��6Gul f S�HJIjS\G���� Oõf Y l��mv	Q>v e ���mO�v f Y�� e Y f �õO6H g G/Y]^ OdK f Y�� O��
vnGB� e G�Y]^�G f YmK f ^�G/v�
�t(H\O�vnOdK b f Y$�õOXH g IjS f O6Y f v(YPO6S}SJI6`6G/Y f Y�S\O>I6^�^�O e Y�SNI6Y]Kuv b Y�SJMPG/v f v f v
KdO6YPG e v f Y��ÑH\G��PH\GqvnG/Y�SJIVS f hXG/v�KdHaI �-Y��õHJO g SJMPGöS\HaI f Y f Y��u^ OXH�� e v�
� �$��G�H f g G/YXSaIjQ:v\G S e �
IjY]K�HJG/v e Q SJv�IjHJG7v e]g�g I6H f y�GqK f Y �ÏI6l

1�?
1��Y�SJMPG A]HJvnS�^/I6v\G6UmS\MPG�v b Y�S\MPGqv f v ��I6v�KdO6Y]G
l b I,v f g �PQRG>^�O6Y]^/IVSJG�Y]IjS f O6Y1O��}HJG��PHJG/v\G�Y�SaIVS f h6G�v f �XY]IjQxv�
1��Y89<OXvnS\OXYK;&Y f h6G/HJv f S b O 9E;"Q
G��$�mG/H fRg G�Y�SJv/UÖS\M]G,v b Y�S\MPGqv f vL��I6v � t�L(w½lmI6v\G/K e v f Y��{S\MPGuOXH f � f Y]I6Q �]H\O�vnOdK b 
M��Y%l�OjSJM
vnG�SJv�O��
G��$��G�H f g G�Y�Sav�UmS\MPG>H\Gqv e QîS f Y���vT��G�Gq^aM �<IXv �õO e Y]K f YXSJG�QRQ f � f lPQRG6U�l e S�S\MPG)� e IjQ f S b
f v�v f �6Y f Am^/IjY�S\Q b �NOXHJv\GÑS\M]I6Y��õO6HÑ^ OdKdGq^�v>IVS�v\G�hXG�HaIjQ}`_l��mv�
 r G�SJI f Qxv>I6Y]K�v��mG/G/^aM�A]QRG/v
^�IjY{l�GL�õO e Y]K f Y � � ���ÏIjYmK f SJv-HJG�QxIVSJG/K 7 G/ldw&�]I��XG�
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��MPG"�]MPO6YPG�S f ^�I6Q f �6Y g G/Y�SJv<IihiI f QxIjl]Q G"� f SJM3SJMPG 9E; ^ OXH�� e vNI6Q QRO:�NGqK e v(S\O f Y_hXG/vnS f �XIVSJG
S\MPGC^�O6HJH\GqvT��O6YmKdG�Y]^�GNO�� �]MPO6YPGqv}IjYmK ��� �T=dt e Y f SJv�
���MPG/v\G&IjQ f �6Y g G�Y�Sav��NG/H\G�OXldSJI f YPGqK
IVS 9E; e v f Y��FI÷v\G�� g G�Y�SJI6QNk�C C H\Gq^ O?�6Y f y�G/H�^ O6Ymv�SJHJI f YPGqK%l b ��OXvJv f lPQRG>�PHJO6Y e Y]^ f Ijw
S f O6Y]v7O�� e S\S\G�HaIjYm^ G/v � � � �&
���Y O e H>^�O g �]I6H f vnOXY:U¢SJMPG�I6Q f �6Y g G/YXS�A]Q Gqv � f S\MPO e S>MmIjY]K_w
^ O6HJHJG/^�S f OXY]vE�<G�HJG e vnGqKM
Öt}MPOXYPG S f ^�I6Q f �6Y g G/YXSav �<G�HJGöSJI6`6G�Y�IXv&HJGF�õG�HJG�Ym^ G�IjYmK ��� �T=Pt
vnG�� g G�Y�SJIjS f O6Y]v O QxI6vnS �6G/YPG�HaIVS f OXYFk�CKC Q��<G�HJGÑ^ O g �]I6H\GqK÷I���I f Y]vnS�SJMPG g 

��MPG g G/Ijw
v e HJG�O��Ö^ O6HJHJG/v��mOXY]KdG�Ym^ G@��I6vÏSJMPG-H\G/QRIjS f h6G<OVh6G/H\QxI�����O�� ��� �T=Pt e Y f S � f S\MÑI �PMPOXYPG g G�

��MPGöH\Gqv e Q SJv-I6H\Göv ePgÑg I6H f y�GqK f Y{IÑ^�O6Y$� e v f O6Y g IjS\H f � � O#��� � ��� Q U��-MPOXv\G�G�QRG g G�Y�SJv
IjHJGöKPGFA]YPGqK

� ��� � � �"! #
�%$�&
	�� T � O(' ��) � � � Q* O+' � Q � O � Q

�-MPG�HJG � � IjY]K � � IjHJG�HJG/v��mGq^�S f h6G/Q b SJMPG�v f y�G/vCO��@�]MPO6YPG g G>IjYmK ��� �T=dt e Y f S�K f ^�S f Ojw
Y]IjH f Gqv�U ' � f v�S\MPG-,½wÀSJM �]MPO6YPG g G6U � � f v�SJMPG�.6wÀSJM ��� �T=dt e Y f S/U * O+' �&Q f v�S\MPGu^�O e Y�SöO��' � f Y�SJMPG�^�O6H	� e v>IjY]K/� O+' � ) � � �BQ f v7S\MPG{HJG�QxIVS f h6G3OVh6G�HJQxI�� O��10�w½S\M O_^/^ e HJHJG�Y]^�GuO�� ' �
� f SJM ��� �T=dt e Y f S � � 
1��M]G�^ O6Q ePg Y]v-O�� � I6H\G�HJG/IjHJHaIjY��XG/KÑSJOuQ G�S-S\MPG g IjS\H f �3MmIih6GöI
� e I6v f w�K f I��6OXY]IjQ1�õO6H g32 I6Y]KuSJMPG�HJG/v e Q S f Y�� g IjS\H f � f vS� f h6G�Y f Y{z f � 
���
 ��Y�^ OXY�S\HaIjH b SJO
9S;5IjQ f �XY g G�Y�SJv/U
�-MPG/H\G3vnS\HJG/vJv\G/K%h6O:�<G�Qxv�IjHJG,K f&� G/H\G/YXS f IjS\GqK �õH\O g�e Y]vnS\HJG/vJv\G/K O6Y]G/v/U
�NG e v\G/K�S\M]G�O6H f � f Y]I6QM�E� C � � �]MPO6YPG g Göv\G SB

� Q S\MPO e �6M SJMPG/v\GuG��$��G�H f g G�Y�Sav7v\MPO:�NGqK I�^ O6HJHJG�QxIVS f O6Y%O�� �PM]O6YPG g Gqv�IjYmK ��� �T=Pt

e Y f SJv/U;I6Y ��� �T=dt HJG/^�O��XY f S f OXY v b vnS\G g vnMPO e QxK�YPOjS�lmG{l]IXvnGqK�O6Y K f HJG/^ S5�PM]O6YPG g G54
��� �T=Pt g I���� f Y�� 
��ÅSE�NO e QxKÑlmG g OXH\GCG � ^ f G�Y�S(SJO7HJG��PHJG/v\G�Y�S}SJMPG&SaIjH	�6G�SNK f ^�S f O6YmIjH b IXv
�PH\OXl]Ijl f Q f vnS f ^�^ O g l f Y]IVS f OXY]v�O��ÖvnGB� e G�Y]^�G/v;O�� ��� �T=dt e Y f SJv�
���MPGE�NOXH\`�O��Öz e `VI6KPI �	�76��
O6Y �PMPOXYPG g G,IjYmK �<O6HaKFlmI6v\G/K I e SJO g IVS f ^/IjQRQ b KPG�H f hXG/K vnG�� g G�Y�S e Y f S>^�O g �mO�v f S f O6YÇU
IjY]K r G�Q f �6YPG � v s O f Y�S g7e QîS f �XHJI g v�� �.� ��l]H f Y�� f Y�S\G/H\Gqv�S f Y�� f Y]v f �6M�SJv(O6YuSJM f vNHJG��PHJG/v\G�Y�SJIjw
S f O6Y
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 � ���Öý �Nú���û��ný(ú5ý
� �FüPý � �:ü�� � � � $ �
úCþ ! � �������nú �

� ��� �=#:��)0� /���� � � �3#
� e SJO g IVS f ^�H\G�S\H f G/hVIjQ]O��:Y]I g Gqv �õHJO g S\M]G f HS�]H\OXY e Y]^ f IVS f OXY,IjY]K,v���G�QRQ f Y�� f v�I ��O�� e QRI6H
S\O�� f ^ f Y1v���G�G/^aM{HJG/^ O?�6Y f S f O6Y�
<�ÅS f v&IjQxv\O�I�`6G b �PHJO6lPQRG g �õOXH �P� ={v f Y]^�G g I6Y b I6v��mGq^�SJv
O��ÇI7v b v�SJG g Q f `6G C÷I s OXHJKPO g G O v\G�G�vnGq^�S f O6Y ��Q}^�H f S f ^�I6Q Q b H\G/Q b O6Y f SJv<Ijl f Q f S b SJO7M]I6Y]KdQRG
�PH\O?�mG/H7Y]I g G/v �]H\O?�mG/H\Q b 
Çz]O6H f Y]vnSJI6Y]^ GXU:SJMPG f KdG�Y�S f Am^/IVS f OXY��PH\Od^�G/K e HJG,HJG�� ePf H\GqvöS\M]G
H\Gq^ O��XY f S f O6Y O��CS\M]G{O:�-Y]G�HÑI6^�^�O e Y�S � v>Y]I g G.� g I f Q�HJG/IXK f Y1� HJG�� ePf H\Gqv�SJMPG�Ijl f Q f S b SJO
e SnSJG�HCIX^�^ e HJIjS\G�Q b Oõf Y�S\G/Q Q f � f l]Q b QNS\M]G�vnG/Y]KdG�H � v�Y]I g G6UM
�
�
�

C÷IjY b v�S e K f G/v�IXKPKdHJG/vJv&SJMPG)�PH\OXlPQRG g O���IjQ �PM]Ijl�G SöHJG/^ O?�6Y f S f O6YÇU �-M f ^aM f vö`_YPO:�-Y

S\O3l�GÑI3K f � ^ e Q SöSJI6v\`1lmGq^�I e vnG>O��(IX^ O e v�S f ^>v fRgÑf QxIjH f S f Gqv&l�G S �<G�G/Y v\O g G7QRG S\S\G�Hav O G�
 �1

S\MPGL�<G�QRQîwÅ`_YPO:�-Y� 
w�v\G S f Y  }Y��XQ f vnM QR
 7 MPG�Y �<O6HJ` f Y�� � f SJM3SJG�QRG��PMPOXYPGL� e IjQ f S b v��mG/G/^aM:U
S\MPGu^ OXY$� e vJIjl f Q f S b l�G S �<G�G/YFQRG SnSJG�Hav f Ym^ HJG/I6v\G/v�KdHaI6vnS f ^�I6Q Q b 
ÖzPOXH�G��PI g �PQRG6UÇLNO6QRG 0 #"( <��
�PH\GqvnG/Y�S\G/K�G��$��G�H f g G/YXSavS� f SJM�SJG�QRG��PM]O6YPG�v��mG/G/^aM �õO6H�S\M]G�HJG/^�O��XY f S f OXY3O��� }Y1�6Q f v\M�I6Y]K
zPHJG�Y]^aM,I6Q �PMmIjl�G SJv � ���½U:� � 6��&
 � G S\S\G�Hav/UXv\G��]I6HJIjS\G/KÑl b �]I e vnGqv�U�IjHJGCvnG�� g G�Y�SJG/KuIjYmK�S\MPG/Y
^ QxI6vJv f A]G/K e v f Y1�1I C e Q S f w � I b G/H�t;G�Ha^ G��PS\HJO6Y O C � tSQ � f SJM �]MPO6YPG�S f ^ �õG/IVS e HJG/v�

C�O6HJG
H\Gq^ G�Y�SJQ b U(k f KPKdG/Y C÷IjHJ`6OVh C÷O_KPG�Q O k�CKC Q,l]I6v\G/K g G SJMPOdKPv,MmIih6G1lmG/G�Y �PHJO���OXv\G/K:U
I6v f Y � ��� �(I6Y]K � �.� � �-MPG�HJGÑQ G�SnSJG�H g OdKdG�Qxv�IjHJG e vnGqKM

��MPG5A]Hav�S�vnS e K b ^ O g �]I6H\Gqv�K b w
Y]I gÑf ^(S f g G ��IjH	� f Y�� O r � 7 Q;IjY]KÑk�C C lmI6v\G/K>Q G�� f ^�I6QPvnGqIjHa^aM>vnS\HaIVSJG�� f G/vÏSJO�HJG SJH f G�hXG



Y]I g G/v �õH\O g Y]IjS e HaIjQ(v���G�QRQ f Y��1
�k�CKCBlmI6v\G/K%Q G�� f ^/IjQ(v\G/I6HJ^aM ^�I6Y IjQxvnO1l�G3vnG/G�Y�I6v7I
r � 7 �-M]OXv\G f Y]vnG/HnS f OXY:U_KdG�QRG S f OXY3IjY]K3v e lmv�S f S e S f O6Y{^ OXvnSJv<IjHJG&QRG/I6H\Y�S@�õHJO g SJMPGCSJHJI f YPw
f Y���KPIVSaI�
 ��MPGövnGq^ O6YmK,v�S e K b f v(lmI6v\G/KuOXY3I g>e QîS f wÅQRG�h6G/Q�^�QRIXv\v f Am^�IjS f O6Y�� f S\M{I �-wÅl�G/vnS
I����PHJOXIX^aM:U e v f Y�� r � 7"I6Y]K�I�HJG/vnS\H f ^�S\GqK��XHJI gÑg I6H��õOXH
Q G�� f ^/IjQPv\G/IjHa^aM

:��MPGqvnG-vnS e K f G/v
MPO:�NG/h6G/H��àI f QPSJO>I6K]KdH\Gqv\v(I�Y ePg l�G�H<O��M�PHJO6lPQRG g v}S\M]IjS<IjHJGC^�H f S f ^�I6Q f Y,S\MPG"�mG/HJv��mGq^�S f hXG
O��¢H\GqIjQPI����PQ f ^/IVS f O6Ymv�
6z f HJvnS/U6S\MPG b �XH\GqIVS\Q b e Y]KdG�HJG/vnS fRg IVSJG�S\MPG&hVI6H f Ijl f Q f S b O6l]v\G�HJh6GqK f Y
H\GqIjQ w½Q f �õG>vT��G�QRQ f Y���v�
M=_G/^�O6Y]K:U �PM]O6YPG�S f ^�`_YPO:�-QRG/K$�XG f v g I f YPQ b e v\G/K�S\O fRg �PHJOVh6G�QRG S\S\G�H
K f vJ^ H fRg�f Y]IjS f O6Y7l e S
YPOjS �õO6H�SJMPG�Q G�� f ^�I6QdI6^�^�G/vJv�
iz f YmIjQRQ b UiS\MPG�Y]I g G f SJv\G�Q � Oõf 
 G�
iS\M]GS�]H\O6w
Y e Y]^ f IVS f OXY7O��]S\MPG<Y]I g G Q f v;I�v\O e HJ^�G}O�� f Y$�õOXH g IjS f O6Y �õOXH�YmI g GNHJG SJH f G�hVI6Q�I����PQ f ^/IVS f O6Ymv
S\M]IjS&M]I6v�HaIjHJG�Q b lmG/G�Y e v\G/K O v\G�GöMPO:�<G�hXG�H � �.
�� QR

��Y,S\M f v�v\G/^�S f OXY��<G��PHJG/v\G�Y�S-I7v b vnS\G g �õO6HNS\MPG�HJG/^ O?�6Y f S f O6YuO����PHJO���G�H<Y]I g Gqv �õHJO g

S\MPGL�PHJO6Y e Y]^ f IjS f O6Y{IjY]K�vT��G�QRQ f Y�� 
���MPGöH\Gqv e Q SJv<HJG���O6H\S\GqK,MPG/H\GöIjHJG�KPG/vJ^ H f l�G/K f Y g O6HJG
KdG SaI f QRv f Y � ������I6Y]K � � ���&
�=_G/^ S f O6Y � 
 ���]H\GqvnG/YXSav7I6Y OVh6G/H\h f G���O��-S\M]G�v b vnS\G g �-MPG�HJG
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Q G�SnS\G/HJv3Q�U]O_^/^ e HJHJG�Y]^�G/v<O��;IjG�HJO6YmI e S f ^ w½Q f `XG�v���G�QRQ f Y��Xv/UdG�� 
6;B( < / 21(�� H (:I:% � � � A U]G�SJ^�

� v e l]v\G SÑO��-S\M]G{KPIjSJI6l]I6v\G f v e v\G/K:U�^�O6Y�SJI f Y f Y��,���6U �.� ��vT��G�Gq^aM v\G�� g G/YXSav �õHJO g

�PU � � �1v��mGqIj`XG�Hav�
���M f v>v e lmvnG�S ��I6v�K f h f KPG/K f Y�S\MPHJG�G�^ O6H	��O6HaI�

��MPG>A]HJvnS7OXYPG f v7S\M]G
S\HaI f Y ^ OXH�� e v�U�^ OXY�SJI f Y f Y�� 
PU � � � v\G�� g G�Y�SJv>�õH\O g �PU ��� ��vT��G/I6`6G/HJv�
 ��MPG%HJG g I f Y f Y��
f SJG g völmG/Q OXY��XvCS\O�S\M]G>SJG/vnS�^ O6H	� e v/U �õH\O g �-M f ^aM%I�v���G/^ f IjQ
v e l]v\G SqUmSJMPG ;B, < 0 (:7 A SJG/vnS
^ O6H	� e v/U f v�G��_SJHJIX^�S\GqKM
M��M f v ; , < 0 (�7 A S\Gqv�S�^ OXH�� e v�^�O6Y�SJI f Ymv&SJMPG f S\G g v �õO6H �-M f ^aM S\M]G
vT��G�QRQ f Y��C^�O6Y$�õOXH g vÖSJO&SJMPG ;\vnSJI6Y]KPI6HJK A v���G�QRQ f Y��C^�O6Y_h6G/YXS f OXY]v�
F��MPG ; , < 0 (�7 A S\Gqv�S;^ OXH�� e v
^ O6Y�SaI f Y]v 
PU � ��
1v\G�� g G/YXSav �õHJO g �PU � � 
{vT��G/I6`6G/HJv/UÏ^�O6HJH\GqvT��O6Y]K f Y��1SJO �]U ��
 ��K f&� G/H\G/Y�S
Y]I g G/v�IjY]K f v e v\G/K SJO G�hVI6Q e IjS\G�SJMPG � e I6Q f S b O���I6^ O e vnS f ^ g OdKdG/Q f Y�� 
Nz f YmIjQRQ b U}S\M]G
G�Y�S f H\G�^�O6H	� e v-^ OXY�SJI f Y]v �PU � 6 ��YmI g G/v�


�������%$�� ��� /%4 ��� /%� #�� ��MPG3I6^�O e vnS f ^,KdGq^ OdK f Y��K� f S\MPO e S>QxIjY1� e I��6G g OdKdG�QNO6H A��_GqK
S\HaIjY]v f S f OXY ��G�YmIjQ S b � f h6Gqvöh6G/H b ��O_O6H�HJG/v e Q SJv/U:vT��G/^ f I6Q Q b IjS�SJMPG��PM]O6YPGÑQRG�h6G/Q+
���Y]KdG�GqK
�õO6H�S\MPG5�PMPOXYPG/v��NG>M]Iih6G�IjYFIX^�^ e HJIX^ b O���� � 
 �,OXY�S\M]G7SJHJI f Y f Y��{^ O6H	� e v��-M f ^aMFKdHaI6vnw
S f ^�IjQRQ b KdGq^ HJG/IXvnGqv�S\O�w 6�
 
�O6Y SJMPG3^ QRG/I6Y%S\G/vnS�^�O6H	� e v�
���MPG,HJG/^�O��XY f S f OXY O��-Q G�SnS\G/HJv f v
g7e ^aM g O6HJG�HJG�Q f IjlPQRG�v f Y]^ G�SJMPG�I6^/^ e HaI6^ b f v 6 ��
 
�OXY3SJMPG�^ QRG/I6Y3SJG/vnSC^ O6H	� e v�
1=_O)�<G/Ij`
�mG/HT�õOXH g IjYm^ G/v�IjHJG7K e G>SJO,SJMPG>M e �XG�I g O e Y�S�O�� f Y]vnG/HnS f OXY]v�
 ��Y O6HaKdG�H�S\O�H\GqK e ^ G>S\M]G
Y e]g l�G�H-O�� f Y]v\G�H\S f O6Ymv�U�S\M]GLA �dG/K3S\HaIjY]v f S f OXY3QRO��6w9�PHJO6lmIjl f Q f S b ' ��I6v f Y�S\HJO_K e ^ GqKM
dz f �jw
e H\G � �PQROjSJv�SJMPG,^ OXH\HJG/^ S�HJG/^ O?�6Y f S f O6YFHJIjS\G/vöI6Y]K÷SJMPGuI6^/^ e HaI6^ b IXvöI>� e Y]^�S f OXY O��(S\M]G
A �dG/K �PHJO6l]I6l f Q f S b ' 
���M]GuY]I g GuHJG S\H f G�hVIjQ}HaIVSJG f v�I6QRv\O��PQROjSnSJG/K�I6Y]K f S>^/IjY lmG,v\G�G/Y
S\M]IjS/U�S\MPO e �6M S\MPG �PMPO6Y]G�I6^/^ e HaI6^ b v f �6Y f Am^�I6Y�S\Q b f Y]^ HJG/IXvnGqv�UÇS\MPG�Y]I g G�H\Gq^ O��XY f S f O6Y
HJIjS\G�KPO�Gqv�YPOjSÑH\GqIjQRQ b fRg �]H\OVhXG�
 ��M f v f v�G��$�PQxI f YPG/K�l b SJMPG>�àIX^�S�S\M]IjS>SJMPG1^ OXvnSJv �õOXH
S\MPG�K b Y]I gÑf ^�IjQ f �XY g G�Y�SCO���S �<O)�õO6H g vCI6H\G�QRG/I6H\YPGqK1O6Y1SJMPG�SJHJI f Y f Y��,^�O6H	� e v�
��ÅS�I6QRv\O
�mO f Y�SJv�O e S>SJM]IVSÑSJMPG3SJG/^aMPY f � e G��-M f ^aM�^�O6Y]v f vnSJv f Y KdG�S\G/H gÑf Y f Y1�FSJMPG{v e l]vnS f S e S f O6Y:U
f Y]v\G�H\S f O6Y IjY]K KdG/Q G�S f O6Y�^�OXvnSJv f vÑG � G/^�S f hXG�
 ��MPG e v\G{O���I l f �6HaI g QxIjY�� e I��XG g OdKdG�Q
f Y]vnS\GqI6K3O���I�A �dG/K,S\HaIjY]v f S f O6Y>�]H\OXl]Ijl f Q f S b ��I6v<IjQxvnO>S\Gqv�SJG/K3I6Y]K�H\Gqv e Q SJv<IjHJG�H\G��mOXHnSJG/K
f Y�z f � 
 ���-MPG/H\G�S\M]G �PMPO6Y]G�IjY]K{QRG SnSJG�HCIX^�^ e HJIX^ b I6H\GöHJG���O6H\S\G/K>�õO6H&v\G�hXG�HaIjQ¢hVIjQ e Gqv�O��
S\MPG�� e K$�6G)�àIX^�S\OXH �?
 9<G SnSJG�H7IX^�^ e HJIX^ f G/vöIjHJGuO6lPSJI f YPGqK � f S\M SJMPG � C SJM]IjY � f S\M S\M]G
A �dG/K)�PHJO6l]I6l f Q f S b l e SNYPO�H\GqIjQ]K f�� G�HJG�Y]^�G f v(O6l]v\G�HJh6GqK>IjS
S\MPGCY]I g G-HJG/^ O?�6Y f S f O6Y�QRG�h6G/Q+

�ÏI6lPQ G'�)� f h6Gqv<S\MPG>H\Gq^ O��XY f S f O6Y1HJIjS\Gqv&IjY]K{SJMPG7IX^�^ e HJIX^ f G/vS�õO6HCS\MPG7O��dS f g IjQÏhVIjQ e G/vCO��
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����� è��]è r Gq^ OdK f Y���IX^�^ e HJIX^ b O6YöSJMPG(SJHJI f Y>^ O6H	� e vÏI6vÏI � e Y]^ S f O6Y>O��dS\M]G@A �dGqKöS\HaIjY]v f S f O6Y
Q O?�jw&�PH\OXl]Ijl f Q f S b '

� æXâ���� �]è �(�a«aÊ/Ýqª�£���£¥ÊqªÑ�n� ����éñ£¥ª��öð ���/«a«a�6�n�/«JÎ>ËxÊ��NÒXÌ�Ê/ª��a¤(�/ª�¦>�¥�J�����J��¤
ÒXÌ�Ê/ª��a¤ �¥�J�����J��¤

� ���
¨ ��� � 	 �

� � ���
¨ ��� � 	 �

�
���n��£îª � �6ï   ���6¨qï � � �6ï   � � ¨/ï � �q jï � �/�/�6ï   �7�6ï � ���/�6ïî¨
«a�¥����ª����a¤Å� � �jï ���/ ��Xï � �/�6ï ��� � � ï � �i�Vï � � � �6ï � �/�6ï � ���6¨/ï �

��IjY]K ' O6Y,SJMPG�S\HaI f Y f Y���I6Y]K{^ QRG/IjY3S\Gqv�S&^ OXH���O6HaI�
<��Y3GqI6^aM{^ G�QRQ¢O��ÏS\MPG�SaIjlPQRG6U�S\M]G�QRGF�ñS
A1� e HJGC^�O6HJH\GqvT��O6Y]K]v;S\O�SJMPG�H\Gq^ O��XY f S f O6YÑHJIjS\G �-M f QRG&SJMPGCH f �XM�S(O6YPG�^ O6HJHJG/v��mOXY]KPv;SJO�S\M]G
I6^�^ e HaI6^ b 
 � v}^/IjYÑl�GCvnG/G�Y:UjS\MPG � C v f �6Y f Am^/IjY�S\Q b fRg �PH\OVhXG/v�SJMPG � e IjQ f S b O���S\MPG��PMPO6Y]G
KdG/^�O_K f Y��Ñl e S&Q G�SnS\G/H&HJG/^ O?�6Y f S f O6Y{v�S f QRQ:HJG g I f Y]v g O6HJGöH\G/Q f Ijl]Q G?


z f Y]I6Q Q b U;I g OXH\G{KdG SaI f Q GqK v�S e K b O��&S\MPG{QRG SnSJG�HÑHJG/^ O?�6Y f S f O6Y�G/H\HJO6Hav�O e S\Q f YPG/v>S\M]G
v�SaIjY]KPI6HJK�^�O6Y$� e v f O6Y]v>l�G S �<G�G�Y�I6^ O e vnS f ^�IjQRQ b v f gÑf QRI6H>QRG S\S\G/HJv�v e ^aM I6v ;nl A IjY]K�;\K A U
; � A IjY]K ;Jv A O6H*;�� A I6Y]K ;�S A 
 � v�YPOjSJG/K f Y g IjY b v�S e K f G/v�O6Y÷I6Q �]M]Ijl�G S�H\Gq^ O��XY f S f O6Y
O G�� 
1� ��� �ÅU � � �0�8Q UmQRG S\S\G/H�k�C C÷v�I6H\G�Y]OjSCHJG/I6Q Q b I6lPQ G�S\O3K f vnS f Y�� ePf v\M1S �NO,QRG S\S\G/HJv��-MPOXv\G
vT��G�QRQ f Y���vCOXYPQ b K f&� G/H�l b I3v\MPO6H\S&SJHJI6Y]v f S f O6YmIjQÇIX^ O e v�S f ^�G/h6G/YXSB
�z]O6H�G��PI g �PQRG6UmQ G�SnS\G/HJv
; g A IjYmK ;nY A v\M]I6H\G-SJMPG�vJI g G&hXO:�NG/Q]IjYmKuIjHJGCvnG��]IjHaIjl]Q G-l b S\MPG�QRIXv�SN^�O6Y]v\O6YmIjY�S�
 9 e S
�PMPO6Y]G g G/v � ' �7I6Y]K � 7���IjHJG � ePf SJG7v f gÑf QRI6H/U]I6Y]K{S\M]G f HC^ OXY$� e v f OXY f v�IjQxvnOÑO6Y]G�O��;S\M]G
g O�v�S&^�O gÑg O6Y�v e l]v�S f S e S f O6Y�IjS<SJMPG �PMPOXYPG g G�QRG�hXG�Q9



 !"254 )04 ��)0� 4 �"! � �&G/v e QîSav&OXY1S\MPG>Y]I g G�HJG/^�O��6Y f S f OXY�HaIVSJG/v&I6H\G�HJG���O6H\S\GqKM
1�ÏO g G/Ijw
v e HJG�S\MPG�H\GqvT��G/^ S f h6G f g ��O6H\SJI6Y]^ G�O��ÇSJMPG �PH\OXY e Y]^ f IVS f OXY3IjYmKuS\M]Göv���G�QRQ f Y��]U�SJMPGöH\Gq^ O��6w
Y f S f OXY HaIVSJG f v�^ O g � e S\GqK÷O6YFS\MPG�SJHJI f Y f Y��1^ OXH�� e v �õOXH�hVI6H f O e v�hVIjQ e G/v�O�� � 

�-Gqv e Q SJv
IjHJG&H\G��mOXHnSJG/K f Y�A1�1
 
 �õOXH ' � � �0
 - 
$
 � Y,O��PS fRg I6QmhVI6Q e G f v �õO e Y]K��õO6H �>� � - 6 �-M f ^aM
H\G��]G/^ SJvöSJMPG)�àI6^ S�S\M]IjS�S\MPG��]H\OXY e Y]^ f IVS f OXY f v�I1hVIjQ e Ijl]Q Guv\O e Ha^ GÑO�� f Y$�õO6H g IVS f O6Y �õOXH
S\MPG�SJIXvn` 
�= f gÑf QRI6Hu^ e HJh6Gqv7IjHJG3OXldSJI f Y]G/K OXY�S\M]G{^�Q GqIjY�I6Y]K ^�O g �PQRG S\G�S\Gqv�Su^ OXH���O6HaI
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����� è��mè r G/^�OdK f Y1�ÑIX^�^ e HJIX^ b OXY�SJMPGöS\HaI f Y1^ O6H	� e v�IXv-I5� e Y]^�S f OXY1O��ÇSJMPGL� e K$�XGL�àI6^ S\O6H

� f SJM�HJG/^�O��6Y f S f OXY HaIVS\Gqv�O��CHJG/v��mGq^�S f hXG�Q b � �1
 ��� I6Y]K 
 ��
 ��� IjS�SJMPG1O��dS f g I6Q �mO f Y�S�

7 MPG�Y e v f Y���I � C f Y]vnS\GqI6KuO��:S\M]G A �dG/K,S\HaIjY]v f S f O6YuQRO��jw&�PHJO6l]I6l f Q f S b U6S\MPG�H\Gq^ O��XY f S f O6Y
HJIjS\G/v-I6H\Göv\Q f �6M�S\Q b l�G S\S\G�HB
 ��M]G�G � Gq^�S f hXG�YPGqv\v�O��ÏSJMPG�Q GqIjHJY�S-K b YmI gÑf ^öI6Q f �6Y g G/YXS&^�OXvnS
f vN^ QRG/IjHJQ b v\MPO:�-Yuv f Y]^ G �õO6HNIöHJG/^�O��XY f S f OXYÑHJIjS\G-O�� 
 6�
 ��� OXYÑS\MPG�^ QRG/IjYÑSJG/vnSN^ OXH�� e v��õOXH
l f YmIjH b ^ O�v�Sav�U_SJMPG�HJIjS\G f Y]^ HJG/IXvnGqv(SJO �.�$
 ��� � f SJM{QRG/I6H\Y�S&^ O�v�SB

��MPG�v\G/I6HJ^aMuvnS\HaIVS\G�� b �PHJG/v\G�Y�S\GqKÑlmG��õO6HJG f g �PQ f G/v�IjYuG��_MmI e vnS f h6GCv\G/I6HJ^aM,IX^ HJOXvJv;S\M]G

G�Y�S f H\GNQ G�� f ^�O6Y�IjYmK f vÏHaIVS\M]G�H:S f g G�^ OXY]v e]g�f Y�� 
���MPG/H\G��õO6HJG6U/I �àI6vnS��PHJG w�v\G�QRG/^�S f OXY:U�lmI6v\G/K
O6Y÷SJMPGuvT��G�QRQ f Y���v�UÖO��NI�v\G SöO�� �mO�v\v f l]Q G�G�Y�S\H f G/v f Y S\MPG�QRG�� f ^�O6Y �<IXv�KdG/h6G/Q O?�mGqKM
M��M f v
I����PHJO � f g IjS f h6G�v\G/I6HJ^aM f v�lmI6v\G/K�O6Y1I7hVIjH f IjY�S-O��ÇSJMPG�IjQ �6OXH f S\M g O6H f � f Y]I6Q Q b �PHJO���OXv\G/K
f Y � � �����õOXH
G�HJH\OXHnw½S\OXQ G/HJI6Y�SÇQ G�� f ^/IjQdHJG/^ O?�6Y f S f O6Y�
iz]O6H}I ��� Q G�� f ^�O6Y:UiSJMPG&vnGqIjHa^aM f v
Ijl�O e S
�-S fRg G/v��àI6vnS\G/H�� f S\M7I��PHJG w�vnG/Q Gq^�S f O6Y�O�� � � �-Q G�� f ^/IjQ�G�Y�S\H f Gqv
� f S\M�I&h6G/H b v g I6Q Q�KdG/^�H\GqI6v\G
O���S\MPG ��G�H��õO6H g IjY]^�G/v O �.��
 ��� f Y]vnS\G/IXK3O�� �.��
 6��5QR

� ��� �=#%/�� �.� #�� ���14�
 )��3# �%# �.� !�� � �3# �
& 
 )0� � 4 ) 
 !"254 $
��Y]KdG���G�YmKdG�Y�S�O��;S\MPG�vT��G�Gq^aM�H\Gq^ O��XY f S f O6Y�IjY]K�v b Y�S\MPGqv f v g G SJMPOdKPv e vnGqK¢UmIuHJG��]H\GqvnG/Ydw
SJIVS f OXY O��&S\MPG��PHJO���G�H�Y]I g G��PHJO6Y e Ym^ f IVS f O6Y f v�YPGq^ G/vJvJIjH b U��-M f ^aM f v�YPO6S�GqI6v f Q b O6lPw
SJI f YPGqK � � 
��9
���Y �àI6^ S/U��]H\O?�mG/H�Y]I g Gqv�H\G��PHJG/v\G�Y�S7I�^aM]IjQRQRG�Y�� f Y��{SaI6v\` �õOXH�S\HaI6K f S f O6YmIjQ½U
H e QRG wÅl]IXvnGqK÷SJHJI6Y]v\^�H f �dS f OXY%v b v�SJG g v�	:S\MPG b O��ñS\G�Y�^�O6Y�SJI f Y h6G/H b e Y e v e IjQ}QRG S\S\G�H\w�vnO e Y]K
I6vJvnOd^ f IVS f OXY]v/U6I �àIX^�S �-M f ^aM f v(KPHJI g IjS f ^�I6Q Q b v\G�hXG�HJG/K�l b S\MPG�hiI6H f G S b O��:Q f Y�� ePf vnS f ^&O6H f w
� f Y]vCO��
Y]I g G/v'� � � �&
 D�f h6G/Y�S\M]G7h6G/H b M f �6M÷Y ePg lmG/H�O��(K f&� G/H\G/YXS �PHJO���G�HCYmI g G/v/UmI6Y]K
S\MPG��]IX^ G�O���I����]I6H f S f O6Y%O��<YPG�� f SJG g v/UM� e HJG�QRG�� f ^�I6Q}I����PHJOXIX^aMPG/v/U�O6YPQ b �PHJOVh f K f Y��{I
Q fRgÑf SJG/K1^ OVhXG�HaI��6G�O���S\MPG �]H\O?�mG/H<YmI g G�K f h6G�Hav f S b U_I6H\G�I6QRv\O>l�O e Y]K�S\O)�àI f Q9

��MPG g G�S\MPOdKdOXQ O?� b �<G�IXKdh6Od^/IVS\GÑ^ OXY]v f vnSJv f Y e v f Y��1vnG/Q �ñwÅQ GqIjHJY f Y��3SJG/^aMPY f � e Gqv�IjQ w

Q O:� f Y��öS\O��6G�Y]G�HaIjQ f y/G<OVhXG�H
G�� f vnS f Y�� �PHJO6Y e Y]^ f IjS f O6YuK f ^�S f OXY]IjH f Gqv�
�=dG�h6G/HJI6Q��<G�QRQ]`_YPO:�-Y
Q GqIjHJY f Y1� IjQ �6OXH f S\M g v�MmIih6G�l�G�G�Y �PH\O?�mO�vnGqK[IjY]K e vnGqK S\O SJM f vFG/Y]KPv�	�YPG e HaIjQ7Y]G Snw
�NOXH\`dv � � �0�½UÖKdG/^ f v f O6Ydw½S\HJG�Gqv �	� �0�ÅUÖYPG/I6H\Gqv�SCY]G f �6M_lmOXHJv � � ���ÅU�G�SJ^�
ÖkCO:�NG/h6G/H/UdSJMPG/v\G�SJG/^aMdw
Y f � e Gqv g Ij`6G�IXv\v ePg �dS f O6Ymv�H\G��XIjHaK f Y����]MPO6YPG�S f ^öH\G��PHJG/v\G�Y�SJIjS f O6Y]v/U f Y �]IjH\S f ^ e QRI6H�S\M]IjS
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����� è��]è �CI g G�HJG/^�O��XY f S f OXY3HaIVSJGöIXv-I � e Y]^�S f OXY1O�� �

�PMPO6Y]G S f ^7I6Y]K �XHJI��PMPG gÑf ^�vnS\H f Y���v&M]IihXG�I����]H\O � fRg IjS\G/Q b G�� e IjQ�QRG�Y��6S\M:UÖIjY]K{SJM]IVS�S\M]G
�õO6H g G/H&IjHJG�vnMPOXHnSJG�H�SJM]IjY{S\M]G�QRIjSnSJG�HB
mLNM e YP`�w½l]IXvnGqK,SJHJI6Y]vJ^ H f �dS f OXY g OdKdG/QRv �	� �0�½U%� � 
 �½U
� � � �½UM�-M f ^aM K f vT��G�Y]v\G)� f SJM%S\M f vö` f Y]K]vöO��<IXv\v ePg �dS f OXY]v�U:v\G�G g S\O APS f Y l�G S\S\G/H � f SJM
O e H �6G�Y]G�HaIjQ1�]H f Y]^ f �PQRG/v�	6QxIjY�� e I��XG f YmKdG���G�Y]KPG�Y]^�G6U e v\GCO��ÇIX^ O e v�S f ^&O6H(Q f Y�� ePf vnS f ^ e Y f SJv
�õO6H}HJG��PHJG/v\G�Y�S f Y�� �PHJO6Y e Y]^ f IjS f O6Y]v�
:��YÑQ f YPG � f S\MÑSJMPG&^ OXH\G f KdG/IXv
O�� ��� �T=dt;U��<G&KdG�hXG�QRO��
MPG�HJG/I��ñS\G�H b G�SÏIjYPO6S\MPG/H f Y]vnSJIjYm^ G}O��]^aM e YP`�w½l]IXvnGqK g OdKdG/QÀUqY]I g G/Q b S\M]G s O f Y�Snw g7e Q S f �6HaI g
g OdKdG/Q6� � ���½U �-M f ^aM3G��_S\G�YmKPv}SJMPG g7e Q S f �6HaI g g OdKdG�Q O vnG/G =_Gq^�S�
��1
	� Q
SJO�S\M]G�^/I6v\GCO��Ïl f w
K f g G/Y]v f O6YmIjQ:vnS\HJG/I g v�

��MPG�l]I6v f ^ f KPG/IÑO��;SJMPG s O f Y�Snw g7e Q S f �6HaI g g O_KPG�Q f v-SJO3I e S\O g IjS f ^�IjQRQ b f KPG�Y�S f � b H\G�w

^ e HJH\G/Y�S s O f Y�S�v\G�� e G�Ym^ G/v f Y I��PHJO6Y e Y]^ f IjS f O6Y÷K f ^�S f OXY]IjH b U]I6Y]K e v\G�SJMPG/v\G7IXv-S\M]G �PH f w
g I6H b e Y f Sav �õO6H�S\MPG�S\HaIjYmv\^�H f �dS f O6YFO�� e Y]`�Y]O:�-Y �<O6HaKPv�
�zPOXH g IjQRQ b U¢I s O f Y�S�vnGB� e G�Y]^�G� � T -.-/- � �� T -.-/- � ��� f v g I6KdGöO��ÏS �NO5�]I6HJI6Q QRG�Q¢^aM e YP`dv/U_^�O6HJH\GqvT��O6YmK f Y1� f Y�O e H-^ O6Y�SJG��_S-H\GqvT��G/^ w
S f h6G�Q b S\OövnGB� e G�Y]^�G/vÏO����XHJI��PMPG g GqvÏI6Y]K�O�� �PMPO6Y]G S f ^NO6HÏIX^ O e v�S f ^ e Y f SJv�
 ��Y f SJv;v fRg �PQRG/vnS
�õO6H g U�SJMPG s O f Y�S\w g>e QîS f �XHJI g g OdKdG/Q¢^ O6Ymv f KdG�HavNG/I6^aM �PHJO6Y e Y]^ f IjS f O6Y,vJI g �PQRG�IXv}SJMPGöH\G�w
v e Q S�O��:SJMPG�^ O6Ym^�IVSJG�Y]IjS f O6YuO�� s O f Y�S�v\G�� e G/Y]^ Gqv�U�S\M]G�l�O6HaKdG�H<O����-M f ^aM{IjHJGCYPO6S<`_YPO:�-Y�

�ÇHaI f Y f Y���v fRg �]Q b ^�O6Y]v f v�Sav f Y>AmY]K f Y��]U f Y{IÑv\G S�O���G��PI g �PQRG/v/U�S\MPG g OXvnS-Q f `6G/Q b �]I f H f Y��
O���hiI6H f Ijl]Q G�w½QRG�Y��6S\M�v\G�� e G�Ym^ G/vöO�� �6HaI��PMPG g G/vL� f S\M�hVIjH f I6lPQRG wÅQ G/Y��jSJM%v\G�� e G/Y]^ GqvL�PMPOjw
YPG S f ^��VI6^�O e vnS f ^ e Y f Sav�
 ��MPGCHJG/v e Q S f Y��7v\G S<O��Çv\G�� e G�Ym^ G/v/UXI6Q OXY�� � f S\MuSJMPG f HS�PH\OXl]Ijl f Q f S b
O��
^ OjwÅOd^�^ e H\G/Y]^ GXU�^/IjY1l�G e vnGqK3SJO f Y$�õG/H/UPS\MPHJO e �XM{IÑv\G�� e G/Y]^ G�w½l b wÅv\G�� e G/Y]^ G�KdG/^�OdK f Y1�
�PH\Od^�G/vJv�U�S\M]G�v�SJH f Y���O�� e Y f Sav�� �-M f ^aM{lmGqv�S g IVSa^aMPG/v�I5� f h6G/Y3OXHnSJMPO��XHJI��PM f ^ �õO6H g	� 

��M f v�S\HaIjY]vJK e ^ S f O6Y SaI6v\` ^�I6Y�lmG�G��$�PHJG/vJvnGqK I6v7I�vnSJI6Y]KPI6HJK g I�� fRg7ePg I���OXvnS\G�H f O6H f
KdG/^�O_K f Y��)�PHJO6l]Q G g UP^�O6Y]v f v�S f Y�� f Y A]Y]K f Y��ÑS\M]G g O�v�S-Q f `XG�Q b�
� � f hXG�Y � 	
�,� I6H�� g I��� 9 O � = � Q � I6H�� g I �� 9 O
� ��� Q>- O 
?Q

;&Y]KdG/H�S\MPG�S\HaI6K f S f O6YmIjQ-I6vJv e]g �PS f O6Y�SJM]IVS���� � O ���� ������ Q U�S\MPG g OXvnS>Q f `XG�Q b s O f Y�S
vnG�� g G�Y�SJIjS f O6Y�O��}S\MPG7S �NO{v�SJH f Y���v�UÖI6^/^ O e YXSav �õOXH g OXvnS�O��
S\MPG�Q f `XG�Q f MPO_OdK¢UmS\MPG g I�� f w



g�f y/IjS f O6Y �PHJO��6HaI g f v�HJG��-H f S\S\G�Y 	
� � � IjH	� g I��� 9 O � ���'� � �� � � � � Q O 6<Q
� IjH	� g I��� 9 O � � � �� = �'� � � � Q 9 O �'� � � � Q O 
�Q

l b I��1�PQ f ^�IjS f O6Y O��uSJMPG 9�I b Gqv�H e Q G?
 9 O � � ���� = �'� ���� QFv\^�O6HJG/v1MPO:� �<G�QRQ�S\M]G
�6HaI��PMPG gÑf ^-v\G�� e G/Y]^ Gqv f YÑS\MPG�vnG�� g G�Y�SJIjS f O6Y����� g IjSJ^aMÑS\M]G f Y$�õG�HJH\GqK)�PMPOXYPG S f ^-HJG��]H\G�w
vnG/YXSaIVS f OXY f Y ���� 
$�ÅS f v-^�O g � e SJG/K�I6v � ' O � #�� & =�� #�� & Q�U$�-MPG/H\G�S\M]Gö^�O6Y]K f S f OXY]IjQ �PHJO6l]Ijw
l f Q f S f G/v}I6H\G�KdG/K e ^ GqK �õHJO g SJMPG �PHJO6l]I6l f Q f S f G/v '�O � � � � � Q�G/vnS fRg IVSJG/K�K e H f Y���SJMPG�S\HaI f Y f Y��
�PM]I6v\G�

��M]GÑS\G�H g 9 O �'� ���� Q g GqI6v e H\Gqv�S\MPGuQ f `6G�Q f MPO_O_K O��NS\MPG f Y$�õG/H\HJG/K �PHJO6Y e Y]^ f Ijw
S f O6Y 	 f S7^�I6Y:UM�õOXH f Y]vnSJI6Y]^ GXU:l�GuG/vnS fRg IjS\GqK�I6v��9 O � ������ Q U e v f Y��÷I1QxIjY1� e I��6G g OdKdG/Q+

��M f v;KdGq^ OdK f Y���vnS\HaIVSJG�� b f v�I���I b SJO fRg �mO�vnG�v b Y�SaI�� g IjS f ^�IjQ�^ OXY]v�SJHJI f Y�Sav f Y�S\M]G�vnS\H f Y��� O MPG/H\GL�PM]O6YPO6SJI6^ S f ^�I6Q:^ O6Ymv�SJHJI f Y�SJv3QR
���M]G g I � fRgÑf yqIVS f OXY O 
�Q A]Y]I6Q Q b HJG��-H f SJG/v-IXv

�� � �
	 ��� � � � � 9 O � � � �� = �'� � � � Q
�9 O � � � � � Q>- O �<Q

��M f v g OdKdG�Q½UdIjY]K3G��_S\G/Y]v f OXY]v}SJMPG�HJG�O�� �	�����ÅU_M]I6vNlmG/G�Y�G�hVIjQ e IVSJG/K3O6Y�I>zPHJG�Y]^aM�Q G�� f ^�O6Y
O��Ï^�O gÑg O6Y��<O6HaKPv/U�I6Y]KuM]IXv@�PHJOVh6GqKÑS\O�I6^aM f G�hXG�vJIVS f vT� b f Y��>H\Gqv e QîSav�U�lmO6S\M f Y�S\G/H g vNO��
S\MPG f KdG�Y�S f A]GqK�v\G�� g G�Y�SJIjS f O6Y:UdIjYmK f Y3SJG�H g v�O��ÇSJMPG�OVh6G/HJI6Q Q �PHJO6Y e Y]^ f IjS f O6Y{I6^�^ e HaI6^ b 

� S�^ e HJHJG�Y�SCv�SaI��XG6UPMPO:�<G�hXG�HqU f Sav&l�G�YPG�APSJv�IjHJG�v�S f QRQÇQ f gÑf S\GqK1l b S\MPG>YPG�GqK�S\O,QRG/I6H\Y{S\M]G
g OdKdG/Q��]IjHaI g G�S\G�Hav��õH\O g S\HaIjY]vJ^ H f �PS f O6Y]v�IVSöS\M]G5�<O6HaK�QRG�hXG�Q �-M f ^aM%I6H\G�YPOjS�K f H\Gq^�SJQ b
O6ldSaI f YPG/K��õHJO g HaI �[vT��G�Gq^aMFKPIjSJI�
M��MPG>YPG��_S�v�SJG�� � � � f v�S\M e v�S\O�G��_S\G/Y]K�SJM f v g OdKdG�Q
IjY]K>S\O7G�Y]I6lPQ G�SJHJI f Y f Y��öSJOöSJI6`6G �PQxI6^�G&K f HJG/^ S\Q b OXY ��� �T=Pt
w e Y f SJv
l]IXvnGqK>S\HaIjY]vJ^ H f �PS f O6Y
O��
vT��O6`XG�Y e SnS\G/HJI6Y]^ Gqv�


� ! � � ��� �:ü � ���Öý �(ú"��û���ýNú

����� �=#:��)0� /���� � � �3#
��MPG �6G/YPG�H f ^(S\G/H g O��ÖvT��G/I6`6G�H
HJG/^�O��XY f S f OXY>^�O g �PH f v\G/v;IjQRQPO��]S\M]G g I6Y b K f&� G/H\G/YXS
SaI6v\`dv
O��(K f v�S f Y1� ePf vnM f Y��>�mG/O��PQRG7OXY�S\MPG>l]I6v f v&O��
SJMPG f HChXO f ^ Gqv�
 ��MPG�HJG7IjHJG N9/10 ( � 0�H * 
 0 71#9* � G
,	(�#+*-%�7�SJIXvn`dv"�-M f ^aM%^�O6Y]v f vnSJv f YFSJG�QRQ f Y����-MPO]U¢I g OXY���I{v\G S�O��@��OXvJv f lPQRGu^�I6Y]K f KPIVSJG/v/U
�PH\OXYPO e Y]^ GqK�S\M]G÷IihiI f QxIjl]Q G�S\Gqv�S,v��mG/G/^aM vnGB� e G�Y]^�G�
 ��Y�S\MPG1OjSJMPG�HuMmIjY]K¢U;SJMPG�HJG�IjHJG
N+/10 ( � 0FH I 0�H * � ,3(:#9*-%:7 SJIXvn`dvS�õOXH �-M f ^aM{OXYPG g7e v�SCvJI b �-MPG�S\MPG/HCIuvT��G/^ f AmG/K1^�I6Y]K f KPIVSJG
�PH\OXYPO e Y]^ GqK1S\MPGÑIihVI f QRI6lPQRG�S\Gqv�S�vT��G�Gq^aMFv\G�� e G�Ym^ G7OXH�Y]OjS�
 ��Y÷SJM f v�v\G/^ S f O6Y:U �<G �õOd^ e v
O6YÑvT��G/I6`6G�H;hXG�H f Am^/IVS f OXY:U��-M f ^aM f v
I6^�S e IjQRQ b I�KPG/^ f v f OXY �PHJO6l]Q G g lmG�S �NG/G�Y>S\MPG�S �<O��õOXQîw
Q O:� f Y��3^�QRIXv\v\G/v�	dS\M]G># H ! 0 N9/10 ( � 0FHKO IjQxvnO3KPG�YPO g�f Y]IjS\G/KFI6v , < * 0 71#½U , < (�*8')(�71#&OXH�#P( H 6 0 #
N+/10 ( � 0FH Q-I6Y]K3S\MPG>%�#82 0FH N9/10 ( � 0FH3N�Oõe v e I6Q Q b YPO6S\GqK{IXvL*8' / % N #P% H3NLN9/�0 ( � 0�H3N QR

� v>�àIjH�IXvuSJMPG v��mG/G/^aM g OdKdG f v{^ OXY]^ G/H\YPGqK¢UNv���G/Ij`XG�H,HJG/^�O��XY f S f OXY v b vnS\G g v�IjHJG

e v e IjQRQ b ^ QxI6vJv f A]GqK�I6vCS\G���S\wÅKPG���G�Y]KdG/Y�S�O6HCS\G���S\w f Y]KdG��mG/Y]KdG/YXSB
 ��Y÷S\G��_Snw�KdG���G�Y]KPG�Y�S�G��_w
�mG/H fRg G�Y�SJv/UVS\M]G�S\G��_S
SJHJI6Y]v\^�H f �dS f OXY>O��mSJMPG&vT��G�Gq^aM�v\G�� e G/Y]^ G f v;`_YPO:�-YÑIL�PH f O6H f UiI6Y]K f v
^ O6Ymv�SJHJI f YPGqK�S\O>lmG�S\MPG�v\I g G �õO6HNS\HaI f Y f Y��7I6Y]KÑS\Gqv�S f Y1�1
$��MPGC`_YPO:�-QRG/K��6G&O��
�-M]IVSS�<IXv
v\I f K�^�IjY�lmGöG�� �]Q O f SJG/K3S\OÑIjQ f �XY,S\M]Göv���G�G/^aM1v f �XY]IjQ f Y�SJOÑK f vJ^ H f gÑf Y]IjY�S-^ QxI6vJvnGqv O �NOXHJK]v
O6H�v e lPw9�<O6HaKuvT��G�Gq^aM e Y f Sav	QF
 ��M]G g I f Y�IXKdhVIjY�SJI��6G f v �àI f HNHJG/^�O��XY f S f OXY��mG/HT�õOXH g I6Y]^ Gqv
� f SJMFv g I6Q Q�I g O e Y�S&O��(vT��G�Gq^aM÷v f �6Y]I6Q:YPG/G/KdGqK �õO6H&SJHJI f Y f Y���IjY]K{SJG/vnS f Y��1
 ��MPG g I s OXH



KdHJI �-lmI6^a`dv(O���v e ^aM1v b vnS\G g v-I6H\G�S\MPG ��O_O6H&v\G/^ e H f S b QRG�h6G/Q O SJMPG�v b vnS\G g ^�I6Y�GqI6v f Q b l�G
�õO�OXQ GqK e v f Y����PHJG wÅH\Gq^ OXHJKdGqK,v��mG/G/^aM Q�I6Y]K,SJMPG f H&HJG���G S f S f O e v�Y]IVS e HJG�

��YuS\G���S\w f Y]KdG��mG/Y]KdG/YXSNSJIXvn`dv/UXG/YPH\OXQ Q g G�Y�SNI6Y]KÑS\Gqv�S�vT��G�Gq^aM3IjHJGC^�O g �PQRG S\G/Q b e Y]^�O6Ydw

v�SJHJI f YPGqKM
$= e ^aM�vJ^ G/Y]IjH f OXvNO � G�H g OXH\G��]G�� f l f Q f S b IjY]K3G�Y]I6lPQRG�M f �6M]G�H�vnGq^ e H f S b I��XI f Y]vnS
�PH\G�w½HJG/^�O6HaKdG/KÑv��mG/G/^aM f �:HJI6Y]KdO g SJG��_Snw&�PHJO g �dS f Y�� f v e vnGqKM
 �&G�hXG�H\S\MPG/Q Gqv\v/UXIXv
SJMPG �õOXH\G�w
`�Y]O:�-Q GqK$�6G÷O����-M]IjS3S\M]G%v��mGqIj`XG�H�vJI f K f v3Y]OjS�IihiI f QxIjl]Q GXU(QRG/vJv>�PHJG/^ f v\G g OdKdG/QRv{IjHJG
�6G�Y]G�HaIjQRQ b e v\G/K%IjYmKFQxIjH	�6G/H � e I6YXS f S f GqvöO���vT��G�Gq^aM%v f �XY]IjQ
I6H\G�YPG�GqKdG/KFS\O�IX^aM f G/h6GÑI6^ w
^ G��PSJIjl]Q G ��G�H��õO6H g IjY]^�G/v�

��Y lmG�S �NG/G�Y S\G��_Snw�KdG���G�Y]KPG�Y�S{I6Y]K S\G���S\w f Y]KdG��mG/Y]KdG/YXS{Q f G f Y�S\G�H g G/K f IVSJG÷v b vnS\G g v

v e ^aM÷IXv ,�! N #&%�' *�� 0 
:G / ( N3N ? % H 
÷v b vnS\G g v�
1��Y1SJM f v�^�IXvnGXUPG�Y]H\OXQ Q g G�Y�S�v��mG/G/^aM f v e Y]^�O6Ydw
v�SJHJI f YPGqK�v f Y]^ G{S\M]G e vnG/H f v)�PHJO g �dSJG/K S\O ^aMPO�vnG{M fRg vnG/Q �öO6YPG O O6H g O6HJGBQ �]I6vJv��NOXHJK
�-M f QRG�S\MPG�S\Gqv�S-vT��G�Gq^aM f v�^ O6Ymv�SJHJI f YPGqK�S\O�lmG�S\M]G�vJI g G �õHJO g v\G/vJv f OXYuS\O�vnGqv\v f OXY

 ��M f v
I����PHJOXIX^aM O � G�Hav e v\G�H\w+�õH f G/Y]KdQ f Y]G/vJv�IjY]K H\G/QRIjS f h6G�Q b M f �XM vnGq^ e H f S b I���I f Y]vnS�H\Gq^ O6HaK f Y��
IVSnSaI6^a`dv f � g O6HJG�S\M]I6Y O6YPG��]IXv\v��<O6HaKPv f v e v\G/K

 � v �<G�QRQ½UÖS\MPG3IX^�^ e HJIX^ b f v �6G/YPG�HaIjQRQ b
lmG�SnS\G/H-S\MmIjY�S\G��_S\w f Y]KdG��mG/Y]KdG�Y�S&SaI6v\`dv<v f Y]^ G g OdKdG�Q f Y��u^�IjY{l�G g OXH\GL�PHJG/^ f v\G�
�= fRgÑf QxIjH
S\O�SJMPG�^ e v�SJO gÑf y�G/Kdw9�]IXv\v��<O6HaK�SJG/^aMPY f � e G f v}SJMPG � 7 % ? < 0 
�6 0 G �3( N�0 
,I����PHJOXIX^aM f Y��-M f ^aM
S\MPGÑv b vnS\G g v"�PHJO g �dSav&SJMPG e v\G�H"�õO6H�M f vCYmI g G6UÖl f HnSJMdw�KPIVSJG6U�O6HCO6S\MPG/H"��G�Hav\O6Y]I6QÏKPIjSJI�

� �XI f YÇUVS\MPGCG�YPHJO6QRQ g G/YXS(v���G�G/^aM f v
YPO6S �PH\GqK f ^�SJI6lPQRG �-M f QRG-SJMPG-S\Gqv�S(v���G�G/^aM f v;SJMPGCvJI g G
�õH\O g vnGqv\v f O6Y�S\OuvnGqv\v f O6Y
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S f O6Y O ��K �3Q<O��¢S\M]G�v��mGqIj`6G/H �õGqIVS e H\G�h6G/^ S\OXHJv�
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�mO6S\G�Y�S f I6Q Q b lmO_OXvnS e ��S\MPGS��G�H��õO6H g I6Y]^ Gqv�
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 ��MPG b f Y]^ Q e KdG�K f vJ^ H fRg�f Y]I6YXSÑ^�I��]Ijl f Q f S f Gqv
IjY]K)�<G/I6`6G�H
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^ O g ��OXv f S f OXY IjY]K SJMPG�^�QRIXv\v f A�^�IVS f OXY�v�SJG�� f v ��G�H��õO6H g GqK � f SJM h6Gq^�S\OXH�� e IjY�S f yqIVS f O6YÇU
I6v f YXSJH\OdK e ^ G/K f Y�=dG/^�SB
 ��
 ��
M��Y�v e ^aM I��<I b GqI6^aM%h6G/^ S\OXH�O��NSJMPG,I6^�O e vnS f ^ÑvnGB� e G�Y]^�G
f v�^ QxI6vJv f A]GqK,I6v�I g G g l�G�H�O��ÏI>^/IVSJG��6OXH b ���ÏKdG�S\G/H gÑf YPG/K,S\MPHJO e �XM,SJMPG�v\G�� g G�Y�SJIjS f O6Y
IjY]K�S\MPG<QRI6lmG/Q f Y�� 
B��Y7S\MPG g OdKdG�Q f Y1��vnS\G��:UqS\MPG�v\I g G}S\Gq^aMPY f � e G<IXv
�õOXH��XQ OXl]IjQ g OdKdG�Q f Y1�
f v e v\G/KM
�� C � t(v�IjHJG&SJHJI f YPGqK��õOXH<GqI6^aM3^�Q f G�Y�SqU$�-MPG�HJG � f v(SJMPGöY ePg l�G�H�O��;^ OdKdG/lmO_O6`
^ G�Y�SJH\O f KPv�
 � S�S\G/vnS&S f g G6UmS\M]G�S\Gqv�S�v���G�G/^aM f vCI6QRv\O,v\G�� g G/YXSJG/K f Y�S\O � ^/IVS\G��6OXH f G/v-I6Y]K
G/I6^aM{^�IjS\G��XO6H b f vNS\Gqv�SJG/K{I��XI f Ymv�SNS\MPG�^ OXH\HJG/v���O6Y]K f Y��5C � t 
 ��Y�v e ^aM{I���I b S\MPGLC � t
I6vJvnOd^ f IVSJG/K>� f SJM1^/IVSJG��6OXH b � � �PHJOVh f KdGqv�I�v\G�� g G�Y�SJI6QÖvJ^ OXH\G�IXvS�õO6QRQ O:�&v 	
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�-MPG�HJG-S\M]G��PHJOdK e ^�Sav f Y_h6O6QRh6G-hXG/^ S\O6Hav
l�G f Y����]H\G/h f O e vnQ b QxIjl�G�QRG/KuIXv g G g lmG/HJv(O��Ç^�IjS\G�w
�6O6H b � �P
�= e l]v\^�H f �dSav * � IjY]K�� � KdG/YPOjSJGCHJG/v��mGq^�S f hXG�Q b SJMPG�^�Q f G�Y�S g OdKdG/Q1�õOXH<v\G�� g G�Y�SJI6Q
^�IVSJG��XO6H b � �;IjYmK �<O6HJQxK g OdKdG�QM�õOXH&vnG�� g G�Y�SaIjQ:^�IjS\G��6O6H b ��� 

����� � � 4 !��
4 ) � 4 )0��� ��!�� � �3# ��� � 4.)0��254 #:��$
� !"$ � � 4 $ � )0� �%�����
# � =_G�� g G/Y�SJIjQ}I6Y]K �6QRO6l]I6Q;v b v�SJG g v�IjHJG>S\G/vnS\GqK%O6Y S\MPG ���T=$� � � �
KPIVSaIjl]IXvnGXU �]I6HnS�O��}SJMPG�= 7 � �CL<k�9�� � � r ���Ct}M]IXvnG �T�C^�O6H	� e v/UmHJG/^�O6HaKdG/K1OVhXG�HCS\G�QRG w
�PMPO6Y]G�Q f YPG/v�
@��MPG÷v���G�G/^aM f v,v��mOXYXSaIjYPG/O e vuI6Y]K YPO S\HaIjYmv\^�H f �dS f O6Ymv�U
YPG f SJMPG�H3O6H\S\MPO6w
�6HaI��PM f ^
YPOXH��]MPO6YPG�S f ^jUiIjHJG(IihVI f QRI6lPQRG�
���M]G<KPIjSJI6l]I6v\G(^ OXY]v f vnSJvÇO��
� 
 � g IjQRGNI6Y]K � 
 �E�õG w
g I6Q Göv��mGqIj`6G/HJv(H\G��PHJG/v\G�Y�S f Y���SJMPG�^�Q f G�Y�Sav<I6Y]KÑSJMPG fRg �mO�v�SJO6Hav(O��:S\M]G�v b v�SJG g 
$��MPG�v\G��
g�f v g IjSJ^aM f v<YPO6S<vnS e K f G/K:UPvnO7S\M]IjS�I6Q QÖG��$��G�H f G/Y]^ GqvNI6H\G�v�SJH f ^�SJQ b v\G��_w�KdG���G�YmKdG�Y�S�
$=_G���w
KdG���G�Y]KPG�Y�S-H\Gqv e Q SJv<IjHJG g G/H��XG/K f Y�I e Y f � e Gö^ e HJh6GXU��õOXH�vJIj`XG&O���v fRg �PQ f ^ f S b 

��Y]Q b O6Y]G
S\HaI f Y f Y1� IjYmK�S\Gqv�S f Y1�%^�O6Y$A1� e HaIVS f O6Y f vÑ^ OXY]v f KdG/H\GqK 	 � gÑf Y�O6H g O6HJG��õO6H>S\M]G�SJHJI f YPw
f Y��1IjYmK � ��v�O��Nv��mG/G/^aM �õO6H�S\MPG>S\Gqv�S�K e HJIjS f O6Y

 �ÇO{G�hVI6Q e IjS\G>S\MPG�HJO6l e vnS\Y]G/vJv�O��}S\M]G
YPG�� �PHJO���OXv\G/K{vnG�� g G�Y�SJI6Q g G�S\MPOdK¢U�vnO g G�O��ÏSJMPGöS\Gqv�Sav&IjHJGöG�hVIjQ e IjS\G/K{v\G��]I6HJIjS\G�Q b �õOXH
g IjSJ^aMPGqK>I6Y]K gÑf v g IjSJ^aMPGqK>^�O6Y]K f S f O6Ymv O O��mS\MPG<S\HaI f Y f Y��öIjY]K7S\Gqv�S f Y�� g IVSJG�H f I6Q QF
:��MPG b
IjHJG}YPOjSJG/KöHJG/v��mGq^�S f hXG�Q b IXv�=�� O vJI g G(Y ePg lmG/H3Q¢I6Y]K r � O K f&� G�HJG�Y�S gÑf ^ HJO��PMPOXYPG;S b �mG QR

� Y f Y]KdG���G�YmKdG�Y�S<v\G SNO��6� � ���õG g IjQRGCIjY]K ��� � g IjQRGCv��mGqIj`6G/HJv � f S\M gÑf �dG/Ku^�I6H\l�O6YuI6Y]K
G�QRG/^�SJH\G�S gÑf ^�H\O?�PMPOXYPG/v��<IXv&vnG/Q Gq^�SJG/K��õHJO g S\MPG � �T=$� � � 
uKPIVSaIjl]IXvnGL�õOXH g OdKdG�Q f Y1�,S\M]G
�NOXH\QxKövT��G/I6`6G�Hav�
F��MPG}G��$��G�H f g G/YXSaIjQjHJG/v e Q SJv:I6H\G}KPG/vJ^ H f l�G/KöI6v
�õO6QRQ O:�&v�
 z f HavnS:S\MPG@�6QRO6l]I6Q
C � t �mG/HT�õOXH g I6Y]^ Gqv<I6H\Gö^ O g �]IjHJG/K�� f S\M{SJMPG�v�SaIVS\G�O��ÏS\MPG�I6HnS D CKC l]I6v\G/K�v b vnS\G g 

��MPG f Y�� e G�Y]^�G�O��ÏS\MPG gÑf v g IVSa^aMPG/K3S\HaI f Y f Y��uIjY]K3S\Gqv�S f Y1�Ñ^�O6Y]K f S f OXY]v f vE��O f Y�S\GqK�O e S�

��Y�S\MPGNYPG��_S
vnGq^�S f OXYöS\MPG f Y�� e G�Y]^�GNO��dS\MPGNQ G/Y��jSJM�O��dSJMPGNIX^ O e v�S f ^ � f Y]KPO:� f vÏK f vJ^ e v\v\G/KM

��MPG/v\GuG��$��G�H f g G�Y�Sav �PHJOVh f KdG�SJMPG,YPGq^ G/vJvJIjH b ^ O g �mIjH f v\O6Y �mO f Y�Sav �õO6H�S\MPG3v\G�� g G�Y�SJI6Q
v b vnS\G g HJG/v e QîSav�KdGqv\^�H f lmGqK�I:�ñSJG�H	�<I6HJKPv/UM�-MPG/H\GuSJMPG���G�H��õO6H g IjY]^�G/v ��G�H�^ QxI6vJv�IjHJG,KdG w
SJI f QRG/KM
]z f Y]IjQRQ b UdHJG/v e QîSavE� f SJM÷IÑv fRg �PQ GöHJG/^�O g l f Y]IjS f O6Y�S\Gq^aMPY f � e GöI6H\GL� f hXG�Y



��� � 4 )0� 2 4 #:� ! � � 4 ��� � � � t�L(wÅ^�G��]vnS\HaIjQ��mIjHaI g G SJG�Hav�IjHJG e vnGqK �õO6H�SJMPG��õGqIVS e H\G,G��_w
S\HaI6^�S f OXY

 � � � g v
kCI gÑgÑf Y��L� f Y]KPO:� f v
I����PQ f GqK7G/h6G/H b ��� g v f Y>OXHJKdG/H�S\OöG��_S\HaI6^ S ���
� t<L(w�^ G��]vnS\HaIjQm^�O_G � ^ f G�Y�SJv�
 ��MPG�OXHJKPG�H<O��:SJMPG � t<L I6Y]IjQ b v f v f v<vnG�SNSJO ����
 � Q f �ñSJG�H f Y1�
�PH\Od^�G/K e HJG f vCI����PQ f GqK1S\O3S\MPG�^ G��mv�SJHJI6Q:h6Gq^�S\OXHJv �õO6QRQ O:�<G/K{l b ^ G��]v�SJHJI6Q g G/I6Y÷v e ldS\HaI6^ w
S f O6Y f Y�O6HaKdG�HÏS\O�H\GqK e ^�G}S\M]G<G � Gq^�SavÏO��]SJMPG<^aMmIjYPYPG/Q+
:��MPG�vnS\H e ^�S e H\G<O��]S\MPG C � t(v e vnGqK
�õO6HNS\MPG �6QRO6l]I6Qmv b v�SJG g v f v�I�SJMPH\G/GCQxI b G/H C � t;U�I6Y]K�� f S\M ��� ��Y]G e HJO6Y]v f Y,S\M]GCM f KPKdG/Y
QRI b G�HB
ÇzPOXH�S\M]G{v\G�� g G/Y�SJIjQSC � tNv�UÇS\MPG�Y ePg l�G�H�O��-YPG e H\OXY]v f Y�SJMPG�M f KPKPG�Y QxI b G/H f v
H\GqK e ^ GqKuSJO'� ��IjYmK 
7^�O6Y�S f � e O e v �õHJI g Gqv�IjHJG e v\G/K�I6v(S\MPG f Y1� e SE�õO6HNS\MPG C � t(v�
<��M]G
S\G g ��O6HaIjQÖKdG/^�O g ��OXv f S f OXY f v<v\G S(SJO>KdG�S\Gq^�S ��
�G/h6G/YXSav ��G�H-v\G/^ OXY]K f Y�Iih6G/HJI��6G-IjYmKuS\M]G
h6G/^ S\OXH�� e IjY�S f y/IjS f O6Y f v�S\HaI f YPGqK O6Y S\M]G8��� � 
{KPIjSJI�� f S\M ^�O_KPG�l�O�OX` v f y/G,O����$� ��

LNO6MPG/H\G/Y]^ G�O��
S\MPG�I6^�O e vnS f ^�QxIjl�G�Q f Y��{I g O6Y1�3vT��G/I6`6G/HJv f v�h6G�H f A]G/K{SJMPH\O e �6M f Y$�õOXH g I6Q
Q f v�SJG�Y f Y��ÑSJG/vnSJv�
 �mw½Y]O6H g f v-I����PQ f GqK �õO6H-G/IX^aM{v b v�SJG g � � 
��9


� ; 
 ! #1/ ��� � 
 �1) �34 $�� t;G�H��õO6H g IjY]^�G/vÑO���v��mGqIj`6G/H,h6G/H f Am^/IVS f O6Y v b vnS\G g v,IjHJG
e v e IjQRQ b � f hXG�Y f Y>S\G�H g v;O��mzmIjQxvnG � QRI6H g v;IjY]K C f v\v
t(H\OXl]Ijl f Q f S b U/O��ñS\G�Y�HJG��PHJG/v\G�Y�S\GqK7IXv
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a) MlpGlob C55 DT
b) GMM DT

c) MlpGlob C55 SN
d) GMM SN

d
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a

����� è��Pè Û<�¥Ê/Ó_�/��¤ÅÎX¤Å���JÚ�¤a�PÛ-óuó ��ª_¦,óÑêm¡ Ú�Êj¦X�a�¥£¥ª�Ý6�����n�/£¥ªX£îªXÝ�«aÊqª�¦X£���£¥Êqª���Ú�£¥ªÑÊ/�<Ú�Ê/���q�
���J¤Å�ö¦6�X�n����£¥Ê/ª÷ q�u¤��a«q�¢¤���Ú���ª6�XÚ�Ód�J��éà�j�-ð-�/ª�¦�¦X£��P�J���aªV�&�½Î6Òd�,é � �}ð\�mËxÊ/�����n�/£¥ª÷�/ª�¦{���a¤Å�
Ú�� ���J��£î�/�¥¤

�-G/^�G f h6G�H �"�mG/HJIjS f Y���L e HJh6Gqv O ����LEQF
.7 MPG/Y�v f gÑf QRI6HNv b v�SJG g v}YPG/G/KÑSJO7l�G�^�O g �]IjHJG/K:U
f S f v g O6HJG��]HJIX^�S f ^�I6Q]SJO e vnG�I r G SJG/^�S f OXY  (H\HJO6HS�ÇHaI6KdG/O ��O r  @� Q � � 6�� f Y �-M f ^aM,S\M]G��
IjY]K b vJ^�I6Q Gqv-IjHJG�YPOXH g I6Q:KdG�h f IVS\G�vJ^�I6Q Gqv�


� � � �%! � ��� $�� 4 2 � 4 $���� ��$.� � ^ S e I6Q Q b l�G S\S\G�H>H\Gqv e QîSav �õO6H7v��mGqIj`XG�Höh6G/H f Am^�IjS f O6Y IjHJG
I6^aM f G�hXG/K � f S\M D CKC÷v�
07 G e v\G(SJMPG g M]G�HJGNI6vÇS\M]G�vnSJIjS\G<O��PSJMPG�IjH\S�^ O g �]IjH f v\O6Y��mO f Y�S�

��MPG÷^ O g �mIjH f v\O6Y]v�O���SJMPG �mG/HT�õOXH g I6Y]^ Gqv>O���SJMPG �6QRO6lmIjQ C � t IjY]K D CKC v b vnS\G g v
IjHJG{v\MPO:�-Y f Y z f �1
 
$
 ��M]G fRg �mOXHnSaIjY]^�G�O��CSJMPG g�f v g IjSJ^aMPGqK SJHJI f Y f Y�� IjYmK�S\Gqv�S f Y1�
^ O6YmK f S f OXY]v/U�IXv �àI6H�IXv&SJMPG gÑf ^ HJO��PM]O6YPG�K f�� G�HJG�Ym^ G/vöI6H\G7^�O6Y]v f KdG�HJG/K¢UÖIjHJG>I6QRv\O,h f v f lPQRG
O6Y,SJM f vSA1� e HJG�
 7 MPG/Y3SJMPGCSJG/vnS&vnG�� g G�Y�SJv<^ O g G��õHJO g I�K f&� G/H\G/YXS�M]I6Y]KPv\G S<S b ��G�S\M]I6Y
S\MPG7S\HaI f Y f Y1�,vT��G�Gq^aM g IjS\G/H f IjQ O r �[^ e HJh6G/v3Q�UPS\MPG>G�HJH\OXH-HJIjS\G/vCIjHJG f Y]^�H\GqI6v\G/K{HJO e �XMPQ b
l b IK�àIX^�S\OXHÑO����õO e HB
 D Q OXl]IjQ D CKC IjY]K C � tAM]IihXG{^�O g �]I6HJI6lPQ G�H\Gqv e QîSav�
 ��Ij` f Y��
f Y�S\O%I6^/^ O e YXS7S\MPG>� e HnSJMPG�HÑK f v\^�H fRgÑf YmIjY�S ��OXvJv f l f Q f S f G/v �<G�^�I6Y�M]Iih6G>� f SJM C � t;U��<G
I6KdO?�dS\GqK%S\MPG g �õOXH�SJMPG�v\G�� g G/Y�SJIjQ(G��$�mG/H fRg G�Y�SJv�
 �ÅS f v>`_YPO:�-Y S\MmIVS7OXYPG fRg ��O6H\SJI6Y�S
�àI6^�SJO6H �õOXH}vT��G/I6`6G�H;hXG�H f Am^/IVS f OXY f v�S\MPG&I g O e Y�S
O��]SJHJI f Y f Y���KPIjSJI1
jzPO6H;SJMPG C � t lmI6v\G/K
G��$�mG/H fRg G�Y�SJv/U;O6YPG �]I6HnSÑO���S\MPG�S\HaI f Y f Y��%K]IVSJI Oõe v e I6Q Q b � �<Q f v e v\G/K��õO6H�S\MPG�^�H\O�v\vnw
hiI6Q f KPIjS f O6YFK e H f Y��,SJMPG)C � t SJHJI f Y f Y�� �PHJO_^�G/K e H\G?
 =_O3S\MPG�K f&� G/H\G/YXSL��G�H��õO6H g I6Y]^ G7O��
S\MPGqvnGöS �<O�v b v�SJG g v f vE�mG/H\MmI��]v-K e GöS\O�S\MPG�v g IjQRQ G/H�S\HaI f Y{K]IVSJI�O��ÏSJMPG C � tNv�


�=#�� �%4 #���4 �3& ���14 �=#����1� � � #%/1� � 
 4 #�� ��� � � e H@�PHJG�h f O e vNv�S e K f G/v � � � �ÖI6Y]K8�	�����
vnMPO:�<G/K�SJMPG f g ��O6H\SJIjYm^ G�O��¢S\M]G�IX^ O e v�S f ^/IjQ1� f Y]KdO:� QRG�Y1�jS\M e v\G/K3IXv}SJMPG f Y�� e S<O��:S\M]G
C � t �õO6H�vT��G/I6`6G/HCh6G/H f Am^/IVS f O6Y�G��$�mG/H fRg G�Y�SJv�
¢z f �1

�{KdG g O6Ymv�SJHJIjS\G/v&S\MPGÑl�G�M]Iih f O6H�O��
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a) Global MLP COO

a
b

b) Global MLP C33

c) Global MLP C55

c

����� è��]è Û<�¥ÊqÓ��/�(¤ÅÎ6¤Å���aÚÑ�ÇóÑê�¡ Ú�Êj¦X�J�î£¥ªXÝX�¢���n�/£¥ªX£îªXÝ{«aÊ/ª_¦6£¥��£¥Ê/ª��/© éà�,Ú�£¥ª÷Ê/��Ú�Ê���� ð\�¢���a¤Å�
¦6�X�n� ��£îÊ/ªu q��¤��a«q�_¤���Ú��-ªj��Ú�Ód�\���j£îª��_�X�aª�«a�<Ê/Ë¢��Ì��<£îªXÒ��6�
���n�/£¥ª�£¥ª�ÝöÜ}£¥ª�¦XÊ�Ü �¥�aªXÝ/��Ì�éñÍq� ��ÎX£¥ªXÝ
Ë ��ÊqÚ+�;�q�

�
 q��Ú�¤}��Ê�� �q� � ¨a q��Ú�¤nð

S\MPG C � tK� f S\MÑK f�� G�HJG�Y�S f Y1� e S�� f YmKdO:� QRG�Y��6S\M]v�
:��MPGNY ePg lmG/H;O�� f Y�� e S �õHaI g G/v;v��]IjYmv
�õH\O g OXYPG O YPOjSJG/K÷IXv�L � �]Um^�O6HJH\GqvT��O6Y]K f Y��ÑSJO*� � g v3Q�SJO �.� f Y1� e S �õHJI g Gqv O YPOjSJG/K÷IXv
L 
 
dUÖGB� e]f hVIjQRG�Y�SöS\O � � � g v3QR

;�v f Y�� g O6HJG�^�O6Y�S f � e O e v f Y�� e S �õHaI g G/v fRg �PH\OVhXG/v�S\M]G
�mG/HT�õOXH g IjYm^ G/v�O���S\MPG �6QRO6l]I6Q@C � t v b vnS\G g v/UÇM]O:�NG/h6G�H�IFv\IjS e HaIVS f OXY I�����G/IjHav �-MPG/Y
G�QRG�h6G/Y>�õHaI g Gqv-IjHJG e vnGqK�IXv f Y�� e S�


� 4 �3254 #:��! � ��� $�� 4 2 �*4 $���� ��$.� t;G�H��õO6H g I6Y]^ Gqv�O6Y�I��mG/Hnw�^ QxI6vJvöl]IXv f v �õO6H�SJMPG3v\G��6w
g G/Y�SJIjQ
v b v�SJG g O = ��^�O6Y]K f S f OXY]v	Q�IjHJG>KPG�� f ^�SJG/K f Y%z f �1
 �1
���Y]Q b A]hXG�^�QRIXv\v\G/v�M]Iih f Y��
K f vJv f gÑf QRI6H �mG/HT�õOXH g I6Y]^ Gqv�IjHJG,^aMPOXv\G�Y �õOXH f QRQ e v�SJHJIjS f O6Y


LNQRIXv\v\G/v �mG/HT�õOXH g K f�� G�HJG�Y�SJQ b
IjY]K�^�O6Y_h6G b g O6HJG}OXHÇQRG/vJv f Y$�õO6H g IVS f OXY]vÇI6lmO e S:S\M]G<v��mGqIj`XG�Hav�
 ��Y]G fRg ��O6H\SJI6Y�S
�àI6^ S\O6H f v
S\MPG<I g O e Y�SÇO��dS\HaI f Y f Y�� g IVSJG�H f I6Q6IihVI f QRI6lPQ G@�mG/HÏ^ QxI6vJv�
��ÅS f v��NG/Q QX`�Y]O:�-YöS\M]IjSÇS\M]G g O6HJG
S\HaI f Y f Y1� g IVS\G/H f IjQ �NGCM]Iih6GXUVS\MPG�lmG�SnSJG�HNS\MPG g OdKdG/QRv<IjHJG�
?��YÑS\MPG�^�IXvnG �-M]G�YuSJMPG�I e S\O6w
g IjS f ^�I6Q Q b KPG S\G/H gÑf YPG/K3vT��G�Gq^aM e Y f SJv<IjHJGCv e ���mO�vnGqK�S\O�^ O6HJHJG/v��mOXY]K>S\O �PM]O6YPG g Gqv�UXS\M]G
Y e]g l�G�H�O���^�QRIXv\v\G/vöv\MPO e QxK I����]H\O � fRg IjS\G/Q b l�GuG�� e I6Q
S\O{S\M]G,Y ePg l�G�H�O��S�PM]O6YPG g Gqv�

k&O:�<G�h6G/H�S �<O gÑf Y e SJG/v�O��-SJHJI f Y f Y�� g IVS\G/H f IjQ gÑf �XMXSÑYPO6S>l�G{v e�� ^ f G�Y�S7SJO G/Y]v e H\G�I
�PH\O?�mG/H}SJHJI f Y f Y���O��ÇIjQRQPS\M]GC^ QxI6vJvnGqv�
<��M f v f v
S\M]GCHJG/I6v\O6Y)�-M b S\MPG�Y e]g l�G�H(O��:^ QxI6vJvnGqv f v
vnG�S�SJOöG f �6M�S/Ujv\O�S\M]IjS}lPH\O�I6K��PMPO6Y]G S f ^�^ QxI6vJvnGqv;IjHJG<KdG�S\Gq^�S\GqKM
 7 MPG/Y e v f Y�� � e v f OXY7SJG/^aMdw
Y f � e GqvÏS\OCHJG/^�O g l f Y]G}S\M]G<vJ^ OXH\Gqv:O���IjQRQXSJMPG/v\GN^�QRIXv\v\G/v/UqO6YPG<vnMPO e QxK e v\G(SJMPG f Y$�õOXH g IjS f O6Y
S\M]IjSC^ G�H\SJI f Y1^ QxI6vJv\G/vS�mG/HT�õOXH g lmG�SnS\G/H-S\MmIjY1OjSJMPG�Hav�

��Y{z f �1
�� � �<G�^�O g �]IjHJG�S\MPGöl�G/vnSE�XQ OXl]IjQMC � t v b vnS\G g I6Y]K3S\MPG�v\G�� g G/Y�SJIjQ C � t

v b vnS\G g 
S��MPGFv\G�� g G/YXSaIjQ&HJG/v e Q SJv,I6H\G�OXldSJI f Y]G/K�S\MPHJO e �6M v f g �PQRG÷HJG/^ O g l f Y]IjS f O6Y O��
S\MPG�G f �6M�S-^ QxI6vJvnGqv O YPOjSJG/K3IXv C � t =_G��dL ��� � � f Y QR
 7 f S\M�S\M f v�v fRg �PQ G�HJG/^ O g l f Y]IjS f O6Y
S\G/^aM]Y f � e G��NG�OXl]v\G�HJh6G�I,v\Q f �6M�SCKdG��6HaI6KPIjS f O6Y �õO6HCS\MPG>v\I g G7Y e]g l�G�H�^�O6Y]K f S f OXY]v�
�zPOXH
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MlpSeg_Class7

MlpSeg_Class0
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MlpSeg_Class6
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S\MPG g OXH\G>K f � ^ e QîS O K f&� G�HJG�Y�SCS b ��GBQ&^�O6Y]K f S f OXY:UPSJMPG>v\G�� g G/Y�SJIjQ�v b vnS\G g O e S���G�H��õO6H g v
S\MPGS�6QRO6l]I6Q<C � t%v b vnS\G g UVIjYmK�G�hXG�Y�SJMPG D CKC5HJG/v e Q SJv�
B��M f v�O���G�YmvÇSJMPGS�<I b S\O"� e v f OXY
S\G/^aM]Y f � e Gqv�U��-MPG�HJG f Y]K f h f K e IjQ}S e Y f Y���O��S�]I6HJI g G S\G/HJvö^�O6HJH\GqvT��O6Y]K f Y��3S\O�GqI6^aM ^ QxI6vJv
^�IjY{l�G�KdO6YPG?

��MPG �PHJO���OXv\G/K�vnG�� g G�Y�SJI6QPv b vnS\G g O I e S\O g IVS f ^�vnG�� g G�Y�SaIVS f O6Y5��G�H��õO6H g GqK�l b S\G g w

�mOXHJI6Q<KdGq^ O g ��OXv f S f O6Y�I6Y]K�hXG/^�SJO6H)� e IjY�S f y/IjS f O6Y f v/U;^�O e �]Q GqK�� f S\M IjH\S f Am^ f IjQ<YPG e HJI6Q
YPG S �<O6HJ`÷v\^�O6H f Y1�<QCH\GqI6^aMPGqv�v fRg�f QxIjHL�mG/HT�õOXH g I6Y]^ Gqv�IXv�S\MPG��XQ OXl]IjQ�C � t v b vnS\G g U:I6Y]K
G�h6G/Y1O e S	�mG/HT�õOXH g v f S f Y gÑf v g IVSa^aMPG/K�SJHJI f Y f Y����qS\Gqv�SC^�O6Y]K f S f OXY]v�
 7 G�v\MPO:� S\M]IjS ��� w
�T=dt S\Gq^aMPY f � e G/v>IjHJG��mO6S\G�Y�S f I6Q Q b e v\GF� e Q<I6QRv\O f Y v���G/Ij`XG�H�hXG�H f A�^�IVS f OXY l�G/^/I e v\GuSJMPG b
IjHJGöI e S\O g IVS f ^�IjYmK e Y]v e �mG/H\h f vnGqK¢UPQ f gÑf S f Y��uS\M]G�M e]g I6Y f Y�S\G/HJIX^�S f OXY{Y]G/^ Gqv\vJIjH b UdI6Y]K
MPG�Y]^�G�S\MPGöY ePg l�G�H�O��ÇG�HJH\OXHJv f YXSJH\OdK e ^ G/K3l b M e]g I6Y�O?�mG/HJIjS\OXHJv�
?�E�<O f vJv e Gqv�IjHJG�vnS f Q Q
O���G�Y,HJG���IjHaK f Y1�öS\MPG�vnG�� g G�Y�SJI6QmI����PHJOXI6^aM�
Xz f HavnS/U<�mG/Hnw�^ QxI6vJv f Y]K f h f K e I6Q]S e Y f Y���O��¢S\M]G
�]IjHaI g G SJG�Hav>v\MPO e QRK�l�G f Y_h6Gqv�S f ��IVS\GqK O S\MPHJG/v\MPO6QxK f Y��]U
Y]O6H g I6Q f y/IjS f O6Y:US
�
�
	QF
@=_G/^�O6Y]K¢U
lmG�SnS\G/H g G/H�� f Y1�7O��¢SJMPG�^ QxI6vJv�w�KdG��mG/Y]KdG�Y�S<H\Gqv e Q SJv(S\O>O6ldSaI f Y,SJMPG"�XQ OXl]IjQ�v\^�O6HJG/v/U6SaIj` f Y��
f Y�S\OuIX^�^ O e Y�S�S\MPG�K f vJ^ H f gÑf Y]IjY�S �mG/HT�õOXH g I6Y]^ GqvNO��ÏSJMPG�^ QxI6vJv\G/v�vnM]O e QxK{lmG�I6Y]IjQ b y�G/K



� � ýNú�� �nÿ�$ ��ý(ú �
úCþ�� �:ü $ � ����û$����� $

��MPG(HaI�� f K�KdG/h6G�QRO�� g G/Y�SÇO�� f Y�S\G�HaI6^ S f h6G
hXO f ^ G(v\G�HJh6G/HJv f Y7I g>e Q S f w½Q f Y1� e I6Q6G�Y_h f H\OXY g G�Y�S
^�IjQRQxvS�õO6HCI6Y f Y�S\G/Y]v f h6G e v\G�O��
KPIjSJIVw�KdH f hXG�Y3S\G/^aM]Y f � e Gqv�S\O,v���G/^ f � b SJMPG�I6^�O e vnS f ^ e Y f SJv
IjY]K g OdKdG�Qxv<S\Oul�G e v\G/K{l b S\MPG�HJG/^�O��XY f y/G�H-IjYmK,SJOÑS\HaI f Y{IÑK f IjQRO�� e G g I6Y]I��XG�HB
$��M f v
^aM]I��dSJG�H<M]I6v �PHJO���OXv\G/K,I�v\G S�O��¢S\O_OXQRvS�-M f ^aM�^�O e QxKul�G e vnGqK��õO6HNS\M]G/v\G"� e H���OXv\G/v�
<��M]G
I6^ O e vnS f ^ e Y f SJv�M]IihXG7l�G�G/YFG�hVI6Q e IjS\GqK f Y÷S\M]G�^�O6Y�S\G���SöO��<I,h6G/H b QRO:�[l f S�HaIVSJG�^�O_KPG�HB
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False Alarms probability (in %)

a) MlpGlob C55 DT

a
b) MlpSeg C22 RLin DT

b

c

c) MlpSeg C22 RLin SN

d

d) MlpGlob C55 SN

����� è ���mè Û<�¥ÊqÓ��/�N�/ª_¦F¤��aÝqÚ��Jªj�n���}¤ÅÎX¤Å���JÚÑ�¢���n�/£¥ª�£¥ª�Ý{«aÊqª�¦X£���£¥Êqª���©��Ï���J¤Å�7¦X�X�n� ��£¥Êqª  /�{¤��a«q�
¤���Ú���ªj��Ú�Ód�J�-éà�6��ð;�/ª�¦�¦X£��P�J���Jªj�
�ÀÎ6Òd�öé � �}ð

= e ^aM I÷^�O_KPG�H>^�O e QxK l�G,G f S\MPG/H7QxIjY�� e I��XG f YmKdG���G�Y]KPG�Y�S>OXH7vT��G/^ f A�^ÑS\OFIK� f h6G�Y�QxIjYPw
� e I��6GCI6Y]K3I�� f h6G�Y�vT��G/I6`6G�HB
 � IjY�� e I��XGCKdG��mG/Y]KdG�Y�S-^ OdKdG/HJv �NO e QxKuMPG�Q ���õOXHNQxIjY1� e I��6G
f KdG/Y�S f Am^�IjS f O6Y


C÷IjY b O��(S\M]Guh6O f ^ Guv\G�HJh6G/HJv g I b ��G�H��õO6H g lmG�SnSJG�H � f S\M�v\O g Gu`_YPO:�-Q GqK$�6GÑIjl�O e S

S\MPG f KdG�Y�S f S b O��NSJMPGuvT��G/I6`6G/H�
M��MPGuHJG/^�O��6Y f y/G�Hö^ O e QRK%I6KPI��dSöS\O{S\MmIVS7v��mGqIj`6G/H f Y%S\M]G
A]HJvnS �]QRIX^ G�
_z e HnSJMPG�H g O6HJG6U?�õO6H�vnGq^ e H f S b � e H	��OXv\G/v/U f S g I b l�G�YPGq^ Gqv\vJIjH b SJO7hXG�H f � b S\M]G
f KdG/Y�S f S b O���S\MPG e v\G�HB
���M f vu^aMmI��dSJG�H�H\G/h f G��&v>SJMPG�v�SaIVS\G1O��&S\MPG÷I6HnS f Y SJG��_S,KdG���G�Ydw
KdG�Y�S/UPS\G��_S �PHJO g �dSJG/K{IjY]K3S\G��_S f Y]KPG���G�Y]KdG/Y�S�vT��G/I6`6G/H<hXG�H f A�^�IVS f OXY�I6Y]K>�]H\O?�mO�vnGqv<I6Y
��� �T=Pt
wÅl]I6v\G/K{I����]H\O�I6^aMuSJOÑS\MPG�hXG�H f Am^/IVS f OXY>�PHJO6lPQRG g 


� � �-ú&ý�� ���Ïþ�� � �ÇúNû $

=_O g GCIXvT��G/^ SJv
O���SJMPG��<O6HJ`7KdGqv\^�H f l�G/K f YÑS\M f vN^aMmI��dSJG�H �XH\GqIVS\Q b l�G�Y]GFAm^ f IjS\G/K5�õHJO g S\M]G
MPG�Q ��O��dSJMPG �õO6QRQ O:� f Y��&HJG/v\G/I6HJ^aMPG/HJv¢I6Y]K�G/Y�� f YPG�G/HJv�	/z]H\GqKdG�H f ^�9 f g lmO6S��PHJOVh f KdGqK e v�� f SJM
M f v�v\O��ñS ��IjHJG �õOXHöS\G g ��O6HaIjQ
KdGq^ O g ��OXv f S f O6Y:U�=dI6l f YPG r G/Q f �6YPGuKdG/h6G/Q O?�mGqK�S\M]G � g>e QîS f w
�6HaI g �Vg O_KPG�Q½U6zPHaIjYP` �&G e lmG/HnS(^�O6Y�S\H f l e S\GqK7SJOöS\MPG-HJG/^�O��XY f S f OXY7O�� �PHJO���G�H
YmI g G/v
I6Y]K
vT��G�QRQ f Y���v-IjY]K � ^aM f g � IVSJy f g �PQRG g G�Y�SJG/K�S\MPGLAmHJvnS-h6G�Hav f OXY�O��ÇS\M]G � C÷I s O6HaKdO g G � 

��M f v��NOXH\` ��I6v g I6KPG���OXvJv f lPQRG � f SJM÷SJMPG A]YmIjY]^ f I6QÇMPG/Q �÷O��
S\MPG   �L�UPS\M]G5= � f v\v

��z� S=ÖU¢SJMPG3zPHJG�Ym^aM �XOVh6G/H\Y g G/YXS�I6Y]K�= � f vJvJ^ O g 
���M]G��NOXH\`FO��&WXI6Y ZLNG�HJYPOd^a` Eb �<IXv
�]IjH\S\Q b v e ����O6H\S\GqK�l b S\MPG�C f Y f vnS\H b O��  (K e ^�IjS f O6Y:Ud~}O e S\M÷I6Y]K = ��O6H\SJv-O���SJMPG>LNy�Gq^aM
�-G�� e lPQ f ^jU1�PH\O s G/^ S �CO1
��L=�� 
 � 6 ��
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